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Introduction

Motivation

A Currentnon-superconductingnagnetsproduce3.2 T ¢> Photonswith criticalenergy19 keV

A Newhigh-energyx-ray tomographybeamlinec> Needfor criticalenergyof at least39 keV

A CNPEMs entering the field of superconductingmagnetsc> Designof a 6.4 T superconductingdipole
(CERMNCNPEMgreemeny

Designgoals

A Matchthe integratedfield andintegratedgradientof the BCdipoles

A Useof warm bore vacuumchamberfor NEGcoatingc> Gshapedmagnet

A Useof NbTiwires¢> well-knownand documented widelyemployed commerciallyavailable
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Electromagnetic Design

Studied coil designs _ _ o _
Studied coils magnetic field profile

Single Coll ToH Coils 1
o Electromagnetic Design Parameters
E_,. Magnetic gap 30 mm
E " Bare wire dimensions 0.80 mm
5. - Cu/NbTi ratio 1.4
E Engineering current density 254 A/mm?
Concentric Coils Conic Caoll = :
£ Operating current 128 A
@ —5 1 — Single Coil o
> | = ToH Coils Critical currentd) @ 5K, 7.6 T 772 A/mm?
—6 1 —-= Concentric Coils | ; )
—-- Conic Coil Loadline margin 79% ofl @ 5 K
—7 T T 1 1 1 T T
-200 -150 -100 =50 0 50 100 150 200
Longitudinal Position [mm]

A Different coil designswere studied SingleCoil, ToH Coils,ConcentricCoilsand ConicCoil -> Similarresults between
designs> SingleCoilchosendueto its simplerdesign

A SingleCoil -> dimensionsand materialsoptimized Bestdesignchosenbasedon ¥ A Sifitddsty LIS I FWHMand
integratedfield
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Electromagnetic Design

A Permanentmagnet low field dipoles added on each
side of the superbendto matchthe integratedfield of
the BCdipoles

A More studies are needed to match the integrated
gradient of the BCdipoles and suppressthe positive
portion of the field

A The stronger peak field and different longitudinal
gradientwould require a machineopticsredesign

Magnetic field along the beam axis

—— BC Dipole
1 —— Superbend (Single Coil)
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Vertical Magnetic Field [T]
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| BCDipole | Superbend (Single Coi

Integrated Field [T.m] -0.7507 -0.7507
Integrated Gradient [T] 6.2508 1.8915
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Mechanical

A Replaceone BCdipole -> smaller than
900mm

A Gshaped topology -> warm and
disconnectecbeamchamber-> Goodfor
NEGcoating

A LHetank -> buffer in caseof qguenchand
speedscooldown

A Vacuumpressure<=10° mbar

10.0 mm

50f9

and Cryogenic

(2 stages ->45W @ 50 Kand 1.5 W @ 4.2 K)
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Dimensions400 mm length, 740 mm width, 1012mm height ) cxwenm

Designs

Half Sectionview of the magnet

<«—— Current Leads

(Hybrid-type: resistive part -> bronze;
HTS part -> HTS-110 CryoSaver™)

Cryocooler ———

External

LHe Refilling Tube Cryostat Vessel

LHe Tank

(316L stainless steel)

Yoke

Recondenser

50 K Thermal
Shield
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Holmium Pole

Superconducting Coil
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Mechanical and Cryogenic Designs: Structural Analysis

A Externalvessel>12 mm thicknesswith reinforcementbars20 mm thick -> max deformationof 0.7 mm
(lateralcovers)andstressbelowY | O S Nigld £ Q&
A BarsalsoreinforceGshapedregion->4 mm thick (spaceconstraints)}> max deformationof 0.7 mm
A | 2 | tBiek@esschosento be 180mm ->max deformationof 0.3 mm towardsclosingthe gap

5

Externalvesselc total deformation

B: Yacuum Vessel

Yokeneckc thicknessopmization

Total Deformation 1 * ‘ 400
Type: Total Defarmation
Units rmm
Tirne: 1
telaec: 068898
bir 0 'g'
0541172001 1417 £ 0.75 1300 @
= o
0,68898 c =
061243 -% @
0,53588 & @
0,45032 S =
0.38277 D 0.5 Neck thickness 200 UJ
0,30622 A =
-
0,22066 — ~ =
0,15211 g ]
0,076554 2 - ¥
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Mechanical and Cryogenic Designs:. Thermal Analysis

A Steadystateanalyzego determinethe heatflux throughcomponents
A Thermalshield@ 50 K->max temperatureof 53.4 K

A LHetank positionedon the top presentedbetter results-> max temperature of 4.9 K (bottom
coil)

Yokeand Coils¢ temperature distribution ThermalShieldg temperature distribution
Summaryof calculatedheat loads

(W) (MW)

Supports 1.60 200
Currentleads 16.22 35
Radiation 4.12 51
Total 21.94 286

C: Thermal Shield
Temperature 4
Type: Termperature
Unit: K

Time: 1

Max: 53,419

B: Top Tank
Temperature 2
Type: Termperature
Unit: K

Time: 1
03/11/202111:14

Min: 49,997
05/11/2021 14:04

48161 Max
47923
4,7635
4,7448

4721

46072
46735
4,6497
4,6259
4,6021 Min

Cryocooler
capacity(x2)

90.00 3000
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Quench Protection  Design

A Useof an externaldumpresistorto promote an activeenergyextractionin caseof a quenchevent

A Monitor voltage acrossthe coil and comparewith pre-determined values-> imbalancebridge and
over-voltagecircuits-> further studyfor afinal specification

A Hot-spot temperature during quenchestimatedby the MIITScalculation-> two scenariosstudied ->

temperaturesbelow40K

Active energyextraction concept

Opens during

energy extraction%

AW —

C) Rdump
Power

supply Imag

unench(t)

Supercond.

Two scenariosstudied

lhom: 90 A lhom: 90 A
L=14H L=7.7H

Stored Energy (kJ) 56.7 40.1

Dump ResistorK) 6.67 5.9

Time constant (s) 2.1 1.3
MITS/cnt (ty, = 0.1 S) 149.3 125.8
Max. Temperature {C) <40 <40
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Summary

A Different coil designswere studied -> Minor differenceswere found in the LJS | FV@HM and
Integratedfield -> SingleCoilwaschosendueto its simplerdesign

A Permanentmagnetiow field dipolesaddedon eachsideof the superbendo matchthe integrated
field of the BCdipolesandsuppresghe positiveportion of the field

A More studiesare neededto matchthe Integratedgradientof the BCdipoles

A The stronger peak field and different longitudinal gradient would require a machine optics
redesign

A Mechanicaland cryogenicdesignsare successfuin maintainingstructuralintegrity while keeping
the temperature of the superconductingoilsbelow 5 K Theestimatedheat loadsare within the
capacityof the cryocoolersput further studieswith more componentswill be done. Basedon the
currentresults,the cryocoolerswill haveenoughcoolingpower for the system,and maybeone of
them canbe usedasa safeguard

A Afirst approachthat usesan externaldump resistorwas proposedfor the quenchprotection, but
adeeperstudyneedsto be donefor the final solution
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