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Development and calibration of high precision counter
torque measurement system

Xie Chen' Fu Xiao' Duan Fajie' Ma Benfu® Jiang Jiajia' Liu Changwen'
(1. State Key Laboratory of Precision Testing Technology and Instruments, Tianjin University, Tianjin 300072, China;

2. Tianjin Navigation Instrument Research institute, Tianjin 300131, China)

Abstract: In response to the need for high-precision micro-torque measurement of the torque fluctuation of the gyroscope motor, a high-
precision counter-torque measurement system based on a torque device and an angle sensor is proposed. Based on a coaxially transmitted
stepped shaft structure, the external wiring is flexibly connected with spring like hairspring to reduce the elastic interference torque
caused by wiring, and realize the high-precision measurement of the torque fluctuation; based on the traditional weight calibration, the
static calibration and uncertainty analysis of the measurement system are carried out. The experimental results show that the system
measurement accuracy is improved by 90% compared to before optimization. In the range of —10~10 mN+m, the measurement accuracy
is as high as 0. 06% , the linearity is better than 0. 03% , and the drift error is better than 0. 5 WN-m/2 h, the uncertainty is better than
0.025%.
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Fig. 1 Schematic diagram of angle sensor
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Fig.2 Schematic diagram of torquer
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Fig.3 General drawing of measurement system
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Fig. 4 Schematic diagram of spring type hairspring
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Fig. 5 Spring force and force decomposition diagram
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Fig. 6 Schematic diagram of measurement and control part
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Fig. 9 Calibration schematic diagram
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Fig. 10 Schematic diagram of calibration uncertainty
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Table 1 Torque voltage torque coefficient data sheet

Tk B o it n F3 B e, s 2 I3
m/g M/(mN-m) V/mV mV-(mN-m) "'
1 0.980 11 371.9 379.447 2
2 1. 960 22 743. 4 379.243 1
3 2.940 33 1115.1 379.243 1
4 3.920 44 1486.4 379.141 1
5 4.900 55 1858.8 379.304 4
6 5. 880 66 2229.6 379.141 1
7 6. 860 77 2 600. 3 379.009 9
8 7. 840 88 2972.3 379.077 3
9 8. 820 99 3344.2 379.118 4
10 9.80 11 3718. 1 379.355 4
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Experimental diagram of moment measurement

Fig. 11
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Fig. 12 The experimental data were measured
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Table 2 Torque measurement data sheet

TERD TR m/g MR M/ (uNem) W& HEM,/ (wN-m)

1 980. 11 979. 02
2 1 960. 22 1 959.70
3 2 940. 33 2 940. 87
4 3920.44 3 921.26
5 4 900. 55 4 902.24
6 5 880. 66 5 882. 82
7 6 860. 77 6 862. 33
8 7 840. 88 7 843.70
9 8 820. 99 8 822.13
10 9 801. 10 9 799. 87
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5, =" X 100% (31)
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Fig. 13 System drift test chart of different wiring methods
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