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DIRECTION DES SCIENCES DE LA MATIERE

SERVICE DES ACCELERATEURS, DE CRYOGENIE ET DE MAGNETISME
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Cavités radiofréguence
Introduction supraconductivité

sance pour les protons du projet IPHI

Le SACK au service des grands
instruments de physique.
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SACM/accueil Quadripole en Nh35n l";_r [-‘_:f 5 |5' _ra\.fonnemeqt S.WChrOtron el la.S?r A,
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DIRECTION DES SCIENCES DE LA MATIERE

Magnet design and studies at  DAFNIA / SACM / LEDA — CEA Saclay . -

lon source magnets :
- Solenoid magnets for High intensity CW H* ECR ion source @2.45Ghz.
- Permanent magnet for 5 mA D* ECR ion source for SPIRALZ2 project
- PM octupole configuration for an ECR H- ion source at Saclay
Beam line resistive Magnets : dipoles and quadrupoles
- SOLEIL storage ring dipole and quadrupole
Magnets for corrections or diagnostics
- H+V correctors for IPHI H* ion beam
- A Wien filter for mass separation and emittance measurements
Coils for superconducting magnet
- Nb;Sn quadrupole and RMN530 solenoid interaction
DTL Quadrupole magnets
- IPHI quadrupole for DTL accelerator
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COMMISSARIAT A L' ENERGIE ATOMIQUE

DSM - DAPNIA lon source magnets :
SILHI SOURCE MAGNETIC DESIGN a

Solenoid : 15000 At Magnetic field: 2D axisymetric Model

Inside diameter: 200 mm  B__ =1600 Gauss with OPERA-2D ®
Outside diameter : 310 mm B .> 875 Gauss

Cross section :  55x55 mm? i = 2 solenoid Cnflguratn
Hollow conductor : 4x4 mm?2 s 8 | £
Hole : $2.5 mm £ I

Turn number : 144 turns o

10q0.0
T

5

;E_; ECR resonance

5 Bec=0F-Me/e
- _ 82 B=875 Gauss
= Coils @ ®,=2.45 GHz
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(e SILHI SOURCE MAGNETIC DESIGN

COMMISSARIAT A L' ENERGIE ATOMIQUE

DSM - DAPNIA lon source magnets : CW 100 mA H+ beam@95 keV

DIRECTION DES SCIENCES DE LA MATIERE
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COMMISSARIAT A L' ENERGIE ATOMIQUE

DSM - DAPNIA lon source magnets : SPIRALZ2S5 mA D ECR ION SOURCE

DIRECTION DES SCIENCES DE LA MATIERE

Spiralz

Magnetic design: 3 ring-shaped 24 per manent magnets for solenoidal field
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(M;we:)m lon source magnets : SPIRAL2 5 mA D* ECR ION SOURCE
DSM - DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

M agnet assembly
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(m lon source magnets :

COMMISSARIAT A L' ENERGIE ATOMIQUE

DSM -DAPNIA Dvpt. of an H- ECR ION SOURCE at Saclay

DIRECTION DES SCIENCES DE LA MATIERE

EXTRACTION

LANGMUIR FROGES

ALASMA ELECTROGE

ECR at ;
R=33mm

FARALAY LLP

24/Mov/2004 10:06:21 L, — TR

2p contours: HBR
51853126001

PERMANENT MACNETS \f

Magnetic design:
ring-shaped
24 permanent magnets | ECR resonance
In octupolar configuration | B__ =@,,..m_/e

B r min 1.22 Tesla B=875 Gauss

Hch min 925 KA/m —

ﬂg min 1670KA/m @ (DHF 2'45 GHZ | 5.177287E-001 ' '

BH max min 280K1/m3 - /' VE_ VECTOR FIELDS
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COMMISSARIAT A L' ENERGIE ATOMIQUE

DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

PN
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76

Olivier DELFERRIERE 100

\F VECTOR FIELDS

SOFTWARE FOR ELECTROMAGNETIC DESIGN

TOSCA / RADIA comparison

RADIA
model

24/Mow/2004 164252

Hap contows: BMOD

avec
Field

Radia et celle avec Vector

Diiference entre la carte du module
du champ magnetique faite
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40

3 ring magnets simulation : 4,

liiii"""li

Radia Main features
- Saturated iron & anisotropic materials
- Folyhedron shapes
- Straight and curved current coils
- Easy modeling and meshing
- Fast 3D visualization with QuickDraw 3D or Mathematica
- Parameterization of the models in the Mathematica Language
- Fast solving

- Semi-analytical computation of field, field integrals and forces
- Operates on MacOs and Windows 95/NT

- Authors @ O, Chubar, P, Elleaurne, J. Chavanne
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ey lon source magnets : H- /e separation at extraction

DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

TOSCA®
Pdles dimensions X,Z (mm) 20x 30
& Gap g(mm) 90
S C A L A@ Conductor section AB(mm) 15x128
Amperes-turns NI(At) 720
1 I Peak field on axis BY nax(Gauss) 75
simulations Field Integrale  [B,.dz (Gausscm) 100
Iron volume V(emd) 476
Magnetic circuit weight P(kg) 3.74

—X60.0
7

g Y-60 g Y-80.0

N
'. f’lli“\
\0““

/
—X-60.0

Component: J
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Quadrupole for SOLEIL storage r

DSM -DAPNIA

COMMISSARIAT A L' ENERGIE ATOMIQUE
DIRECTION DES SCIENCES DE LA MATIERE
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Ce:) Beam line resistive magnets : An=#+fl_2ﬁ3 (r,8)sin(n@)rdédz
COMMISSAST A LENERGIE ATGMIGLE P n2|_m L0 r

SULEIL=

SYNCHROTRON
INTEGRATED HARMONIC ANALYSIS Anneau SOLEIL - Etude extrémité du quadripole court pour G=19.7 T/im

As a function of 45° pole end chamfer Décomposltion harmoniique & R=30 mir

Optimisation de la profondeur du chanfrein d'extrémité a 45°- Pas de dégagement bobines
Optimisation du 20 péles par ajustement de la section courante

DSM - DAPNIA INTEGRATED HARMONIC DECOMPOSITION

DIRECTION DES SCIENCES DE LA MATIERE

0.0012
0.001 W Tolérance
B Chanfrein 4.0 mm - SC+0.20mm
[=] .
S 0.0008 ] Chanfre!n 4.5 mm - SC+0.20mm
S O Chanfrein 4-6 mm - SC+0.20mm
o @ Chanfrein 4-7 mm - SC+0.20mm
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o~
)
£ 0.0004
O
=
®
o
[
o
2
= T
=
© A4 AB A10
-0.0002
-0.0004
00195 Harmonique
. — - . 0 T T T T T
— Reconstitution gradient intégré avec coefficients harmoniques
0.5 1 1.5 2 2.5
— Homogénéite des intégrales de gradient
0.0145 —
— Homogénéite des intégrales de champ -0.0001
— Reconstitution champ intégré avec coefficients harmonigues
B (0 8 e R e Pl
0.0085
Quadripdle avec chanfrein de 4 mm Homogeéneité des intégrales de gradient
Section Courante surcompensée : +500 microns — Reconstitution gradient intégré avec coefficients harmoniques
-0.0003 -
— Homogeénéité des intégrales de champ
0.0045 — Reconstitution champ intégré avec coefficients harmoniques
0.0005 T T T T T T T
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s e ouc Beam line resistive magnets :

DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

INTEGRATED HARMONIC DECOMPOSITION
for SHORT AND LONG QUADRUPOLES

Anneau SOLEIL - Etude extremité du quadripole long pour G=23.9 T/m
Décomposition harmonique a R=30 mm
Optimisation de la profondeur du chanfrein d'extrémité a 45°- Pas de dégagement bobines
Optimisation du dodécapéle par ajustement de la profondeur du chanfrein d'extrémité

0.0004
B Tolérance
0 Qp court- chanfrein 4-6 mm - SC+0.20mm- 19 T/m
e e e B Qplong - chanfrein 4-6 mm - SC+0.20mm - 23 T/m |-
B Qplong - chanfrein 5-0 mm - SC+0.20mm - 23 T/m

17

0.0001

amplitude relative Bn/B2 carte 120x360

0
Ad
20,0007 oo
20,0002 esseeeeeereeseereses e
-0.0003 rrrmeeeeeee Horizontal useful area +35mm
Inscribed circle radius 33 mm
0.0004 = Octupole tolerance(saturation) 3.10%
Dodecapole tolerance 5.10%
"20 poles" tolerance -3. 104
Gradient short QP / long QP 19 Tm1/23 T.m1

OPERA-3D

Modeling
&
TOSCA

45°,
4.6-5.0

mm
chamfer
depth

0.2 mm correction
in 2D cross section
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COMMISSARIAT A L' ENERGIE ATOMIQUE

Beam line resistive magnets :

DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

A straight H-shaped dipole
for SOLEIL storage ring

SOLEIL dipole

New study after 1st APD
H-shaped and straight
@1.71 Tesla (up to 1.76)

Olivier DELFERRIERE

Useful transverse area +20 mm
Air gap 37 mm
Nominal field 1717
Tolerance on [Bd/ 5.10*
Magnetic length 1052.434 mm
Iron length 1050.74 mm
Ampere-turns nominal 26750. At
Nominal current density 2.1 A/mm?
Maximum field 176 T
Maximum current density 2.35 A/mm?
29940. At

Ampere-turns maximum

10D
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(M;Me:)m 5 i i s - A straight H-shaped dipole
eam line resistive magnets : for SOLEIL storage ring

DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

Reference trajectory and
_ transverse section definition
Optimization results :
Transverse integral field homogeneity
[Bdl-[B
[Bod

Trajectoire rectiligne HOMOGENEITE DES INTEGRALES DE CHAMP du dipdle anneau SOLEIL

tangente a R=5360
g B, i e Packing factor 0,98 - courbe B(H) ESRF
du dipéle plague de garde 6 mm a 129 mm du pdle - chanfrein d'extrémité 13.5 mm / 26.5 mm
NI=26750 At - B;=17131 Gauss

<510

| L X(mm)
| 4 ; ZONE UTILE ; ; P i
i i i = ; ; i i

-30 -25 40 -15 -10 . 5 | f . | 25 30

Intérieur Extérieur

,,,,,,,, ANNEAU i ~0:0002 ANNEAU "
o : ! ; -0:0004 ; : i :
- % H H ' H H ' H
w i H H ' H H g H
/ 8 | | | | | | | |
_ -
/ | i 5 0.001 5 ; 5 !
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(M;Me:)m 5 i i s - A straight H-shaped dipole
eam line resistive magnets : for SOLEIL storage ring

DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

. . . . Y lﬂﬁiﬁg&é&'&!‘:‘:‘!\&“ﬂ" T \‘i\::::‘::::\g
Optimization results : S
Double chamfer pole end shape ////llll” RS
optimization j

Magnetic length adjusted
to electron path in iron

Lm=1052.41 mm

RIS
SN T
RN
T Ay
T

Ve VECTOR FIEL

--------------------- HOMOGENEITE DES INTEGRALES DE CHAMP du dipole anneau SOLEIL
Packing factor 0.98 - courbe B(H) ESRF

plaque de garde 6 mm a 129 mm du péle - chanfrein d'extrémité 13.5 mm / 26.5 mm

"""""""""""""" NI=26750 At - B0=17131 Gauss

Chanfrem
d'extrémite
optimise

--------------------- L LT ST

1550 3R, TN

L(mm)

Lw=1052.41 mm _
avec Lewn=1052.43mm | ] N

10524

el . B R G I S

I e e e

26.5 135 | 18.5| 31| 100

F Y
A J
F Y
b4

-20 16 -10 -5 0 5 10 15 20
X(mm)
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COMMISSARIAT A L' ENERGIE ATOMIQUE

DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

Beam line resistive magnets :

A straight H-shaped dipole
for SOLEIL storage ring

Z.00E-05
0.00E+00 I ! ! I T T : .—.—.—_—.—.—-—.—.—f
3= m5= == Ao= I e A13= l A5= BTG A1a= m21=
SROOE-OE o o
Terme Coefficient Valeur Relatif
PR | | e | | e e e multipolaire A, B, (Tesla) B,/B,
Al -1.713678982 -1.713678982 1.00E+00
LB OO OS o= - oo e
A2 -4.73405E-17 -8.04789E-16 4.70E-16
~BOOEDE s Pl e O D timization results A3 1.05656E-06 0.000305345 178E-04
B . A4 7.69614E-17 3.78111E-13 -2.21E-13
A5 8.82767E-10 7.37296E-05 -4.30E-05
S EOE-O oo
Ab 5.40157E-18 7.66946E-12 -4.48E-12
S ADE-Da oo
A7 -8.24451E-13 -1.99002E-05 1.16E-05
R R T s A8 6.28333E-21 2.57829E-12 -1.50E-12
L s0e.04 A9 4.14966E-15 2.89471E-05 -1.69E-05
1.00E-04 A10 5.46909E-23 6.48568E-12 -3.78E-12
Bn/B1
Décomposition harmonique sur le plateau en valeurs relatives
S All -1.39621E-17 -2.81475E-05 1.64E-05
B, est la valeur du terme dipolaire au centre (-1.71 T) A12 _4.88147E-27 -167297E-13 9.76E-14
5.00E-05
Al3 3.15013E-20 1.83533E-05 -1.07E-05
Al4 6.4772E-28 6.4154E-12 -3.74E-12
Z(mm)
0:a0Ew00 = = = =5 — = = = Al5 -7.39219E-23 -1.24468E-05 7.26E-06
Al6 -8.56109E-31 -2.45055E-12 143E-12
-5.00E-05 Al7 6.7188E-26 3.26945E-06 -1.91E-06
2D harmonic analysis along beam trajectory AL8 157638-33 130405E-12 | -761E-13
Al19 -3.70321E-28 -5.20786E-06 3.04E-06
-1.00E-04
—— A20 -8.27391E-36 -1.97806E-12 1.15E-12
B5/B1
— _e7/e1 A21 3.12201E-31 1.26886E-06 -7.40E-07
-1.50E-04
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COMMISSARIAT A L' ENERGIE ATOMIQUE

DSM -DAPNIA Beam line resistive magnets :

DIRECTION DES SCIENCES DE LA MATIERE

A straight H-shaped dipole
for SOLEIL storage ring

SACM/LEDA in charge of magnet simulation in SOLEIL collaboration
but not in charge of Magnetic measurements and exploitation

Firsts

SOLEIL Intégration sur +/- 685 mm

Measurements Analyse multipolaire sur +/- 30 mm DB/B calculé a x = 30 mm
A _ Dipole 1 | Dipble 1 | Dipéle 1 | Dipble 2 | Dipole 3 | Dipole 4

Obtained by | sigmaphi | BCH15 |BCH15 |BCH15 |BCH15 |BCH15
polynomial fit Mesure | Mesure 2 Mesure
on X-Z plane 1 2
Intégrale sur 'axe | 1.8111 1.8053 1.8064 1.8057 1.7995 1.8028
(T.m)
DB/B Quadrupdle 2.810-5 [-4.510-5|8.310-6 1.0 10-5 -3.310-5 | 6.310-6
DB/B Sextupdle -4510-4 | -6.210-4 |{-5.010-4 |(-4.010-4 |-4.410-4 |-4.6 10-4
TOSCA : -1.78E-04
DB/B Octupdle -2.210-6 | 6.310-5 |2.010-5 |-3.110-6 |-1.310-5 |8.910-6
DB/B Décapdle -3.710-4 | -2.210-4 {-3.010-4 |(-3.910-4 |-3.610-4 |-3.510-4
TOSCA : -4.30E-05
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L{mm)

Ce:) . . A straight H-shaped dipole
g Beam line resistive magnets :

DSM - DAPNIA for SOLEIL storage ring

DIRECTION DES SCIENCES DE LA MATIERE

Magnetic length comparison between calculation and measurements

HOM6GENEITE DEé INTEGRALES DE CHAMP‘du dipole anﬁeau SOLEIL B D ' po Ie IS S h | fTed f rom
Packing factor 0.98 - courbe B(H) ESRF beam axis by

plaque de garde 6 mm a 129 mm du pole - chanfrein d'extrémité 13.5 mm / 26.5 mm X=-12.9 mm (hCllf SGgi 'H'Cl)
Ni=26750 At - B0=17131 Gauss |

L., longer than calculated

- ,eﬁ’ajrgm&s‘m\
10566 ——{Dipdle 2 B uhT
1.0565 ’zzzzg

Lu=1052.41 mm

! | | ' avec Lan=105243 mm | ,
4 — 10563
§ | 4059 | § | ' 1.0562 /{ji
/ | 1 1 | 1 | 10561
: : I : : : f
1 - ) : :

1.056 y=-765045x - 17115 - 483.04x" - 0.2668x - 0.7392¢ + 0.0126x + 1.0566
‘ ‘ ‘ R =0.9503
‘ i e i | i 10850 ‘ ‘ | | | | |
| | - ‘ ‘ ‘ 00% 002 0015 -00I 0006 O 0005 00 0015 002 0025
-20 -15 -10 -5 0 5 10 15 2 X (m)
X(mm
m  Calculated Measured
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(M;me:)m Beam line resistive magnets :_
DSM - DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

Firsts SOLEIL measurements on dipoles
1.0600

1.0595

1.0590
IIIIIIII
10575 -+ Is about 2.5 mm higher

han calculated by TOSCA
1.0570

at same induction level _-

IIIIIIII_I
1.0560
1.0555 —=—Dipole 2 m Dipéle 4 _-

Longueur Magnétique (m)

1.0550
1.0545
1.0540
095 100 105 1.10 115 120 125 130 135 140 145 150 155 160 165 1.70 1.75 1.80
BO (T)
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ok e Koucts Magnets for correction or diagnostics :

DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

An Horizontal+vertical dipole corrector
for IPHI 100 mA CW @95 KeV H* ion beam

.08 r(-[

Axefaisceau

Bobine horizontale L

—Y-0.06

+ Companent: BMOD 122069 128,103

1 —
Pour un B i, de 128 gauss

Ampére tours par bobine 838 At Longueur de cuivre par bobine 32.3m AB 2

Densité de courant par bobine 3.54 A/mm?2 Courant par bobine 8.2A E < 3 10

Surface de la bobine 236.8 mm?2 Tension par bobine 2.15V

Section du conducteur de 1.5mm  2.25 mm? Impédance d’une bobine 260 mQ J. B dl =18 Gauss.m

Coefficient de foisonnement 6% Puissance dans une bobine 17.6 W
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DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

3D electric and magnetic simulation
including trajectories calculation
with OPERA-3D and TOSCA

Trajectories calculation Electromagnetic simulation
-Species selection - Optimization of shielding
-Beamlet thickness (weight)
separation - Magnetic and electric

length adjustment

Fi, = K,,aBv,
with
Kin - Vi _Vn
Vl
Vl
o =—(Bl)K.
n N ( ) n

V, Velocity of non-deviated ion
V, Velocity of H* ion

| Filter length

Olivier DELFERRIERE

A Wien filter for H*,H,*,H;* separation
of SILHI H* ion source and Emittance measurement

6 Permanent magnets ( mm)
Width 25
Length 26
Height 44
Gap between two units (beam direction) 6
Gap between two units (fransverse plan) 30
Shielding ( mm)
Thickness (hottom box) 2
Thickness (else side) 4
Shim width 16
Shim height 36
Return shim length 10.5
Pole ( mm)
Thickness 5
Length 920
Width 70
Electrodes ( mm)
Thickness 8
Length 90
Width 36
Gap between two electrodes 6
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Ce:) Magnets for correction or diagnostics :

COMMISSARIAT A L' ENERGIE ATOMIQUE

E@MMM;EDAPNM SILHI Wien filter for H*,H,*,H;* separation
B 3 Y
L Z4.0 /
% % | z6.0 i) I,ssrammz \ \
- = 2‘ V" VECTOR FIELDS
Electrical characterigtic Magnetic characterigtic It is composed of a 0.2 Tesla window-
Power supply +3000V Magnetic meterial NdFeBo frame magnet and 2 electrodes inside
Maximum electric field 1IMV/m  H. H>B800kA/m | With  adjustable  voltage. ~ The
Space between two plates 6 mm B, B>11Teda permanent magnets are separated in 6
Minimumseparationangle  S50nmrad  Magnetic fied 0.1936 Teda S ll;lor _ll?ﬁter pump'gg i ;@S'er
Ed/E~BAB, 09m  Airgp 44 mm aseambly. T 1€y are put between 2 iron
Integrals : : plates (poles), and all the system is
: . enclosed in an iron box for magnetic
E+ectr0(.:ieyoltages. Runr.Ing parameters shielding. The magnetic length is
H 1$rqtl!ne +2820V  Maximumenergy  100KeV adjused by shimming at filter
H, grait line +2000V Sarpler hole ¢ 0.4 mm entrance and exit, and equal to the
H';gtrait line +1613V  Acceptance +5.10° rad electric length.
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DSM -DAPNIA SILHI Wien filter for H*,H,*H,* separation

DIRECTION DES SCIENCES DE LA MATIERE

Permanent [xe Shim
magnet W’o ) kZ—WZ(),
S 1\ Z7000
i ‘ _ oY% | z%0p
P i Electrodes
. h :‘f
= o
B ¥
V¥ VECTOR FIELDS Shim °
Permanent w0
Beam magnet
stop Pole Shielding
CEA/DSM/DAPNI d’Etudes des Accelerateurs
wire
&
electron  Emittance Measurement Unit device description
catcher - 0.2 mm diameter tantalum sampler managed in a water cooled copper bloc
- permanent magnet Wien filter with adjustable electric field
- wire for beamlet intensity measurement
- Polarized plate in front of the wire minimizes the secondary electron effects
- The sampler crosses step by step (as low as 0.1 mm) the beam along a diameter
by stepping motor
Electrode : : -
0.2 mm aperture - Automatic procedures allow emittance measurements within less than few
tantalum sampler minutes
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DSM -DAPNIA Coils for superconducting magnet :

DIRECTION DES SCIENCES DE LA MATIERE

Nb,Sn Final focusing quadrupole magnet for TESLA :
Prellmlnary conceptual magnet design for interaction region (e*/e- @250 Gev)
LHC-like quadrupoles + large solenoid

OPERA-3D/POST calculation: 3D simulation of coils :

-Magnetic field -Quadrupole coils Including connections and
-Lorentz forces transition petwgen the 2 layers
(B 2241 - + Solenoid coils ey
(722} 180

Coils I W

5\ ,"’
Ve < N\ 7
/ s M Collars
{ 20+ %
N, i
: . / } ' i f ' & } : " |
AL N s -80 5 -20 20 0 80
1 A/' ‘\. ] f)
L v B
i J: e 20T
i - v \ 3 i

Inertia
tube

X
4

801
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DSM -DAPNIA Coils for superconducting magnet :

DIRECTION DES SCIENCES DE LA MATIERE

Study of 1m long LHC-like Nb,Sn quadrupole (250 T.m)

surrounded by RMN530 solenoid* (2 T)

Cable cross section :

36 x 0.25mm strands
Minor edge 1;=1.362 mm

Major edge 1,=1.598 mm
Quadrupole field simulation | — I2 Width L=15.1 mm

L

One coil simulation :

2861 8-node BRICKS
(OPERA-3D conductors)

- Node coordinates of each
Cross section are converted
into conductor file (.cond) by
external interface program

- Conductors are loaded by
.comi files into OPERA-3D

Quadrupole calculation :

Replication by rotation

* Large superconducting magnet build by CEA for NMR spectroscopy studies on humans at ORSAY hospital - France
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DSM -DAPNIA Caoils for superconducting magnet :

DIRECTION DES SCIENCES DE LA MATIERE

Nb,Sn quadrupole (250 T.mt) Quadrupole field simulation

22/0ck/2004 10:25:32

~___

;;‘ —
— 18 8-node BRICKS

for the two layers 11 8-node BRICKS
transition for connections
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DSM -DAPNIA Caoils for superconducting magnet :

DIRECTION DES SCIENCES DE LA MATIERE

22/0ct/2004 11:1

RMN530
Solenoid
(2T)

1430

V- VECTOR FIELDS

RNM530 solenoid with
Nb,Sn quadrupole inside

- Main coil parameters

1950

SECTIONS : central Tateral
Winding diameter mm 670 670
Axial Tength mm 200 155
Center position mm 110 377
Turn number 1904 3570

i i g

. Central field 2T

Peak field 7t
Rated current 200 A

0
J===L | | ¥ = Inductance 45 H
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DSM -DAPNIA Coils for superconducting magnet :

DIRECTION DES SCIENCES DE LA MATIERE

RMN530 Solenoid + Nb3Sn Quadrupole B, ., Qpole + Solenoid
mo

Field calculation results \'
Solenoid simulation I
Field B, on axis
20 |
18 “ Bmod onle
16— 15
14— 0
2= RMN5S30 :/ =200 A QPole : 1=11870 A \

B=2.005T

G=210.06 T.m? “\

08 10.0 10.0 10.0 10.0 10.0
100 100 100 100 100

0B 4300 R0.0 160.0 4800 B00.0
04 Quadrupole simulation
02 Field B, 4 Off axis at :
0.0 —

>\<{ 00 0.0 00 00 0.0 0.0 X_lo mm

7 200 o i o ol il Y=10 mm
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Calculation of forces in conductors : F =jJ ABd7t

Typical post-processing results : Lorentz force components at each centroid

of each cross section of each 8-node brick conductor Because each
At 30.6175925 18.3454225 -515.383854 force = 96.5374942596389 -97.950520904347 -19.630795677998 conductor has
At -18.3454225 30.6175925 -515.383854 force = 90.6077490163124 103.110091884179 -19.105527790665 )
At -30.6175925 -18.3454225 -515.383854 force = -96.537494259639 97.9505209043473 -19.630795677998 a rotational
At 18.3454225 -30.6175925 -515.383854 force = -90.607749016313 -103.11009188418 -19.10552779066

symmetry (-4)

Total force on coil 2 =-3.6948E-13 -1.4211E-13 -77.4726469 N

Total torque on coil 2 =-8.1855E-11 1.72804E-10 -19221.6599 Nmm

At 30.22806 19.00907875 -517.606129 force = 105.986311273746 -118.31202192674 -80.692035056847
At -19.0090787 30.22806 -517.606129 force = 95.2518995281092 136.204169473935 -78.561775989032
At -30.22806 -19.0090787 -517.606129 force =-105.98631127375 118.31202192674 -80.692035056847
At 19.00907875 -30.22806 -517.606129 force = -95.251899528109 -136.20416947394 -78.561775989033
Total force on coil 3 =-3.8369E-13 -3.6948E-13 -318.507622 N

Total torque on coil 3 =-1.2733E-10 1.54614E-10 -22549.6294 Nmm

Lorentz forces calculation is done automatically using .comi file
with OPERA-3D/PostProcessor

Then results are transferred to
3D mechanical program, CASTEM (CEA code),...
to optimize all the mechanical assembly of the magnet
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DSM - DAPNIA Coils for superconducting magnet :

DIRECTION DES SCIENCES DE LA MATIERE

/calcul Forces de Lorrentz
/0. Delferriere

Som 1m Foroe-Lanentz da Command file .comi for Lorentz forces calculation

$os rm bobine-gpole.cond

COLOUR OPTION=LOAD LABEL=Background

COLOUR OPTION=SET RED=255 GREEN=255 BLUE=255

COLOUR OPTION=LOAD LABEL=Text

COLOUR OPTION=SET RED=0 GREEN=0 BLUE=0

WINDOW AXES=NO

$FORMAT 1 expo 12

$FORMAT 2 STRING 2 STRING=""*

$FORMAT 7 STRING 41 STRING="Force de Lorrentz au CDG du conducteur n*'

/

$open 3 Force-Lorrentz.dat WRITE

/

UNIT LENG=MM FLUX=TESLA FIEL=AM SCAL=AMP VECT=WBM DISP=CM2 ELEC=VM COND=SM CURD=AM2,
FORC=NEWTON POWE=WATT ENER=JOULE

SET JCOIL=YES

/Chargement des conducteurs: CO n d u Cto r

-
$COMI D:\USERS\DELFERRI\VF\Nu-Fact\cond\Définitif-L 1m\chargt-couche-interne.comi MODE=CONT H
$COMI D:\USERS\DELFERRI\VF\Nu-Fact\cond\Définitif-L1m\chargt-couche-externe.comi MODE=CONT | O ad I n g
CONDUCTOR ACTION=IMPORT FILE=D:\USERS\DELFERRI\VF\Nu-Fact\cond\Définitif-L1m\chgt-couche45.cond

CONDUCTOR ACTION=IMPORT FILE=D:\USERS\DELFERRI\VF\Nu-Fact\cond\Définitif-L1m\S-extremite.cond

CONDUCTOR ACTION=IMPORT FILE=D:\USERS\DELFERRI\VF\Nu-Fact\cond\Définitif-L1m\S-ext1.cond
CONDUCTOR ACTION=IMPORT FILE=D:\USERS\DELFERRI\VF\Nu-Fact\cond\Définitif-L1m\S-ext2.cond C u rre nt

CONDUCTOR ACTION=ADD, | COND LABEL=ALL_CONDUCTORS

$CONS #IC 11870*1e6 d e n S Ity

CONDUCTOR ACTION=MODIFY CURD=#IC/AREA TOLERANCE=1.0E-04 PHASE=ONE XCEN1=0 YCEN1=0 ZCEN1=0, |

THETA1=0 PHI1=0 PSI1=0 XCEN2=0 YCEN2=0 ZCEN2=0,

THETA2=0 PHI2=0 PSI2=0 IRXY=0 IRYZ=0 IRZX=0 SYMMETRY=-4 an d
CONDUCTOR ACTION=DEFAULT
CONDUCTOR ACTION=DEFRESET
CONDUCTOR ACTION=EXPORT FILE=DAUSERS\DELFERRIVF\Nu-Factibobine-qpole.cond Syl nn letry
/ .
CONDUCTOR ACTION=REMOVE, | COND LABEL=ALL_CONDUCTORS g m
CONDUCTOR ACTION=DEFAULT assignment

CONDUCTOR ACTION=DEFRESET

L

$do # 1 CONDUCTORS

CONDUCTOR ACTION=ADD, | COND LABEL=%int(#l)
BODY N1=2 N2=2 N3=2 X0=0 Y0=0 Z0=0

/ | Conductor number Selection

$assi7121212121

e 3 #FXFY F2 FMOD Lorentz force calculation

CONDUCTOR ACTION=REMOVE, | COND LABEL=%int(#l)

Send do and results stored in .dat file

$close 3
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DSM -DAPNIA DTL quadrupole magnets :

DIRECTION DES SCIENCES DE LA MATIERE

2

Quadrupole
for
IPHI Drift Tube Linac

The IPHI project is a 10-MeV, 100 mA demonstrator for a future high
power cw proton linac. It includes a 100-keV ECR source, a 5-MeV
RFQ, and a 10-MeV drift tube linac (DTL). The source has been
operational for several years, and the RFQ is being constructed.

The DTL design is a conventional Alvarez resonant (352 MHz) cavity,
incor porating quadrupole (QP) electromagnets in single-stem drift tubes
(DT) to focalize the proton beam during the non-accelerating phase of
the radio-frequency wave.

Tank Wail

—...\

Design reguirement

84
82
80
78
76
74
72
70
68
66

64 I

# Largest boreradius & realistic gradient values

Gradient (T/m) 2l Very low power lossesto avoid activation
ot 1 # Standardization with all the 52 identical magnets
Gradient law along the |
DTL Number of quadrupoles 52
QP bore diameter (mm) 16,00
Maximum gradient (T/m) 82,39
. Relative gradient tolerance | +0.005
=5 Position
. | (m)_
0 1 2 S 4 ts}
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g?ﬁm:UEDAPNIA DTL quadrupole magnets : IPHI Drift Tube Linac

DIRECTION DES SCIENCES DE LA MATIERE

Con drift tube magnet assembly  Exploded Assembly Iph*_
Face Cap
H H OFE Ci Upper
Drift tube body made of 4 pieces ( Y e oem . Tamsiton
. . Fitting
Stem made of 3 concentric tubes: MidStemy \ (SST)
. (OFE Cu)
- cold water in
6 Inner Stem
- - hot water out — orecw
. — Flow Diverter
- magnet hollow conductors in and out )
~ Wave Spring
e (302 SST)
Magnet Installation - Tooling Pins I i EM Q“ad“‘l’"'e
p - Alignment Pms
* Round Pin - r, 0 constraint (BeCu)
* Diamond Pin - 0 constraint only Drift Tube Body Full Stem
Accommodates differential thermal (OFE Cu) Outer Shell Detail
expansion without stress (OFE Cu)
Fl hem =
Diamond ow Scheme 1ph1 .
Pin
* Stem design uses three tubes
— Inner Stem 15 mm OD, 14 mm ID for conductors
> X — Mid-Stem 23 mm OD, 22 mm ID for return flow Inner Stem
(Beam Axis) — Outer Stem 33 mm OD, 26 mm ID for feed flow Mid-Stem
* Counterflow scheme in the drift tube shell Outer S
Round uter Stem
Pin Outlet

Inlet

Outlet

Round Pin ==
[<== Diamond Pin

Water flow : 50 I/min  AT=19°C.
The main source of displacement is the thermal expansion

Of the tank’ dependlng on maChIne Support StrUCtu re. Drift Tube with Outer Shell Removed Cutaway Through Stem & Diverter
Olivier DELFERRIERE Particle Accelerator Conference Knoxville-Tennessee, USA May 16-20,2005

Critical Area
for Conduction

Radius Limited
by Quadrupole
Coil Outside
Radius




C@J Quadrupole for

g DTL quadrupole magnets :

DSM - DAPNIA IPHI Drift Tube Linac

DIRECTION DES SCIENCES DE LA MATIERE

Cruciform glass fibber

Test of different water flow guides
wedges

Originality and characteristics

- No hot spot on magnet conductors

- Water flow turbulence strong enough
toensureagood cooling of the magnet

*Stem made of only 2 coaxial tubes ) I\AO addltl?lnal piece needed to guide

* DT in 2 pieces thewater flow

* Non hollow flat conductors easier for winding round the poles - With awater flow of 91/min, AT <12°C
- QP magnet assembly:

* Poles and yoke electrolytic copper plated to gvoid electrochemical corrosion But, erosion resistance of the

* Poles edges are chamfered to allow the bending of the flat conductor. ; .

* 2 layers of conductorswound directly on the poles magnet a.nd DT, es_peC|aIIy n

* Conductor s spaced with cruciform glassfiber wedges for better cooling water high velocity zones

* Enamel coating for conductor insulation has to be tested

- Singlewater circuit for drift tube, walls and magnet
- More space available for the magnet (saturation effects)
- Mechanical design simplified :
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DSM - DAPNIA IPHI Drift Tube Linac

DIRECTION DES SCIENCES DE LA MATIERE

QUADRUPOLE TYPE Hollow conductors Solid conductor
Gradient transverse intégré 470T 470 T
Gradient quadripolaire 83,79 T/m 75,89 T/m
Longueur magnétique 56,09 mm 61,94 mm
Longueur totale 48 mm 56,16 mm
Longueur des poles 36 mm 42 mm
Diametre externe 140 mm 157 mm
Diameétre d'ouverture 16 mm 16 mm
Amperes-tours 2750 2 317
Nombre de spires par pble 5,5 en 1 couche 9 en 2 couches
e iensi
%W Dimensions des conducteurs 5x5 mm 5,6Xx2 mm
LR
2 . Isolant 0,25 mm par face 0,07 mm par face
Intensité par spire 500 A 258 A
Densité de courant 27,88 A/lmm? 23,04 A/mm?
. Résistance totale 6,1 mQ 15,3 mQ
I_ant tUbe Puissance électrique 1524 W 1018 W
dlme_ns_lons Débit nominal 1,68 I/min
. variation Echauffement de l'eau 13°C Refroidissement externe
Wlth the same Perte de charge 6,22 bars
guadrupole
Minimum length (mm) 62.49
Maximum length (mm) 114.25
External diameter (mm) 170.00
End cap face minimum angle (degree) 4.18
End cap face maximum angle (degree) 28.60
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DSM -DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

DTL quadrupole magnets :

Quadrupole for
IPHI Drift Tube Linac

- Cooling external to the non-hollow conductors

Magnet
simulation

*Max dimension to fit the DT walls

-1 layer of standard hollow conductors *Cross section with conical pole
- "Permendur” alloy for polesand yoke shape optimized for saturation
- Poles rounded for conductors bending and coils adjustment

Overall length (mm) 48.00
External diameter (mm) 140.00
Bore diameter (mm) 16.00
NI (Ampere-turns) 2525.00
Joule dissipation (Watt) 1030
Conductor section (mm) 5.0x5.0
Hollow conductor hole diameter (mm) 3.0
Current density (A/mm?2) 25.6

Component; BMOI
‘473.44

12736.7 25000.0
I

RN
R

R RHRhNnRHw
itk
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*High permeability material

*"Mushroom-shaped" pole to
increase magnet length
Integrated gradient homogeneity

N

, Component: #HOMO
0.001 00

- 2 layers of flat conductors
- Lengthened and broadenened geometry to fill the DT
- Standard iron for poles and yoke

Overall length (mm) 56,20
External diameter (mm) 157,00
Bore diameter (mm) 16,00
NI (Ampere-turns) 2900,00
Joule dissipation (Watt) 1600
Full conductor section (mm) 5.6x2.6

Current density (A/mm?)

Component: BMOD
I391 a7 126?5.9 25000.0l
| mam T
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