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{p}Gev/c = 0.3{Q}e{R}m{Bo}r
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Tevatron Dipole
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LHC Two-in-one Dipole
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= Conventional magnets
— Important ohmic losses require water cooling
— Field is defined by the iron pole shape (max 1.5 T)
— Easy electrical and beam-vacuum interconnections
— Voltage drop over one coil of the MBW magnets = 22 V

= Superconducting magnets
— Field is defined by the coil layout
— Maximum field limited to 10 T (NbTi), 12 T (Nb;Sn)
— Enormous electromagnetic forces (400 tons/m in MB for LHC)
— Quench protection system required
— Cryogenic installation (1.8 K)
— Electrical interconnections in cryo-lines
— Voltage drop on LHC magnet string (154 MB) 155 V

Stephan Russenschuck, CERN-AT-MEL
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i@ii Comparison (EM-Design) “ i.fci.;;;

= Conventional magnets

— ldeal pole shape known from potential theory
— One-dimensional (analytical) field computation for main field

— Commercial FEM software can be used as a black box
(hysteresis modeling)

=» Superconducting magnets
— Decoupling of coil and yoke optimization
— Accuracy of the field solution
— Modeling of the coils
— Filament magnetization

— Quench simulations

Stephan Russenschuck, CERN-AT-MEL
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Electromagnetic Fields

SI-unit Relation SI-unit
1A Vim(s) = [H-ds | 1A-m~*
1V U(s) = [,E-ds 1V-m~—1

1V-s | ®(a)
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1A s QV)
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Global physical quantities Local vector-fields

BecV(Q) =C*(QeE3 V) B:Q2Q—Vz:P— B(P)
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‘@q Inner and Outer Oriented Surfaces
J,Jd -da =[5, H-ds
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AN

Embedding into oriented
ambient space
(Origin, coordinates)
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‘@:Aq Magnetic Discussion (Bruno Touschek 1921-1978)
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Outer oriented space elements
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‘@q The Grad, Curl and Div Operators
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Maxwell’s Facade
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Az(r.@) =Y (Enr"+ Far")(Gnsin ng + Hn cos ng)

n=1
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Imaging Method
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The Field of a Line Current
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Field Components
@] ;

Ns n-1
Bn(rg) =— o Dn (1+”r 1{ d )zn) cos no;
i=1 2 I Hr+ 1 HYoke

Influence of the iron yoke (non-saturated)
ri=43.5 mm, Ryge =8 mm: B; -19%, Bs-0.07%
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The FODO Cell
@]

1069 m

Fem |

23 Arc cells plus 8 DS cells (154 dipole magnets)
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‘@q The LHC Excitation Cycle

Stephan Russenschuck, CERN-AT-MEL
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@ Rutherford Cable, Strand, NbTi Fil “ iﬁfi‘:.::t
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Coil Block Approximation
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Sensitivity to Manufacturing Errors
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pn-l N _
Bn(rg):—u“f’r“ (1 ,u, be 0 }”)cnsn@;

2n p}:"'-' M+ 1 H‘l’ukﬂ
dBn(r) _ polinrg™ i 2n\ o
90, -~ an rm 1+ (RYnk.a) sin NE,
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Increase of the azimuthal coil size by 0.1 mm produces (in units of 107):
bl =-14, b_; = 1.2 bjﬂ{}.{}:f

Specified tolerances on coils: = 0.025 mm
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@ Transient Effects in Accelerator Magnets
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Collared Coil Field Problem

Collared Coil
Measurements
in Industry
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@ Transient Effects in Accelerator Magnets
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Flux Creep and the Critical State Model (CSM)
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Ec=1uViem J(5T.42K)=3-10°Am* n(1.8K,4T)=50
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‘@q Magnetization in LHC Strands
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‘@q Field and SC Magnetization
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@ B, Contribution from Transport Current and Magnetization
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I@q The LHC Magnet Zoo AWM Tomoon

Stephan Russenschuck, CERN-AT-MEL

61



Accelerator
‘ Technology
. Deparument

Corrector Magnets
$ :

Octupole

Sextupole-spool pieces
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@q Quench Analysis (Fuse-Blowing Mec

Stephan Russenschuck, CERN-AT-MEL
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I@q Resistivity as Function of T and RRR “ S
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