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KB Magnetic basics: Hl BIPM
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KB Magnetic basics: Magnetic Ohm’s law Hl BIPM
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U the voltage electromotive force (EMF)
F the magnetomotive force (MMF).
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KB Magnetic basics: Magnetic Ohm’s law Hl BIPM

la

~ 1.2
' ‘ Br
. 1.0 Vs | remanence
; 0.8}
A <
= 06}
. (o]
|_
o Y ol 5 oo
(a) e 10 M
0.2} —B
Hc Jcoercivity
| | | | | |
load (air gap) 00750 1500 —1250 —1000 w750 —500 —250 0

H/(kAm~1)

> >

o o lm [ la BR

2 b2 o 4+ —2 4+ ) = l, = —Hcl

- 3 (Sum,uo Spore  Spo)  fimio "
Double the PM width, the field will not be doubled!

(b) battery (PM)

Li S, Schlamminger S 2022 Metrologia 59 022001 (30pp)




KB Magnetic basics: | BIPM
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KB Magnetic basics: The virtual principle Hl BIPM

Magnetic Energy=flux linkage*current

The energy of a bifilar coil system is

: Permanent magnet
L, L,
E=—-I+ =+ ML
z 2 2
[__; By the virtual principle , the force is
OE I? 0L
Innér AF = — = ——
0z 2 0z
Permanent magnet

Note that a current constant system,
the sign should be positive!
The current offers additional energy (2E)
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conventional coil system TH BIPM
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KB magnet-coil history: Qg ¥ ull[iEZ55SE0 Hl BIPM
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KB magnet-coil history: | BIPM
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i . il- BU/(T
56 mm width, 0.3 m X 0.3 m sectional area air gap. Field edge effect; Need an 8-shape coil; /(Tim)
0.68 T in the air gap center. Large size or low efficiency compared to radial system;
The magnet weighs 6000 kg, and the coil 30 kg. Be careful with closed yoke path!

_ _ Eichenberger A et al 2011 Metrologia 48 133—41
Kibble B P et al 1990 I\/Ietrologla 27 173-92 Beer W et al 2003 IEEE TIM 52 626—30
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First radial PM system NPL'’s next generation KB magnet

Symmetry: 9% 97 97 5S¢ 5% ; | x‘—l Symmetry: AR AR A AERAY
Efficiency: Y% 9% % o Efficiency: 7% ¢ ¢

Robinson | A 2009 IEEE TIM 58 936—41

Shielding: Y% Y¥ T Wood BM et al 2017 Metrologia 54 399—409 Shielding: T¥ ¥¥ %¢ W<
Robinson | A 2018 CPEM




KB magnet-coil hlstory
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PM system with the strongest field

Symmetry: 7% ¢ % 3%
Efficiency: Y 5% 57 5r
Shielding: 7% %% %<

Gournay P et al 2005 IEEE TIM 54 742-5
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Most popular PM system

Symmetry: 3% 3¢ ¥ ¥ ¥
Efficiency: 3¢ T¢ W¥ W& ¥
Shielding: Y¥ %% %% ¥ W

Seifert F et al 2014 IEEE TIM 63 3027 NIST-4, METAS-2, NIM. KRISS, UME, Tsinghua University, ...
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Coil flux return, and additional air gap is required, which reduce
the field strength at the coil position.

Symmetry: 3% 3¢ ¥ ¥ ¥
Efficiency: 7% T¥ %
Shielding: Y¥ %% %% ¥ W

Installation may be not easy.

Sutton C M et al Metrologia 51 (2014) S101-S106




(8 magnet:coil history: i BIPM

Efficiency

Why a radial PM system?
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Li S et al Metrologia 59 (2022) 022001 (30pp)
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(8 magnet design
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(Gd,Sm)2Co17: low T¢, Hc is 20% less than Sm2Coa7y

Li S, Schlamminger S 2022 Metrologia 59 022001 (30pp)
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KB magnet design: Field strength at coil pos
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KB magnet design: Wl dqd%F G20 ddulis% Hl BIPM
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KB magnet design: B0 A d1idulis%
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KB magnet design: BRI 2@ il ldull3% Hl BIPM
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KB magnet design: Improve field uniformity Hl BIPM
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HiperCob0 (saturation magnetic flux density is about 2.4T)

You Q et al CPEM2018 €5 0 50




KB magnet design:

il BIPM
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KB magnet design: Improve field uniformity Hl BIPM
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KB magnet design: Splitting force TH BIPM
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KB magnet design: Splitting force Hl BIPM
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KB magnet design: | BIPM
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K& magnet design: | CIIFERTTIRITIIN 1| 1M
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Performance evaluation: Magnetic profile  RIEEIT.JV
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Performance evaluation: Flattening profile TH BIPM
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Performance evaluation: Flattening profile TH BIPM
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Performance evaluation: Flattening profile
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Performance evaluation: BSJE N sl iyl
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Performance evaluation: UEELICIUCIICLILE {1 BIPM
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Performance evaluation: il BIPM
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KB magnetic effects: Coil self inductance Hl BIPM
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KB magnetic effects: Coil self inductance Hl BIPM
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KB magnetic effects: Coil self inductance Hl BIPM
(Bl)w = (BL),(1 Hal 1+ BI) 0 I l
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KB magnetic effects: Coil self inductance t BIPM
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KB magnetic effects: Coil self inductance Hl BIPM
(Bl)w = (BL),(1 Hal 1+ BI)

{B[I—F[l + a(z4 )] = mg —meg — meg

BlI_[1 +a(z_)I_| = —m.g —m,g

(B{)w —

Linear current effect, ~10ppb/um for the BIPM system

Li S et al Metrologia 55 2018 75-83




(B magnetic effects i BIPM

(Bl)w = (BL),(1 Hal 1+ BI) [xdV 10
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(B + b)*,

Relative B change x10

Positive current, negative field gradient
Negative current, positive field gradient!

The effectis up to 21ppm!

Li S et al Scientific Reports (2021) 11:1048




KB magnetic effects:

(Bl)w = (BL),(1 Hal 1+ BI)
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KB magnetic effects: 't BIPM
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KB magnetic effects: W\ JglllglI&eVg( 1A j (4%

tt BIPM
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KB magnetic effects: WldZdul 18l il i{{ Hl BIPM
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KB magnetic effects: UEIQIISULUILILICLE {1 BIPM
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6 Summary & outlook It BIPM

6.1 Tabletop considerations
6.2 Open-hardware magnet system
6.3 Future trends

- 60kg, 30mm gap, 0.4T




Thank you.

shisongli@tsinghua.edu.cn
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