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9] CASE STUDY : congratulations
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In general well understood i DesiznRepori

Particle electron
Design Energy 3 GeV
Deflection Angle 0.174533 rad
Max. length available 2.2m
Flux Density 1746 Tm
Integrated Gradient 4587
Integrated Sextupole Component 18 T/m
Good Field Region +/- 15mm in x
Vacuum Chamber 48x19.6mm
Max. Temperature Rise 11K
Max. Pressure Drop 7 bar
Repetition Rate 3 Hz
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Magnet Requirements:

Todesigna combined function magnet with the following properties for a clockwise electron booster
synchrotron:

Integrated Dipole Component: -1.74625Tm

Integrated Defocusing Quadruple Component: 458 T

Integrated Defocusing Sextuple Component: 18T/m
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The proposal for this magnet is thatit havg a magnetic length of 2.00m withan average gap of 0.03m.
This means a peak field of 0.B73T, whichis produced with 16 windings per pole. The windings will
comprise sguare copper, 18mm on a side, with a central cocling channel of 5.5mm radius. This
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corresponds to a copper cross sectionof 22B.9mm?®. Assuming a maximum current of BO0A (nominal Marinrm fornilskln Cormnt BOD A
current of 6674), for this coil dimension, the maximum reguired current density will be 3.54/mm~2. Marinmm Tanpestore Bw AT dagremn
Mxiomm e Tras Thar

Tabils LI Heoume spmix

1.2 Magnet Cross SBection
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Parameters Units Value 1 —
Beam Energy GeV 3 . © e o
Field Integral Tm 1.75 eyt st o e s o e e el e
Field Gradient Integral T 4.58 T e s b s b s . S .8 e oo i
Integrated Sextupole T/m 18

Bending Angle ° 10 i

Central Gap mm =19 6mm

Maximum Length of Iron m 2.2

Maximum Length of Magnet m 2.5

Maximum Extent of Coil mm 150

Maximum Temperature Rise °C 11 rm e ——

Maximum Pressure Drop bar 7

CAS : Magnets

D.Einfeld, N.Marks, D.Tommasini, T.Zickler : Case Study

Bruges, 16-25 June 2009



In general too few details on coil design, with three exceptions

Extreme case 8 mm cooling channel : pressure drop only 1.4 bar
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Final cross check of parameters sometimes missing
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Sometimes magnet size could have been better optimized

IB=08T:1=22m: 360x200 mm B=12T;L=15m; 270%400 mm
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CASE STUDY : magnet cross section

Pocket magnets
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CASE STUDY : numerical field analysis

Optimization of cross section Field error
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CASE STUDY : numerical field analysis
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Iustration 3. Field and field quality in the magnet median plane Dustration 4: fhox lines

Magnetization of the yoke is in the 1.2-1.5 T (illustration 5). Magnet efficiency is about 96.5 %
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Different formats

Magnetic Properties

CASE STUDY : design parameters

Important parameters sometimes missing or wrong :
* electrical resistance
* supply voltage
e pressure drop
* magnet weight

Parameters Units Nominal Values 15% Extra
Beam Energy 3GeV Beam Energy GeV 3.00 3.45
Central Field 12T Field Integral Tm 175 2.00
Field Gradient 3.15 T_.fm Magﬂetl(‘ Arc Lethh m 272 22
Sextupole component 12.4T/m? Magnetic Field at Centre T 0.79 0.91
Effective Length 1454 m Central Field Gradient T/m 2.10 238
Mechanical Properties Central Sextupole T/m” 8.1 937
Bending radius Ry 8.333m Component
Bending angle, ¢ 10° Curvature Radius m 12.6 126
Centraigap, h 22 mm Central Gap mm 26.0 26.0
Length of yoke 1.430m Total Ampere Turns - 16420 18880
Coil and conductor Total Turns - 72 72
Numberof coils 2 Peak Current A 228 262
Numberof pancakes percoil 2 Conductor Cross Section mm 9x9 9x9
Number of turns per pancake 8 Conductor Cooling mm 35 35
Conductor size 15 x 15mm = 225 mm? Channel Diameter
Cooling channel diameter 8 mm Total Number of - 6 6
Numberof ampere turns per coil 11057 Pancakes
Current 691 A Magnet Resistance Q 95 95
Current density 3.95 A/mm? Magnet Voltage at \Y 21.7 25.0
Resistance ot 23 degrees C 12.6 mQ Maximum Current
Inductance 9.7 mH Average Power (AC) kW 25 33
Voltage Drop (whole magnet) 127 Inductance mH 69 69
Power 4.515 kw Cooling Fluid Velocity m's 095 1.25
Cooling Pressure Drop bar 287 4.67
Maximum At 10° Temperature Rise °C 11 11
Nominalinput temperature 23°
Numberof cooling circuits per coil 1
Max pressure drop (mognet 1.44 bar

overali)
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SATISFACTORY
- to
GOOD

To improve

 schematic representation of a magnet
e representation of cooling circuits
* magnetic modeling, in particular setting boundaries
* the optimization loop, in particular pole width, magnet size, reduce iron saturation
» mastering certain fundamental concepts :
* magnetic energy : what is, how to compute
e inductance : what is, how to compute
e powering : resistive and inductive voltage, effective current
* magnetic field quality and errors : practical use of field harmonics
e the compilation of a magnet design report
e cross check the results
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