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GOAL & GENERAL DESIGNS A NOVEL TABLETOP MAGNET SYSTEM A CUSTOMIZED WEIGHING UNIT MAGNET-MOVING MECHANISM
= The goal is to develop the next-generation = A highly efficient Kibble balance magnet system: H =180 mm, & =220 mm, = Weighing resolution at the microgram level and a = Avoid displacing force-sensitive components, such
Kibble balance for NMI-level mass m ~40kg. Air Gap: h, =50mm, r, =80 mm, B ~0.6 T (NdFeB). dead load capacity of several kilograms. as the weighing cell, and enable a broader magnetic
realizations following the new Sl. = New feature |: Inner yoke compensation: The uniform field range = A capacitor sensor is used for displacement profile measurement range.
= Pioneer the development of a compact, (AB/B < 1 x 1079) is enhanced to 35 mm, increasing by over 50%. detection, showing a higher measurement « Error mechanism of far and near external fields is
highly accurate, robust, cost-effective, and - New feature lI: Easy splitting operation. Open/close forces are reduced to resolution than optical sensors. studied through FEA and experimental.
user-friendly Kibble balance. tens of kilograms compared to the conventional kN-level. = An active servo control capacity of several tens of = An optimal weighing position and a monitor of the
= 10 g to 1 kg mass calibration with a orams with adjustable PID parameters. magnetic field surrounding the magnet system
measurement uncertainty of below 50 pg. I - 10<10 ug is obtained for a 10-hour test in air. allows to suppress the external-field effect to the
- Size: 1 m in height and 0.35m in diameter. e order of 107,
- An advanced one-mode, two-phase (OMTP) * Eipd:dtggmmim%p e U s
measurement scheme is employed. | BV 3238 /“—7/;\ * OPEN HARDWARE INITIATIVE
. . . _ 32.37 |, | | | | s
' gzremmagnet MOVINg mechanism is used L ::22 — » The design, manufacture, test tools and
g the velocity measurement. /“/mﬁ;;\ .
31.82| : performance evaluation of shareware modules of

T raw result | the Tsinghua Kibble balance will be released.
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Fig.2 Tsinghua tabletop Kibble balance magnet system. > S L | = Experimenters are allowed to copy and build the
~ = il ;l 1 | T 3 ke . . . .
Left: CAD model. Middle: Levitation in opened status. Right: Magnetic profile. = 0[ — - 2 0 -{f'l'if it .,I'!,“;,,;'_";i'h"!a,-‘:rf'l | same system with a limited number of licenses for
B = IR EARINL i B Rk :
= —— optical sensor 2 il non-commercial purposes.
—0.001 |- ‘—ca|‘3acitor‘ sensor | —9200 | | o . .
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Motorized _ : :
- xy°s‘:;';: N time/h hartners, allowing experimenters to have the
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£ = A bi-polar current source with an output capacity of +20 mA and stability of Fig.4 Left: Weighing unit design and displacement measurement possibility to order components directly.
O .
e a few nA/A @ 30 mins. resolution. Right: A mass measurement test (64 g mass load in air).
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= « Stage I; (Keithley 2410): range 20 mA, resolution 0.5 uA + Stage I, CONCLUSION & OUTLOOK
£ (Keithley 6221): range 2 UA, resolution 0.1 nA. AN ADVANCED OMTP MEASUREMENT SCHEME
= _ _ . . .
> < = In the weighing phase, a constant force (CF) scheme is realized by ghe Tsmghua tabletc;p };:bble balance a(;ms to
5 servo-controlling the coil position. = A bifilar-coil power regulator is proposed to evte O]ff) a;ompact, |g|g.byéccuoratte, an . |
Q : : . _ : cost-errective mass catllpration mstrument, TOCusin
s « In the velocity phase, a constant current (CC) scheme is employed to eliminate thermal-magnetic errors. . . . 5
= . . . . on enhancing measurement precision while
= minimize the current effect. = Keep coil ohmic power constant over time, and Bl maintaining compactness
drift is mitigated through ABA or ABBA sequences. ; A b. ' o
. . . = Significant progress has been made In the design
] @ 0.05[ (a) - = Thermal effect is reduced by 100 times compared angd . Iempenfaﬁon o kev combonents includgin )
LabVIEW DVM )
s = [ \ RS : j Mﬂ*‘m O AW to TMTP scheme and by about one order of novel mpa net system, a cgstompdesi ned wel hir%j
/:?‘.: SR N AL i A k‘ | el ,'} ‘ . . e : -
£ prve | = O 'HW il A bib iR bl b magnitude compared to Traditional OMTP scheme. . 5 4 5 shing
> al o C) 12<‘> oo . S | unit, a stable, dual-stage current source, etc.
£ = — single source = Breaking down size limitations for Kibble balances. The subsequent phase is to integrate these
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Fig.1 Design of the Tsinghua Tabletop Kibble Balance.
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