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Need for an Active Magnetic Shielding

Goals Challenges

= Provide additional shielding below 1 Hz = Spatial constraints - very close to biological
shielding

= Provide good environment for the MSR = Thermal power

= Feasability/man power
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Working Principle of an Active Magnetic Shielding

B=MI+B,=0
/
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Readout of Fluxgates

External field

Proportionality constants

Currents in the coill
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Simple Coil Design

Inputs:

= Grid

= Target fields

= Points of interest (POI’s)

«Every field we can create — we can also compensate»

Method following:

“ A Simple Method for Coil Design”

M. Rawlik et. al.

American Journal of Physics 86, 602 (2018)
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Simple Coil Design
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Prototype in the ETH Lab
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rototype Winding Plans

current: 24.7046
vertices: [1, 61, 85, 109, 133, 157, 158, 159, 160, 161, 162, 134, 110, 86, 62, 6, 5, 4, 3, 2, 1]
decomposition: 24.7046 = 4x5.0 + 4x1.0 + 4x0.2
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current: 0.483581
3,212, 206, 200, 194, 193, 187, 181, 175, 176, 170, 171, 165, 164, 158, 159, 160, 161, 167, 166, 172, 173, 179, 180, 186, 192, 198, 197, 203, 209,
decomposition: 0.483581 = 0x5.0 + 0x1.0 + 2x0.2

211
212
205 213 10
206 214
199 P 207 s
152 208
193 | 189 201 153 209/ 250
194 Il 2
187 202 154 210
18 12399 203 155
126196
At B 12189 = 120197/ 204 156 5
175 " 183 129 130198 150
T 32 Bt 191 7~
104
253 1417 1277 | 101 e 0s AP 148 132
170 )
163 139 Tl g9 79 179 A
164 L
157 137 1388 97/172\7.7\ : et 144 124 108 0
158 173 81
166
135 1359 95 754167 55 174 142 82122 o 102
133 13 93 150\7.3‘161/49 168 2° 140, 120 100 84
50
11 91 71 43 162 138, 118 1% 08 5 78
44 o
109 89 69 37 13645 16296 76 60
38 46
87 67 31 134 39 114 94 78 54
32 40
85 65 25 33 112 92 T 72 48
26 34
63 19 27 110 0 4 70 42 1o
20 . !
61 13 21 88 5y 68 36
14 = i
7 15 86 66
23
E 10 24
1 9 64
5 - 17
18
3 o & <




Proof of Concept

mapping

By By B;

Characteristics: °
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= sensor positioning
= shielding Factor: 15-20 simulation

= stability measurement > .
Findings - '
= mistakes are common! -
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Mapping Campaign
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Mapping Results

in uT
\
15 -
v couer _--------
10 v COMET -3.2 -125 53 -39 -04 89 -80
51 o SULTAN 340 412 44 -84 84 -02 12 -21
0 - COBRA 3.8 -5.2 04 -25 2.6 1.9 -0.2 0.6
3 B \
-5 1 Y
10 v uT scaled with 5m
v}
-15 -
homogeneous linear gradients
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n2EDM AMS Design

Target Fields:

= 50 uT (X-, y-, z-coil)

= 5uT/m (1st order
gradients)

- Cartesian Harmonics
decomposition

Specification

+1uT on the MSR surface
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Design Process — Connected Doors

/|

connected door

grid with openings

connected in series
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Performance
B X-Coil -0.70/0.42
Designed to produce 50 uT — y-coil -0.33/0.39
o z-coill -0.60/0.63
[ 1stlinear grad. -0.29/0.29
2nd linear grad. -0.36/0.42
Designed to produce 5 pT/m — 3rd linear grad. -0.41/0.43
4th linear grad. -0.54/0.33
5th linear grad. -0.30/0.32
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Performance
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Characterisation

= Length of wire for the whole _ #simple loops Weight [kg]

system: = 51 km

X-coll 60 248
_ _ y-coll 70 327
- Max_lmal number of wires per 5 -Coil 60 306
section: 227
1st linear grad. 50 65
= Power consumption for 2112 ISR gL 0 80
maximal current: 3rd linear grad. 60 109
7.25 kW 4th linear grad. 70 70
= Power consumption in SULTAN 5th linear grad. 70 112
mode:2.9kW Total: 510 1.3t
=  Power consumption in COMET
mode: 3.2 kKW
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Construction Process
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Construction Process
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Construction Process

Solange Emmenegger |

2/16/2021

18



Outlook

Status: 4/8 coils

Ongoing Investigations:
 validation measurement
* sensor positioning

- DAQ
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Design Process — Points of Interest

performance

evaluation points \

POls: input to the algorithm

Schematic view of the AMS

20cm
10cm

———

Horizontal slice through the AMS

POl's
M MSR surface

Regularization
() 7= (@)
Al 0
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Backup — Decomopositions Cartesian Harmonics

n P P, P,

1 1 0 0

2 0 1 0

3 0 0 1

4 X 0 -7

5) y X 0

6 0 Y -7

7 Z 0 X

8 0 Z y

9 | 22— 22 0 A
10 2xy 22— 22| —2uz
11 | y? — 22 2xy —2xz
12 0 0 r? — 22
13 202 0 r? — 22
14 Yz rz Ty
15 0 2yz y? — 2
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Construction Imperfetions

Displacement: Bending:
cables
0Q®e® - ideal path of cable tray
} height 8cm the cable N
cable tray /
\ J
! path because of
width 10 cm bending

| MinMax | St

Full current -1.7/1.5 0.25/0.17 > No higher order residuals
COMET mode -0.8/1.0 0.11/0.17
SULTAN mode -0.6/0.9 0.10/0.14
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Top

B7 -7
Bundle Z-05 | Die Zahl bei “vom Anfang der Schiene” ist nur vorlaufig
Spule: 3 Bundle: 5 ‘I“' T
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Crimp Schema:
Start L:  Z-05-15A-01-s Bundle: Z-05-BUND
Crimp: Z-05-15A-01-e Z-05-15A-02-s8 Lange: 64.446 m
Crimp: Z-05-15A-02-e Z-05-15A-03s Anschlusskabellinge: TODO m (einfach)
Crimp: Z-05-15A-03-e Z-05-15A-04-5 Nennstrom: 67 A
End L:  Z-05-15A-0d-e Drihte:
Start M:  Z-05-05A-01-s 4 mal 16 mm? (15 A) Gesamtwiderstand 0312
End M:  Z-05-05A-0l-e 1 mal 6mm? (5 A) Gesamtwiderstand 0.2130
Start 51 Z-05-01A-01-s 2 mal 4mm? (1 A) Cesamtwiderstand 0.6380
Crimp: Z-05-01A-01-e Z-05-01A-02-s Gewicht: 58.10kg
End S: Z-05-01A-02- Anschlussterminal: V81 — V89 auf der Seite von V80
1em vom Anfang der Schiene.
Crimp-Abschnitt: 81-89
Pfad: 81, 89, 100, 111, 110, 115, 119, 120, 121, 131, 133, 450, 460, 463
456, 455, 164, 172, 180, 100, 107, 208, 216, 400, 401, 392, 384, 376, 368
Flecr 87, 86, 85, 77, T8, 79, 205, 287, 278, 270, 266, 254, 253, 248, 240, 230,
231, 293, 994, 72, 73, 74, 75, 76, 84, 83, 82, 81
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