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= Framework: EU-WP6 and White-Paper
— Deliverables and Milestones

= Design and construction activities/challenges
— Challenges (Heat load, powering and protection, axial forces, collaring)
— New features (Porous cable and ground-plane insulation, tuning shims)
— Integrated design process (quench simulation, end-spacer design)

= Planning issues (How much R&D)
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The EU and White-paper Framework

CERM-FI: Kate Ross (travell, C. Montagnier (material),
Mathalie Knoors (pers. timeshests: http: #pptevm cern.chéslhcpp/uifmain. do)
EU-7-SL-ACC LIT-PSL | |EucCARD
EU-7-SL RGS-PSL WP6
EU-7-SL-ACC LRD-PSL CEA- CNRS ;
—py CERN Saclay || IN2P3 RIETAL, | (STEE
EU EU EU
EU EU
Yolume
(person month)
Lyn Evans, Lucie Linssen 97109 97184
moromos._ pppe], L iorkeU ] [seeke0T) [TESKED] [SSHEDT —?
l 99605 Mod. * * * * \
™ 695 kCHF pers.
o 99606 Pre. 1002 kCHF mat. N
3 0007 Ser. 2009/2010 o9
o CERN i
O 99608 Cryo. i Upgrade Phase 1
— T Mikko Cold-p.
Al el. Stephan Russenschuck Kal inen
— P PP A Ranko Ostojic
%) &
©)]
= ]
LLI
|_
Z In kind 2
o contr. France Aoplst ADPUL
= (Accord Linac 4
o Special tachnlque) (Us)
= contribution SPL gf:lay &Nzgg HFM
3 CHE cLic
8 o Paolo 3.1413.1.9 3.1.41 13.1.3
c Vittorio Fessia
5 Parma 403KEU | [134KEU |  pagnets 3.1
N White-paper I
2] ]
3 L
o
c
©
S
e 3
0p)



Stephan Russenschuck, CERN TE-MCS, 1211 Geneva 23

Year Deliverables Milestones Accord-
Technique
2008 Component qualification
(6.1)
Basic magnetic design
(6.2)
2009 Basic MQXC design (6.1.1) Cryostat proto. design review
Coldmass design (6.3)
Model construction (6.2.1) Cryomagnet design (6.4) | Cryostat proto. production review
Cryostat f. corrector package design review
Corrector magnet design
Cold-bore tube tech. spec.
Cryostat f. corrector package production
readiness review
Quench heater tech. spec.
Collars for MQXC tech spec.
2010 Model cold-test and design
assesment (6.2.2)
Corrector package
construction (6.3.1)
Prototype construction (6.3.2) Corrector package cold- Cryostat prototype tooling installation
test (6.7) Cryostat component delivery
MQXC ELQA (6.6) Corrector magnet series production start
First quench-heater delivery
Collar delivery for MQXC
MQXC prototype cold-test Cryostat f. corrector package ready
(6.3.3)
2011 Complete IR design (6.3.4)

All corrector magnets delivered




Stephan Russenschuck, CERN TE-MCS, 1211 Geneva 23

Year Q Deliverables Milestones Accord-
Technique
2008 4 Component qualification
(6.1)
2009 1-4 Basic magnet design (6.2)
1 Basic MQXC design (6.1.1)
2010 2 Cryostat proto. design review
3 Coldmass design (6.3)
4 Model construction (6.2.1) Cryomagnet design (6.4) Cryostat proto. production review
Cryostat f. corrector package design review
Corrector magnet design
Cold-bore tube tech. spec.
1 Cryostat f. corrector package production
readiness review
Quench heater tech. spec.
Collars for MQXC tech spec.
2011 2 Model cold-test and design
assesment (6.2.2)
3 Corrector package
construction (6.3.1)
4 Prototype construction (6.3.2) Corrector package cold- Cryostat prototype tooling installation
test (6.7) Cryostat component delivery
MQXC ELQA (6.6) Corrector magnet series production start
First quench-heater delivery
Collar delivery for MQXC
1 MQXC prototype cold-test Cryostat f. corrector package ready
(6.3.3)
2012 Complete IR design (6.3.4)
4 All corrector magnets delivered
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Deliverables

Milestones

Accord-
Technique

Basic MQXC design (6.1.1)

Parameters fixed for all correctors
(except for orbit correctors in Q2)

2010 All drawings (magnet,
instrumentation and tooling)
All tooling (winding, curing, Coldmass design (6.3)
collaring, lifting, assembly, coil
finishing, yoking)
All components
Coil measurements
Model construction (6.2.1) Cryomagnet design (6.4) Cryostat f. corrector package design review
Corrector magnet design
Test in vertical cryostat Cryostat f. corrector package production
Integration in horizontal readiness review
cryostat, test-bench Quench heater tech. spec.
preparation, cycling, field Collars for MQXC tech spec.
measurements
2011 Model cold-test and design
assesment (6.2.2)
Corrector package
construction (6.3.1)
Prototype construction (6.3.2) Corrector package cold-
test (6.7) Corrector magnet series production start
MQXC ELQA (6.6) First quench-heater delivery
Collar delivery for MQXC
MQXC prototype cold-test Cryostat f. corrector package ready
(6.3.3)
2012 Complete IR design (6.3.4)

All corrector magnets delivered
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List of Components, Tooling, Assembly Activities, and Tests (MQXC)

Components
Concept design
Drawing
Specifications
Prototype

(Series) manufacture

Tooling
Concept design
Drawing
Manufacture
Installation

Assembly
Started
Finished

Tests/Studies

Coil (50%)

End-spacers (80%)

Ramp and splice box (50%)
Copper wedges (100%)
Quench heaters (80%)

Wiring diagrams (0%)
Capacitance gauges (100%)
Strain gauges (100%)

Spot heaters (0%)

Head shims (0%)

Collars (Instrumented) (100%)
Collar (Non-instrumented) (0%)
Collar (Punched) (0%)
Collaring shoe (100%)
Collaring keys (100%)
Ground insulation (50%)

Pole turn fishbones (60%)
Outer layer fish-bone (60%)

Yoke laminations (Wire, punched)
(100%)

Yoking tie rods and nut assembly
(0%)

Aperture end plate components (0%)
Joint box components (0%)

Yoke end plates (0%)

Main assembly drawing (20%)
Instrumentation feedthrough system
Helium vessel

End-domes

Coil winding mandrel (20%)

Curing mold assembly (50%)

Collar pack assembly tooling (0%)
Assembly for collar packs on coil (100%)
Multipurpose test press (Hydraulics) (100%)
Collaring press horizontal (100%)
Auxiliary tooling for collaring press (50%)
Ground insulation former (0%)

Layer jump and splice former (0%)

E-mod size press (straight section) (80%)
E-mod size press (end section) (0%)
Steel dummy coils (straight section)

Steel dummy coils (end section)

Collapsible mandrel for apert. assemb.
(short)

Collar rectification table
Longitudinal compaction press
Lifting tooling

Quench heater fabrication tooling
Soldered joint tooling

Insulate and cut wedges

Cure and measure coil packs
Calculate best position of coils
Assemble collar packs
Assemble 150 mm model

Insulate cable

Insulate Cu wedges

Coil winding

Coil curing

Coil size measurements
Collaring

Mechanical measurements

Warm magnetic field
measurements

Mount end flanges
Solder electrical joints
Yoke assembly

Warm magnetic field
measurements

Arch curing tests
Arch E-modulus test
Cold test 150 mm model

Quench heater discharge
Quench heater high-pot
Connection box

ELQA 1 Atfter collaring
ELQA 2 After joking

Warm magnetic field meas. 1
Warm magnetic field meas. 2

Cold test in vertical cryostat:
Field quality
Quench behavior

Cold test in horizontal cryostat
Dump

Quench heater delay
Propagation velocity

RRR

Field quality

Dynamic effects
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MQXB (Fermilab)

DESIGN OF A HIGH GRADIENT QUADRUPOLE FOR THE LHC
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More advanced
simulation tools

Integrated design and
manufacture for end-
spacers

Faster link between CAD
and FE modeling

More sophisticated
CAD/CAM

Existing specifications

Cryostat identical to MB

Cable available

Large aperture

EU-Industrial
suppliers

EU/White paper

Technical
experience

In-house
production

Heat load

(porous insulation; coil
modulus)

Busbar design and routing

Horizontal collaring (new
press to be procured)

Magnet protection (nested
PCs, heaters)

Axial forces

EU-Certification of tooling
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I@:m Layout — General Overview

- ~H6em _
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pum—

1

D1 QDXS CP Q3 Q2b Q2a Q1

One cryostated cold mass per main magnet

Part of the correctors located in an individual cold mass (CP)

Distribution feed box removed from the tunnel

Magnets, cold masses and cryostating performed at CERN (except D1&DFX)
Maximum standardization with the existing LHC components

Matching section magnets are left in their current position
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Drawing Magnets Cold mass length Cryostat length Dist btw supports
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12




Cryostat Design identical to MB
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12.6kA 12.6kA 12kA 12.86kA
52mH 52mH 52mH 52mH
6.8kA 50A 550A 550A 100A  550A 550A 12kA 12kA 10kA 12kA
40mH 90OmH 29mH 12H 3mH 12H 145mH 52mH 52mH 52mH 52mH
D1 MCSX MCTX MCBXV MCSOX MCBXH MQSX MQX (Q3) MQX (Q2b) MQX (Q2a) MQX Q1)
2x EE 12kA
2x [2kA, 8V]
1Q, (N+1)
2x1 =2x 19" Racks
|u|timate
2x [12KkA, 8V]
MQXC 14kA 1Q, N+1
2x6 = 12 x 19" Racks
MQXD 12kA
MCXB 3kA
MQXS 3kA
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Heat-Load and Cooling Requirements

Bayonet HX inner diameter at 7 m/s vapour velocity limit for a 52.9 m long IT+CP,
as function of total power
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Low-3 Quadrupole MQXC

= Coil aperture 120 mm

» Gradient 127 T/m

» Operating temp 1.9K

» Current 13.8 kKA

» WP on load-line 85%

» Inductance 5.2 mH/m

> YokelD 260 mm

» Yoke OD 550 mm

- » Magnetic length 9160 mm (Q1,Q3)
7760 mm (Q2)

» LHC cables 01 and 02

» Porous cable polyimide insulation
» Yoke OD identical to MB

» Self-supporting collars
>
>

Single piece yoke
Welded-shell cold mass

17
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@m Beam Screen Type 1 (Field Quality for Eccentricity of 1 mm)
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Selection of Cables
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Temperature increase (mK)
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Wrapping Machine fully Commissioned
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Insulation Thickness

[m]

. o . .
Stress (MPa) - insulation thickness (mm) Stress (MPa) - insulation thickness (mm)
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2 Instrumented collar pack needed for final verification



@ Coil Layouts

Rel. field errors {units 10 Rel. field errors (units 10°%)

4-block T 6-block
1. 1. it ik [
= 0.947 = 0.947
- —
— —
—REd —Ex
w073 m 07%
0.684 0.684
- 0.631 - 0.631
0.578 0.578
0.526 0.526
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- -
= 0.263 = 0.263
0.210
O'N) = 0.157 [ E:Eg
© mm e - 0.105
> — -
(0] 0. -
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()
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8" 0 0 20 30 4 S50 60 70 80 90 100 0 w0 20 3 a0 s0 20 8 90 100
>
=z .
i Geometric |
(@)
- NOEMAL EELATIVE MULTIPOLES (1.D-4): RHMAL A .
_5 B 1: 0.00000 » 2. 1000000000 b 3: 0. 00000 I];Il:lll REL%T%EEDEﬂnglgFlLEEDé%[]DDE%GD b 2. 0 00000
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§ Hiae ledeteiieite Hiz: Beetntakal P iledeteee b13: 0.00000 hid: 0.13018 k1EG: 0. 00000
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c
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5 12804 A, 79.6% on load-line NL — calc. 12683 A, 78.45% on load-line
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Persistent Current Multipoles
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Sensitivity of Multipole Field Errors

Separate powering

4-block | 6-block
by 0.767 0.684
b 0.623 0.534
by 0.446 0.398
b 0.330 0.258
by; 0.218 0.188
b7 0.137 0.119
by 0.093 0.086
by 0.056 0.054
bio | 0.034 0.037

4-block @ 6-block
Only outer layer: b 128.9 0.803
Only outer layer: by | -4.99 0.202
Only inner layer: bg | -115.7 | -0.905
Only inner layer: by 448 -0.227
Coil size effect

4-block | 6-block

Nominal: bg -0.0335 0.
Nominal: by 0.0005 0.
Inner + 0.34, Outer + 0.34: bg -1.75 -6.49
Inner + 0.34, Outer + 0.34 by, | 0.699 (0.344
Inner + 0.34, Outer - 0.34: by -4.06 -2.46
Inner + 0.34, Outer - 0.34: by, | 0.828 (0.255

Random errors

26
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Special splice

Internal Splice
te P collar needed
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ROXIE 434

' Rods and Plates

' Rods
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A Quench Simulation (Multi-physics, Multi-scale)

Stephan Russenschuck, CERN TE-MCS, 1211 Geneva 23


quench simulation requires coupling of different  models

paper reference

adiabatic !?


I@:m The Quench Algorithm

Field computation
B PLCISE lL

A

Electrical network
B lPDhm I

Y
Thermal network
1 lT R

¥ Y

F 3

Critical surface mode
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Quench Simulation (LHC MB)

14000 350

T T T

Simulated Cumrent - RRR=200 with losses

Simulated Current - RRR=100 no losses --------
Simulated Current - RRR=200 no losses

Measured Cumrent

Simulated Temperature - RRR=200 with losses 7 300

Simulated Temperature - RRR=100 no losses --------

Simulated Temperature - RRR=200 no losses e

12000

10000

8000

lin A
TinK

6000

4000

2000

0 0.05 0.1 0.15 0.2 025 s 03

tins

-107
207
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30 .  Anode right
1 L ] 1 ] B m A
0 0.1 0.2 0.3 0.4 05 s 06
t —
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@ Energy Extraction Study
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Dump Resistor
Quench Heaters — — —

— — — — — — —
— ——

Current in A
Temperature in K
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(Porous Ground-Plane Insulation)

@ Extraction of the Steady-State Heat-Load 1

Surface: Temperature [K] Max: 2.02
02 §
Power deposition in Q3 at peak power in the coil - r
300 o 2.01
200 0.14 ’
0.12
100 0 1.99
0.08
g 0 0.06 1:98
> 0.04
-100 Q08 1.97
|
. 1.96 :
2200 002 0.04 0.06 0.08 01 0.12 0.14 0.16 0.18 0.2 0.22 0.24 026 028 03 Min:1.96
300 Conventional ground insulation
@)
Al
©
>
(0]
©
Surface: Temperature [K] Max: 1.976
(D 0.2 x]..976
— 0.18
N 1.974
~— 0.16
(/5 o 1.972
Q 0.12 197
s .
LIIJ 01 1.968
— 0.08
- o 1.966
E 004 1.964
q 0.02 1.962
S 0
1.96
E 002 0.04 006 0.08 0.1 012 0.14 016 0.8 02 022 0.24 026 028 03 Min:1.96
[&]
(2]
=
(O]
7
= Open KCS ground insulation
(=
©
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Envelope of Planes

T/ 0 Ky —Hg T (T"\ ( 0 & 0\ (T\
n |=\| -k, 0 71 n N l=1 —x 0 T N
b’ kg —T1 0 b KB’} \ 0 —7 U} \B}

Freney Frame for strips Freney Frame for space curves

o
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@ Endspacer Desigh and Manufacture

Differential Geometry Model

B SEBY SASBIVEIEEEE & » %

Rapid Prototyping
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al status — Winding and curing trial

Trial design has been fixed beginning November 2009

Winding tooling has been designed and procured

39
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Fomnt fixe
fixed paint
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Horizontal Collaring

Self-locking collars

Collaring Press

Assembly mandrel
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Intermediate Milestone (The Short Model)
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Cable insulation
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al status — Winding and curing trial

Winding machine is operative at CEA Saclay

Curing press is under installation
and repair - mid March 2010
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Planning MQXC Model Magnet

5]

2010 12011
(1) Nov | Dec Jan Feb Mar Apr Ma Jun Jul AU Sel Oct Nov Dec Jan Feb Mar Apr Ma Jun Jul

Instrumented collar test

@ @ =~ ® ¢f & | o =
mp

-

15 e
5 Eomponent-procurement.—
o - ‘

18 : L )

20 ACAY IR AANRAY ||

Hi

EEE

Task

Summary ﬁ Rolled Up Progress I Group By Summary ~
Rolled Up Task spit Deadline JL

Rolled Up Critical Task External Tasks ]

Rolled Up Milestone Q Project Summary ~

Page 1

Project: MQXC_Project Critical Task

Date: Wed 1/27/10 Progress

Milestone

4/
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Collaboration Website

se-| Quadrupole (MQXC) and Cryostat

€A https://espace.cern.ch/MQXC/:

= nsors @ ISU LED engl. LEO franz.

View All Site Content

Documents
Laghook ©  Welcome - Announcements
Meetings £ This collaboration site aims at facilitated communication between the different teams and engineers involved in the
i ] ¢ i . £ th frie-th da B There are currently e
Document Library design, manufacture, and testing of the MOXC magnet for the LHC upgrade phase 1. new announcement, ¢
Info El Add new annour
Calendar :  How to use this homepage -
Announcements ¢ To request full access to this site, send your username to Stephan Russenschucki@cern.ch. Outside-CERN collaborators Calendar
) ¢ are required to create a CERN External Account here. You can subscribe to email alerts by clicking "Actions" in any of ;
b the following lists: 22/07/2009 09:00 AM
Contacts

i + Logbook: Keep track of relevant information grouped by subproject, component, and activity.
People and Groups = Meetings: Repository of meeting summaries and minutes.

« Document library: Project planning, specifications, project notes, and other documents. IHL- g inen Boept

E Recycle Bin
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Corrector Package (CP)

MCXB (B,/A,)
MQXS (A,)

MCXT (B;)
MCXO (B,)
MCXSO (A,)
MCXSS (A;)

MCXS (B;)

03/02/10

P

mcxt MCXS MCXSS | nioxs MCXBV MCXH
O MCXS
-MCXO'
\~0.5 m -~05m -~0.5m ~0.9 m ~1m ~1m )

+/-2.4 KA 1.5Tm 140 mm

+/- 2.4 KA 0.65 Tm @40 mm 140 mm
+/- 120A 0.075 Tm @ 40 mm 140 mm
+/- 120A 0.035 Tm @ 40 mm 140 mm
+- 120A 0.035 Tm @ 40 mm 140 mm
+/- 120A 0.055 Tm @ 40 mm 140 mm
+/- 120A 0.055 Tm @ 40 mm 140 mm

en TE-MSC-ML 49
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@m Correctors in Q2

Q3 Q2b Q2a Q1

=== D ==
MQXC MCXBV MQXC MQXC MCXBH MQXC
(MCXBHV?) (MCXBHV?)
10 m
% ) \1..1.3m 7 m 7 m 1..1.3m/ . 10 m o

= Base-line (HV and VH) orbit corrector scheme allows controlling the orbit to a level 3 times
larger that then BPM resolution.

= Toreach the same level as the effective BPM resolution :
— Provide 1.5 Tm (1.8 Tm) in H&V-plane in BOTH locations.

— Feasibility study underway on combined H/V-corrector that meets the reliability
requirements (Report by Mid-2010 + Model work..)

= An exira H/V pair means:
— Magnet R&D, material R&D, design, component & tooling procurement

— Additional powering and protections circuits

REF: S. Fartoukh, R. Tomas, J. Miles: “Specification of the Closed Orbit Corrector magnets for the NEW Inner Triplets”, sSLHC Project Report 030
03/02/10 M. Karppinen TE-MSC-ML 50
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AT, February 4, 2010

Original specifications

Pole tip radius
Reference radius
Integrated strength
Max. overall length

Current

70

40

0.138

0.5

100 or 600

mm

mm

Tm

Ciemalt

Centro de Investigaciones
Energéticas, Medioambientales
y Tecnolégicas

5101



AT, February 4, 2010

= Calculation results
= 600 Amps, 32 turns, 19200 A-turn.
= 5.84x5 mm coil, 0.73x1.25mm NDbTi wire (1.6 Cu/Sc)
= 210.7T/m2,0.337 T @ 40 mm. WP=54.3 % @ 1.9K
= Inductance: 0.028 H/m, 5.15 KJ/m stored energy
= Non-linearity in the load line: 0.2 %
= 2D field quality (104 units):
b9: -0.0075
b15: -0.066 - B
b21: -0.003 VB W M T e E
= Integrated strength: 0.1387 Tm
= Effective length: 0.41 m
= Peakfield (3D): 2.19T
= Ironlength: 392 mm

= Iron weight: 126 kg *\/

= 3D field quality (104 units): 2
b9: 0.172 : /
b15: -0.059 S
b21: -0.001 [ i

Stephan Russenschuck, CERN TE-MCS, 1211 Geneva 23
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[Btot| (T)
Time (s): 10.

2339
2216
2.093
1.969
1.846
1.723
1.600
1.477
1.354
1231
1.108
0.985
0.861
0.738
0.615
0.492
0.369
0.246
0.123

NERRREER

!

ERENRAEEE. Lo

A Aan  4n  eA  an  4An 4An 44n 4eA 46n AAR AnA Aan Aen Ana 300

Rel. field errors (units 107
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13.
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11.
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03/02/10 M. Karppinen TE-MSC-ML

T/m

kd
mH

mm

mm

kg

21
0.64
2400

8.8

3.0
44 %

4.37/0.845

1.2
~0.9
0140
~500

53
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g T

900
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Y

1 New 4.37 mm cable & Polyimide insulation Field strength 0.65 Tm
Single layer coils Gradient 25.5 T/m
» Self-supporting collars Operating temp 1.9 K
Single piece yoke Current 2.4 kA
Inductance 3.3 mH
Cour‘[esy of G. Villiger
03/02/10 M. Karppinen TE-MSC-ML 54
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M. Karppinen TE-MSC-ML

Tm

kJ

mH

mm

mm

kg

1.5

2.3

0.65

2400

28

10

50%

4.37/ 0.845

~1

2140

~2000

55
55



New 4.37 mm cable & Polyimide insulation
Self-supporting collars
Single piece yoke

CERN TE-MCS, 1211 Geneva 23

Stephan Russenschuck

Field strength 1.5 Tm
Operating temp 1.9 K

03/02/10 M. Karppinen TE-MSC-ML

Current 2.4 kKA
Inductance 10 mH
56
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@m 18-Strand Cable

Cu:Sc 1.75 No of strands 18
Strand diameter 0.48 mm Metal area 3.257 mm?2
Metal section 0.181 mm?2 Cable thickness 0.845 mm
No of filaments 2300 Cable width 4.370 mm
Filament diam. 6.0 Hm Cable area 3.692 mm?2
™
<I(5T,4.2K) 203* A Metal fraction 0.882
(O}
éic 3085* A/mm?2 Key-stone angle 0.67 degrees
é Inner Thickness 0.819 mm
%) .
© *) extracted strand March -09 Outer Thickness 0.870 mm
n
|_
Z
o
LUl
&)

~Polyimide Insulation: 2 x 25um + 55 pm
gTriaI cabling length (~100 m) done!
sinsulation trials & characterization in progress..

03/02/10 M. Karppinen TE-MSC-ML 57 -
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= Parameter list Oct-09..Jan-10
= Magnetic and mechanical design Nov-09

=> Fabrication drawings May-10
=> Trial coils Jul-10
= Mechanical model May-10 & Jul -10
= Model magnets completed Dec-10
© > Technical specifications Mar-11
§ = Industrial contracts Jul-11
% Pre-series magnets Jul-12
g = Series production Sep-12 .. Dec-13
=
i
=
fi 03/02/10 M. Karppinen TE-MSC-ML 58
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