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e Past seminar
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Plus Richard Geller’s semi-

LBL-ECR empirical scaling law:
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o Superconducting ECR ion sources:
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forward
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il ECR Coil Configurations

BERKELEY LAB

Sextupole-in-Solenoids Solenoids-in-Sextupole Mixed Axial and Radial System

e VENUS, FRIB, FECR ® SECRAL ® MARSD
® Close-loop coil provides

® Efficient radial field ¢ Small and efficient radial and solenoid field
generation solenoids _ ® Simpler solenoid system
® Fairly large solenoids ® Sextupoles in the low ® Simpler Lorentz force
e Complex Lorentz forces field solenoid zone distribution -
P _ ® [nefficient sextupole ® Higher field in hexagon
® Longer sextupole coils generation “corners”
can reduce Lorentz ® Simpler clamping ® Compact

® Complex and labor-intensive

forces support can be used winding
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ﬂ ' Future 45 GHz ECR ion source magnets
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FECR and MARS
Nb,Sn FECR NbTi MARS

Vacuum shield Yoke Sextupole = Master plate
load-pads

C2

Inner-Inj.

C3
Injection Middle Extraction Otter-Tnj. O S Middle o,
solenoid solenoid  solenoid ~ Sextupole

Mariusz Juchno SMP Technical Seminar, August 22




~

— Future 45 GHz ECR ion source magnets

BERKELEY LAB

FECR and MARS

Nb;Sn FECR NbTi MARS

Main Parameters
PARAMETER UNIT VALUE }
ey GHz 45 Microwave frequency f; 45 GHz
Resonant heating field, Bycg T 1.6 Resonant heating field B 16T
Injection confinement field, B; T >6.4 Injection confinement field B, 57T
Extraction confinement field, B.,,, T >3.4 : )
Radial confinement field, B, , T ~3.2 Extraction confinement B,,;, 34T
Mirror length mm 500 Radial confinement field B, 31T
Plasma chamber ID mm 150 Stored energy E 560 kJ
Warm bore 1D mm 170
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Magnetic field of a 45 GHz ECR

FECR and MARS

Nb,Sn FECR

Maximum ~11.3 T ‘

Tip of the end
~10.1 T

Bi>6.4T
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3-D magnetic field distribution

NbTi MARS
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7o Magnetic Forces FECR 45 GHz

Lorentz forces: Coil ends and solenoids o

Lorentz forces: Sextupole coil straight section «

Axial forces

8(m

Radial forces

100

‘
\ ~ 5 Z 1 60 Yv4 ::
. . A F .\ S S
Injection N v g ;(('j [
Middle A\ 4

: d 4, M

5 50 f’/]l}A“::
Extraction ] ““‘A i
i

Solenoid forces

Sextupole coil-end forces

Forces in the cross-section Integrated forces in the straight section
[coil | Fzkn] | N TR TR ETTR TN

(30 mm from injection solenoid face)

Inj 1 +1749.0 Extraction side Injection side

m2 19943 Seupolel 997 494 1059 1662 || FxlkV/m] | FyN/m] I BT T
Mid +165.6 Sextupole 2 1217 +165.8 +88.4 55.3 Upper coil 366 -116 Upper coil 421 -1057
Ext -8.6 Lower coil 744 2701 Lower coil 406 994
Total -88.4

Total 1113 2585
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e Magnetic forces MARS-D
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Extraction End

F.=+278.8 kN
FZ =+132.9 kN Fz C3 Out-comb -324.8 kN Fz CSExt +301.8 kN

F, s o = -30.4 KN

F,=+274.8 kN

F,=+3073kN  Straight Bar _ . ™
Injection End Fr =+261.4 kN EZ C3 Out-Inj —+13(1)600kNN
zC21In-Inj — .

F e niaiie™ =0
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Design of other ECR magnets
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NbTi FRIB
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reveres] FECR 45 GHz
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IMP (Lanzhou

Vacuum shield Yoke Sextupole ~ Master plate
load-pads

Solenoid coil Master plates /

sub-assembly
with load-pads

Sextupole /
coil-pack
xial-load \
1d-plates
Axial rods
\ Yoke-shell
oo Load-keys Iron yokes sub-assembly
> % Bladders
gl :
. o : LA ) Sextupole coils Collars
Figure 5: Picture of completed FECR 1/2 size prototype Twin iniecti
L . . = : win injection
Injection Middle  Extraction cold mass ready for test. solenoid coils
solenoid solenoid  solenoid  Sextupole L. Sun, et. al. “FECR ION SOURCE Middls Solenoid coil
DEVELOPMENT AND CHALLENGES” <l \ sub-assembly
Extraction :
MAGNETIC PARAMETERS OF THE SYSTEM solenoid Nues \
PARAMETER UNIT VALUE CONDUCTOR PARAMETERS P, Sextupole coil 27 ')";
Microwave frequency, f; GHz 45 PARAMETER UNIT VALUE // e%e® :o,; N sub-assembly
. & e 0
Resonant heating field, Bycp T 1.6 Critical current density at 4.2 K, 12T kAmm™? 24 18- :;;-! : \ Sextupole
Injection confinement field, B,,; T >6.4 Wire diameter mm 1.3 [ 9% e 8 ] coils
Extraction confinement field, B, T =34 Copper/non-Copper ratio - 0.96 \ :. . }
Radial confinement field, B, 4 T >3.2 RRR of the copper matrix - 250 g . ’/
Mirror length mm 500 Filament twist pitch mm 42 - ’
Plasma chamber 1D mm 150 Insulation thickness Ll 65
Warm bore 1D mm 170

X Solenoid ~ Sextupole  Solenoid
Collars inter-costals load-pads  load-pads
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o MARS-D 45 GHz
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Aluminum shell

Main Parameters

Microwave frequency f; 45 GHz Iron yoke and pad
Resonant heating field Bz 16T Axial rod

Injection confinement field B;,; 57T neioructural
Extraction confinement B,,,, 34T

Radial confinement field B, 31T

Stored energy E 560 kJ

Injection solenoid
Aluminum spool

Solenoid mandrel

Rectangular NbTi wire Solenoids
Bare wire 1.84 mm x 1.16 mm
Cu/Sc =3} Sextupole
RRR 99 [] Aluminurn 6061-T6 (Closed Ioop COiI)
Twist 58 mm . Aluminum Branze
Insulation 35 um [ 610 Ortho Iron pole
. Magnetic Steel 1010

D Orthotropic Sextupale Pole t|p
. Orthotropic Solenaoid

D Structural Steel
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i Mechanical models
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Nb;Sn FECR NbTi MARS
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Nb.Sn FECR
3 Pressure
Type: Pressure

Unit: Pa
Time:ds

2023-08-22 10:55

Contact pressure (MPa) 262868 Max
1.5e8
milniminl
|:| 40 5e7
p=—— o~ M 37

0

[P e———— 367
I:l 100 -7.63097 Min
j 120 s
-1ed
- 160

(a)

(MPa) 2023-08-22 11:59
0 2.1363e8 Max
]
] :g 206618
(c) D 60 2ef
o 1.8e8
B .0 1.5024e8
120 1.2049:8
140 007207
E 160 6.0072e7
180 112157

Mariusz Juchno

Von Mises stress

Sexctupale Von Mises Stress 4 hF
Type: Equivalent (von-hdises) Stress
Unit: Pa

Tirne: 4 5

1.4579e6 Min

SMP Technical Seminar, August 22, 2023

Stress in the superconductor

NbTi MARS




C— MARS Winding o

BERKELEY LAB

MARS
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MARS Winding &)

52 turns per layer

2 weeks per layer

24 layers in total

Up to 12 months for winding

Mariusz Juchno SMP Technical Seminar, August 22, 2023 16



reeeyf Tradeoffs
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Nb3Sn FECR NbTi MARS
e Brittle superconductor e Low current and temperature
e Wind and react process margins
e Conductor efficiency (and price) e Mutual inductance and quench
e Stored energy protection

e Winding

Mariusz Juchno SMP Technical Seminar, August 22, 2023
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e Material
o HTS - higher field, higher temperature margin, no requirement on the field quality

e Conductor
o Tape or cable vs wire

e Stress Management
o SM-MARS or CCT

e Support Structure
o Bladder and key

Mariusz Juchno SMP Technical Seminar, August 22, 2023




MARS

Thank you!
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Sextupoale Axial Stress 4 MF
Expression: 52

Tirne: 4 5

2023-08-22 11:50

. 1.0821e8 Max
721387

F{ 3.60697
{0

-1,805%e7
. -3.6118e7
— -5.4177e7

-1 2237eY
I -9.0296e7
-1.0835e8 Min
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Sextupole Azirmuthal Stress 4 bF
Expression: Sy
Tirne: 45
2023-08-22 11:57

. 5.3976e7 Max
3.508e7

F{ 1.799¢e7
{0

-1.655%7

. -3.311%e7

— -4.9678e7
-6.6238e Y

I -8.2797eY
-0.9357e7 Min
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Sextupale Von Mises Stres
Type: Equivalent fwan-is
Unit: Pa

Time: 4 5
2023-08-2211:59

. 2.1363e8 Max
2.06E1ed

1 2e8

H{ 1.8e8
1.5024e8

. 1.2040%:8

— 90797

6.0072e7
I 31215e7
1.4579e6 Min
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