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Abstract: The traditional electric propulsion feeding system has the problems of huge weight and volume,
which is not adapted to micro—satellite missions. In order to solve these problems, a small, light and low—cost mi-
cro electric propulsion feeding system was designed and built. The capillary made of composite PEEK is used to
replace the metal capillary for micro flow control. The experiment with Krypton as working gas verified that it can
provide a stable mass flow of 0.0291~0.4145mg/s within + 1% control accuracy. Secondly, the system—-level one—
dimensional transient model was constructed in Amesim for simulation of the micro electric propulsion feeding
system. The comparison between simulation and experiment results verified the effectiveness and accuracy of the
model. The further analysis of the simulation results illustrated the operating characteristics of the system from
opening section to stable section, such as pressure overshoot, flow fluctuation in the stable section, and the in-
fluence of the key parameters such as the spring and diaphragm stiffness of the pressure reducer, and the inner
diameter of the capillary. Through analysing the dynamic changes of the thermal state parameters for each compo-
nent, the physical mechanism of the coupling effect of flow, heat transfer and control in the process of the supply

of working gas to the downstream was revealed.
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Fig.1 Design scheme of storage and supply system
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Fig. 2 Micro electric propulsion storage and supply system
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Table 1 Module breakdown of micro electric propulsion feeding system

Module name Module type Identifier
Gas cylinder module Two—phase volume TPVOL
Gas cylinder switch module Two—phase cylinder through valve TPCTV
Pipe module Two—phase pipe TPP
Mechanical pressure reducing valve module Two—phase mechanical pressure reducing valve TPMPRV
Micro flow controller module Two—phase micro flow controller TPMFC
Outlet fluid source module Two—phase source TPS
Table 2 Structure and state parameters of mechanical pressure reducing valve
Component Structure parameter Value
High—pressure chamber volume/m® 2.04x107°
High—pressure chamber
Active area of high—pressure gas acting on spool/m* 8.04x107
High—pressure chamber Diameter of valve seat/m 4.80x107°
Low—pressure chamber Flow coefficient at throttle of pressure reducing valve 0.80
Low—pressure chamber volume/m* 4.66x107°
Low—pressure chamber
Active area of low—pressure gas acting on spool/m* 6.03x107
Main spring chamber Active area of air acting on diaphragm/m? 7.00x107*
Stiffness of auxiliary spring/( N/m) 4x10°
Pre—compression amount of auxiliary spring/m 3.45%107?
Spring Stiffness of main spring/(N/m) 3%x10’
Pre—compression amount of main spring/m 2.78x107
Forward and reverse stiffness of diaphragm/(N/m) 2.00x10°
Diameter/mm 1.60
spool Mass/g 1.20
Movable range/mm 0~1.25
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Fig. 6 Model of micro electric propulsion feeding system
Table 3 Main parameters of simulation model of feeding system
Name Parameter Value
Whole system Initial temperature of environment and each component/K 298.15
Volume/L 0.22
Gas cylinder Initial pressure/MPa 2
Material heat transfer coefficient/(W/(m?-K)) 60
Pipe Initial pressure in pipe/MPa HBelore slehing valve)
Maximum diameter of spool / upper limit of movement/mm 4.8/1.25
Mechanical pressure Half-angle of conical spool/ (°) 45
reducing valve Diameter of valve seat hole/mm 1.6
Initial pressure of high/low pressure chamber/MPa 0.101325
Initial pressure/MPa 0.101325
Micro flow controller (Maximum) flow coefficient 0.067
Material heat transfer coefficient/( W/(m*+K)) 0.5
Outlet fluid source Pressure/MPa 0.101325
(ambient atmosphere ) Heat exchange coefficient with metal outer wall of each component/(W/(m?-K)) 6
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