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Design and calibration experiments of multi-range torsional pendulum

thrust measuring device
WANG Qingqing, JIA Junwei’, WU Yujing, LI Shaofei, DONG Xuejiang, LANG Hao
(Beijing Oriental Institute of Metrology and Measurement, Beijing 100089, China)

Abstract: Aiming at the problems that the thrust range of medium and high power electric thrusters for satellites is large and the ex-
isting thrust measurement devices have incomplete measurement range and poor anti—interference ability, the research of multi-range
three—filament torsional pendulum thrust measurement device has been carried out. The physical model of the thrust measurement de-
vice was established, the mathematical relationship between the thrust force and the deflection displacement was studied, and the design
of the multi-range three—filament torsional pendulum thrust measurement device was realized. The measurement device was calibrated
using standard weights and custom weights, and the measurement errors at each range were determined by calibration experiments. The
uncertainty assessment of the device was carried out by considering the uncertainty influencing factors comprehensively and designing
relevant experiments. The experimental results showed that the uncertainty of the multi-range three—filament torsional pendulum thrust
measurement device was 0.030 mN (k=2) for a small thrust of 98 mN, 0.068 mN (k=2) for a medium thrust of 490 mN, and 0.092 mN (k=2)
for a large thrust of 980 mN in the same experimental environment. The multi-range torsional pendulum thrust measurement device uses
the measurement method of changing gears to achieve thrust measurement in the range of 9.8~1029 mN with high measurement accuracy
and strong anti—interference capability, which solves the problem that it is difficult to guarantee the full range accuracyin the process of
wide range thrust measurement, and provides technical support for the thrust measurement of medium and high power electric thrusters.
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Tab.1 Repeatability test results of thrust measurement system

Mt R H F, /mN
) YRR
10 g ik 50 fif:t 100 g fif:fth

1 98.35 491.96 98.35

2 98.44 491.23 98.44

3 98.38 490.87 98.38

4 98.32 491.50 98.32

5 98.33 490.79 98.33

6 98.39 491.21 98.39

7 98.35 490.86 98.35

8 98.41 491.24 98.41

9 98.31 491.57 98.31

10 98.40 491.18 98.40
SFHTEF,) 98.37 491.24 98.37

2(Fu=F,) u, (F,,=0.012 u, (F,)=0.032 u, (F 3 )=0.045

m

el

KO S5 BHE i e EE 35 1 il =

Fig.9 Schematic diagram of friction test of weakly

damped pulley
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Fig.10  Friction test setup of weakly damped pulley
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Tab.2 Experimental data of friction test

T M F, /mN
%14 10 g ik 50 g fitfi% 100 g kD
1 0.15 0.82 1.61
2 0.12 0.84 1.61
3 0.16 0.82 1.64
4 0.13 0.80 1.60
5 0.14 0.81 1.60
6 0.13 0.82 1.61
7 0.16 0.85 1.60
8 0.14 0.82 1.64
9 0.16 0.84 1.62
10 0.16 0.84 1.62
SN 0.16 0.85 1.64
Uy = LI 0.092 mN (10)
J3
JNEE 50 g fERS I AE BRI ) 51 A BN 2 B
u32=i=0.49mN (11)
V3

JINEE 100 g iR A A EEYE 15| A BIANH XE R
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Fig.11
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Tab.3 Combined uncertainty at different measuring points

W 2 w,/mN 1,/mN 1y/mN w,/mN ug/mN é%*’?ﬁﬁff L
10 g(98 mN) 0.012 0.00034 0.092 0 0 0.093
50 g(490 mN) 0.032 0.00058 0.490 0 0 0.490
100 g(980 mN) 0.045 0.00087 0.950 0 0 0.950

24.6 TR
Bok=2, ¥ REAHEE UES (14) #4751
B, AR R Y R A 2 WL 4.
U(AF) =k X u,(AF) (14)
(4 FREMETHY ERHLE

Tab.4 Expanded uncertainty at different measuring

points
LIRSS P IRAHE L UCAF)/mN
10 g(98 mN) 0.19
50 g(490 mN) 0.98
100 g(980 mN) 1.90
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