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Introduction

Nesteddipolesprovideorbit
correctionin H&V planes.

Nestedcollaringstructure to 
hold largetorque (132 kNm/m) 
and precompressthe coils.

Vertical  
dipole field

(2.1 T)

Horizontal 
dipole field
(2.1 T)

Combined dipole field
(Variable orientation)

Abstract: Two types of nested orbit correctors are

necessaryfor LHC upgrade, the so-called MCBXFAand
MCBXFB. They share the same crosssection, but feature
different lengths, 2.5 and 1.5 m, respectively. The power
tests performed on two MCBXFBprototypes showed
excellentperformancewhen individuallypowered,but the
trainingto reachnominaltorque in combinedoperationwas
very long. Moreover, memory was lost after torque
directionreversal.
A detailedanalysisof the power test resultsconcludedthat
the origin of the problem was insufficient support for the
torque at the inner dipole coil ends. A fine tuning of the
inner dipoledesignisproposedto improvethe performance
of both types of magnets. This poster describes the
analyticaland numericalmodelsdevelopedto analysethe
problemandtheir results.

Inner Dipole DesignTunningProposal SimulationResults: Detailed Inner Dipole Inner LayerModels

[1] L. Rossiand O. BrüningΣ ΨIƛƎƘ LuminosityLargeHadronColliderA descriptionfor the EuropeanStrategyPreparatoryGroupΩΣ /9wbΣ Geneva, 2012. 
[2] E. TodescoŜǘ ŀƭΦΣ Ψ! FirstBaselinefor the Magnetsin the High LuminosityLHC InsertionRegionsΩΣ L999 Trans. Appl. Super-cond., Jun. 2014.
[3] J. A. García-aŀǘƻǎΣ CΦ ¢ƻǊŀƭΣ ŀƴŘ tΦ CŜǎǎƛŀΣ ΨMagneticand MechanicalDesignof the NestedOrbit Correctorsfor HL-[I/ΩΣ L999 Trans. Appl. Super-cond., 2016.
[4] J. A. Garcia-aŀǘƻǎ Ŝǘ ŀƭΦΣ ΨDetailedMagneticand MechanicalDe-signof the NestedOrbit Correctorsfor HL-[I/ΩΣ L999 Trans. Appl. Super-cond.,  2018.
[5] J. A. Garcia-aŀǘƻǎ Ŝǘ ŀƭΦΣ ΨEngineeringDesignand Fabricationof the NestedOrbit Corrector Prototypefor HL-[I/ΩΣ L999 Trans. Appl. Supercond., 2019.
[6] J. A. García-aŀǘƻǎ Ŝǘ ŀƭΦΣ ΨPowerTestsof the FirstNestedOrbit Corrector Prototypefor HL-[I/ΩΣ L999 Transactionson AppliedSuperconductivity, 2020.
[7] J. A. García-aŀǘƻǎ Ŝǘ ŀƭΦΣ ΨFabricationand PowerTest of the Sec-ondMCBXFB NestedOrbit Corrector Prototypefor HL-[I/ΩΣ L999 Trans. Appl. Super-cond., 2021.
[8] CΦ aŀǊǘƛƴǎ WŀǊŘƛƳ Ŝǘ ŀƭΦΣ ΨAnalysisof powertestson lastMCBXFB magnetprototypesΩΣ presentedat this conference, Japan, 2021.
[9] ROXIE Codefor anElectromagneticSimulationand Optimizationof AcceleratorMagnets. Available: http://cern.ch/roxie
[10] Richard G. Budynasand Ali M. Sadegh, wƻŀǊƪΩǎFormulas for Stress and Strain, Ninth Edition, Ninth edition. New York: McGraw-Hill Education, 2020.
[11] ANSYS Inc., Ansys 2020 R2. [Online]. Available: www.ansys.com
[12] SimuTechGroup, Howto CreateVariable ForceLoadsin ANSYS WorkbenchMechanical, Available: https://www.youtube.com/watch?v=auZ4Hda24us
[13] J. A. García-aŀǘƻǎ ŀƴŘ CΦ ¢ƻǊŀƭΣ ΨSimulationresultsof the designiterationΩΣ Geneva, Switcherland, Nov. 12, 2020. Available: https://indico.cern.ch/event/973841/

SimulationResults: SimpleGeometries
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P1 & P2: Changing the torque 
direction required additional 
training beyond 30% torque to 
reach nominal operation.
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Main origin of the 
quenches was inner 
dipole heads.

Cause: Inner dipole head 
plastic deformation, due 
to excessive azimuthal 
displacement [8].

Longitudinal 
deformation 
is greatly 
reduced by 
inner dipole 
shortening  

Maximum azimuthal displacement is 
reduced 50% by shortening the ID.

Assuming all parts have 29 Gpa, provide 
pretty accurate resultsfor original 
endspacers models.

Original design using 15 GPa cableshas 
25% more azimuthal deformation(Worst 
behaviour of P2at power tests)

Longer endspacer legsreduce maximum 
azimuthal displacement 70% vs original 
design, 50% with respect to not using 
them in a shorter inner dipole.

Conclusions
This inner dipole shortening has been analysedanalytically and
through FEM. All the results indicate that it is an effective way to
reduce azimuthal displacementand shear stress at inner dipole
heads. Endspacerleg elongationhas also been proven beneficial,
increasingheadstiffness.

After implementingthesedesignchangesat the first seriesmagnet,
its power test was completelysuccessful. Themagnetwas able to
reachall its requiredoperatingrangewithout anyretraining[8].

Longitudinally, the torque is 
approximated by a polyline

Azimuthally, the torque is 
distributed like in a 2D 
simulation
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33% reduction

15% reduction

Unsupported head 
length (L) dependence 
endorse inner dipole 

shortening

Original Inner Dipole

Shorter Inner Dipole

Outer Dipole

No torque
locking length

(Original design)

b

Torque is 
higher at 
straight 
section and 
coil heads 
for a 
shorter 
inner 
dipole

Is it really
better?

Endspacers 
legs are 
elongated 
to reach 
torque 
locking area 
in order to 
increase 
head 
stiffness

Torque locking is only 
possible at the outer 
dipole pole window 
with the collaring 
structure used. 

There is no torque 
support along 59 mm at 
each end of the inner 
dipole pole window due 
to its shorter heads.

Torque redistribution:

Equal length of inner 
and outer pole windows

Parameter ID OD Units

Nominal individual field 2.11 / 2.36 2.22 / 2.24 T

Nominal combined field 3.07 / 3.25 3.07 / 3.25 T

Field integral 2.5 2.5 Tm

Nominal current 1580 / 1755 1430 / 1435 A

Pole length 946 / 828 828 mm

Coil length 1342 / 1224 1342 mm

Torque at the straight section 132 / 147 132 / 147 kNm/m

Original design / 
Fine tuning with 
a shorter inner 
dipole

Shorter 
design

60% decrease

P1 Straight 
section 
smeared-out 
�z�}�µ�v�P�[�•��
modulus 
assumed:
29 GPa

Same 
boundary 
conditions 

and 
simulation 
parameters

Lorentz forces 

Main goal:

Compare azimuthal deformations

A

B

C

MPa mm

Longer 
endspacer 
legs make the 
coil head 
much stiffer, 
changing the 
torsion 
deformation 
pattern. 

Peak shear stress are reduced  specially 
at wedge/endspacers and wedge/cable 
interfaces.

Shorter inner dipole + longer endspacer 
legs should be implemented in MCBXFB01


