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Application of a High-Precision Quantitative Measurement
Method on the Fuelling System of Upper Stage

GUO Mingjie, CHEN Chuanbao, ZHANG Yongjiang, WANG Liang, GAO Yanfeng

(Beijing Institute of Space Launch Technology. Beijing 100076, China)
Abstract: The accuracy requirements of the fuelling system of upper stage for launching Beidou
satellites and the actual accuracy of conventional propellant fuelling system are briefly introduced.
A novel ground quantitative measurement method is proposed to meet the high-precision require-
ments of upper stage on the fuelling system, which combines electronic scale and mass flow rate
controller. Detailed theoretical calculation and analysis of the measurement method are conducted,
which show that this method has high accuracy and satisfies the requirement of upper stage on fu-

elling system accuracy.
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Fig. 1 Electronic scale measurement method
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Fig. 2 Combined measurement method
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Fig. 3 Experiment system of combined measurement
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Tab.1 Experiment results of combined measurement
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L, R o pHL L ) o WO RYE
i e Lyg/L KAk kaX 10-4/1) RIS Ma</kg Mipim/kg Mmaw /ke SRS BT N
Jr g °/L . ) . HIRZE/ KE JERZS g
# R I RE B FERAE kg
1 9904 =K 1.293 0 1. 006 12. 883 a a+12.6 a+12.7 12.7 0.1
2 10 069.5 =X 1.293 0 1. 006 13.098 a a+12.8 a+12.9 12.9 0.1
3 10 893 =X 1.293 0 1. 006 14.17 a a+14.2 a+14.3 14.3 0.1
4 11 839 %=X 1.293 0 1. 006 15.4 a a+15.4 a+15.5 15.5 0.1
=
5 Fk 5789.2 R 1.293 0 1. 006 7.53 b b+17.5 b+7.6 7.6 0.1
Vi
6 7499.3 R, 1.293 0 1. 006 9.75 b b+9.7 b+9.8 9.8 0.1
7 6 365.5 &R, 1.293 0 1. 006 8. 28 b b+9.3 b+9.5 9.5 0.2
8 5975.9 &K 1.293 0 1. 006 7.77 b b+7.8 b+7.9 7.9 0.1
9 5944.2 R 1.293 0 1. 006 7.73 b b+7.7 b+7.8 7.8 0.1
10 8524 HA 1.250 0 1 10. 66 a a+11 a+11.1 11.1 0.1
=
11 ifh 9890 AA 1.250 0 1 12. 36 a a+12.8 a+12.9 12.9 0.1
12 45: 10 656 A 1.250 0 1 13. 32 a a+13.9 at14 14 0.1
13 10173 AR 1.250 0 1 12.72 a a+13.2 a+13.5 13.5 0.3
14 fg— 5601 &S 1. 250 0 1 7.00 b b+7 b+7.1 7.1 0.1
15 W 5752 &AK 1.250 0 1 7.19 b b+7.2 b+7.3 7.3 0.1
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Tab. 2 Measurement precision of fuelling system in applications
EIET TN A B IR R
I 4 4 — A s = E
7 LT RS % RYGEERE % LT RS ARG b/ %
1 —0.42 0. 00 —0.37 0. 00
2 —0. 42 0.01 —0.38 0. 00
3 —0.48 0.01 —0.31 0.01
4 —0.49 0.01 —0.38 0. 00
5 —0. 48 0.01 —0.35 0. 02
6 —0.48 0.01 —0.37 0.01
7 —0.47 0.01 —0.37 0. 00
8 —0.63 0.01 —0. 40 0. 00
9 —0.61 —0.01 —0.39 0. 00
10 —0.46 0.01 —0.39 0.01
11 —0. 46 0.01 —0. 39 0. 00
12 —0.81 0.01 —0.38 0. 00
13 —0.77 0.01 —0.28 0. 00
14 —0.42 0.01 —0.28 0.01
15 —0.37 0. 00 —0.31 0. 00
-2 {E —0.52 0. 00 —0.36 0. 00
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