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Design and research on weights vacuum transfer device for joule balance
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(1. School of Mechanical and Electrical Engineering, China Jiliang University, Hangzhou 310018, China;
2. National Institute of Metrology, Beijing 100029, China)

Abstract ; Joule balance is a self-developed device for quantized reproducing the kilogram in China. It is particularly important to achieve
mass value transfer based on the joule balance after the kilogram is redefined. However, there is a problem with the accuracy of joule
balance measurements due to the exposure of standard weights to the air environment during the transfer of mass values. To address this
problem, based on the structural characteristics of the joule balance, a combined weight transfer scheme is designed and proposed, and
a corresponding weight vacuum transfer device is developed, which can transfer standard weights from the joule balance to the vacuum
container in a vacuum environment, ensuring the accuracy of mass value transfer. Then, based on the joule balance suspension system,
a transfer accuracy model of the transfer device is formulated. Based on this model, the weight transfer x is obtained. The transmission
errors of the y-axis are 0.011 6 pm and 0.009 2 pwm, respectively, demonstrating the accuracy of the weight transmission process.
Finally, it is verified through experiments that the weight vacuum transfer device could introduce an alignment error of no more than 10~
orders of magnitude to the joule balance, and does not affect the precision alignment state of the joule balance.
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Fig. 1 Weight transfer process
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Fig.2 Suspension system of joule balance
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Fig. 3 Diagram of concentric and eccentric weight and tray
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Fig.4 The internal weight support arm, external weight support

arm, and rotating weight support arm arranged in sequence
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Fig.5 Internal transmission mechanism
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Fig. 6 Vacuum chamber
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thicknesses
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Fig. 7 Simulation analysis of vacuum chamber
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Fig. 9 Installation diagram of external mechanism
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Table 2 Three way displacement of weight loaded onto
weight tray

F5 LRI /pm 55 2 BRI/ um 4 3 B AIFS/ um

0(Z 8T 0.5 0.5 0.75
1 -2.34 -2.25 -2.33
2 -2.58 -2.18 -2.33
3 -2.73 -2.12 -2.12
4 -2.70 -2.49 -2.03
5 -2.48 -2.56 -1.96
6 -2.06 -2.95 -2.00
7 -2.24 -3.08 -2.09
8 -2.51 -2.42 -2.35
9 -2.59 -2.17 -2.54
10 -2.85 -2.27 -2.48
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