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Abstract: “ Joule balance method” is a Planck constant measurement method based on mechanical electromagnetic energy balance. Due
to the existence of a “feature vector alignment energy error” caused by the non-alignment state of the coil feature vector, the
measurement uncertainty of the Planck constant can hardly be reduced down to 1x107*. In order to realize the accurate compensation of
the alignment energy error, aiming at the precise measurement issue of the residual horizontal displacement during the vertical movement
process of the energy balance coil, a differential line-surface displacement sensing measurement method based on the electromagnetic
self-damping direct vertical measurement reference is proposed in this paper. In order to avoid the introduction of the system error in the
adjustment process of indirect measurement reference, which leads to the reducing of the measurement accuracy, the line-surface
displacement sensor uses a thin wire electrode as the direct vertical measurement reference. The differential capacitance structure of three
electrodes is designed to inhabit the nonlinearity of the single-end capacitor. The surface shape of the other two electrodes is designed as
mutual opposite outer cylinder, which uses the geometric shape isotropy of the cylinder surface in the cross section to offset the influence
of attitude tilt on the measurement results, so as to improve the adaptability of the sensor to complex measurement conditions. And an

electromagnetic damper is used to stabilize the thin wire electrode and ensure the accuracy of the measurement results. The experiment
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results show that the synthetic extended uncertainty of the differential self-damping displacement sensor is about 2. 81 pm within the

normal working range.

Keywords : differential displacement sensor;horizontal displacement detection;direct vertical reference; electromagnetic self-damping
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Fig.1 Excitation coil-yoke module of joule balance and the

differential self-damping displacement sensor
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Fig.2  Differential displacement sensor
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Fig.3  Principl of the thin wire electrode
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(a) General structure of the (b) Vertical and horixzontal
electromagnetic damper section of the damper
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Fig.5 Electromagnetic damper
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Fig.6  The surface images of the thin wire electrode

observed with SEM
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Table 1 The diameters along the thin wire electrode
measured with SEM

4 22 AR b AL 37 B/ mm HH 22 H AR/ pm
40 124.7
60 124.7
80 124.8
100 124.4
120 124. 4
140 124.5
160 124.9
180 124.5
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Table 2 Simulation result of the capacitance measurement

error caused by the thin wire diameter variation

422 FA/ pm FLAIT LA R pl
123 0.580 13
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124 0. 580 65
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125 0.581 37
125.5 0.581 75
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Fig.7 Top view of the line-surface displacement sensor structure
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moving along the direction 2 in simulation experiment
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Fig.9 Variation of the capacitance value as the thin wire

electrode moves in direction 2 obtained in simulation
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(AL FESEE 500~2 000 pm)
Table 3 The first-order fitting result of the calibration
curve of the differential self-damping displacement sen-

sor (relative displacement range: 500~2 000 pm)
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Fig.12  The resolution measurement curve of the differential

self-damping displacement sensor
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Fig.13  Photo of the electromagnetic damper in the experiment

0.8

o
>

1E R BALBAE /um
=
3
H
]
3
]
H
H
1

o
o

6 160 260 360 460 560 660 760 860
S [R)/s
B 14 (i ffiidnfa e g sh

Fig.14 The stability experiment result of the displacement sensor
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Table 4 Uncertainty evaluation table of the displacement sensor
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