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Abstract

In order to improve the reliability of the spacecraft micro cold gas propulsion
system and realize the precise control of the spacecraft attitude and orbit, a
micro-thrust, high-precision cold gas thruster is carried out, at the same time
due to the design requirements of the spacecraft, this micro-thrust should be
continuous working more than 60 minutes, the traditional solenoid valve
used for the thrusts can’t complete the mission, so a long-life micro latching
valve is developed as the control valve for this micro thruster, because the
micro latching valve can keep its position when it cuts off the outage. Firstly,
the authors introduced the design scheme and idea of the thruster. Secondly,
the performance of the latching valve and the flow characteristics of the noz-
zle were simulated. Finally, from the experimental results and compared with
the numerical study, it shows that the long-life micro cold gas thruster de-
veloped in this paper meets the mission requirements.
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1. Introduction

In 21% century, various space nations and organizations have developed deep
space exploration plans. Deep space exploration needs a long lifetime and high
efficiency propulsion system.

With the development of science, space, aviation, navigation and land gravi-
metry have formed a complete system of earth gravity measurement. They com-
plement and verify each other, which greatly improves the credibility and accu-
racy of the earth gravity field model. When using satellite gravity technology to
acquire gravity data, it can acquire all-weather data. It has high efficiency, uni-

form base point, uniform resolution and accuracy. Satellite gravimetry can ob-
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tain the complete structure of the global gravity field, thus providing accurate
gravity field and ocean circulation data support for resource exploration, envi-
ronmental monitoring, precise navigation and other fields. In order to control
satellite attitude, a micro-thrust, high-precision cold gas thruster is carried out.
Surrey Space Technology Limited (SSTL) of the University of Surrey, UK, has
made many achievements in the field of micro satellites, and has successfully
launched many micro satellites of practical value, such as Alsat-1, UK-DMC,
NlgerlaSat-1, BiSat-1 and so on. MOOG’s cold gas propulsion system has been
validated in CHAMP and GRACE satellite projects [1] [2] [3] [4] [5].

The micro cold gas thruster developed in this paper is used for control the space-
craft orbit, requiring that it should be continuous working more than 60 minutes.
At the same time, due to the design requirements of the whole satellite, the power
supply voltage is 21 V - 29 V. If the traditional solenoid valve is used for the thrust’s
control valve, the temperature of cold gas thruster will rise when the thruster long
time working, in order to improve the reliability of the satellite propulsion system
and realize the precise control of satellite attitude, a long-life micro latching valve
was developed as the control valve of the micro gas thruster [6] [7] [8] [9]. The
structure characteristics of the valve were analyzed. The performance of the latch-
ing valve and the flow characteristics of the nozzle were simulated. Finally, from the
experimental results and compared with the numerical study, it shows that the
long-life micro cold gas thruster developed in this paper meets the mission re-
quirements [10] [11] [12].

2. Structure and Principle

The cold gas micro thruster mainly consists of inlet joint assembly, orifice plate

assembly, fluid control valve, nozzle and so on, as shown in Figure 1.

2.1. Design of Fluid Control Valve

Fluid control valve adopts latching valve, the following aspects are mainly con-
sidered in the structural design of the latching valve:
In order to meet the requirement of miniaturization, the internal and external

threads are cancelled in this latching valve, at the same time, permanent magnet
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Figure 1. Schematic diagram of micro cold gas thruster structure.
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locks are adopted.

The magnetic circuit structure of latching valve is suction type, and the latch-
ing valve is in suspension state by means of unilateral suspension. The friction
between the moving parts and the valve body is avoided, and the friction-free
suspension design of the product is realized.

The product has no self-contamination defects in the process of movement.

2.2. Nozzle Structure Design

Laval nozzle is used as the thruster’s nozzle. Because this structure is easy and
high reliability.

1) In order to achieve thrust accuracy, the orifice plate adjusting mechanism is
set at the entrance of thruster to achieve thrust regulation.

2) In order to meet the requirements, a control baffle is set between the latch-
ing valve and the Laval nozzle to avoid the radiation of the latching valve by sun-
light or cosmic particles.

According to the design specifications for the Laval nozzles, the following pa-
rameters are mainly selected based on comprehensive considerations of specific
impulse, size, and other requirements:

e Specific heat ratio (K), 1.4 (N,).

e Maximum working pressure, 0.17 MPa, P,.
e Expansion ratio, 0.0006.

e Convergence angle, 25 ("), 30°.

¢ Expansion angle, 2a(°), 30°.

According formula 1 and 2, we got the throat diameter of the product calcu-
lated is 0.47 mm.

F=nC.PA4, (1)
2 (k+1)/ (k1) (k=1)/k
C, = 2k (L] 1_(&] @)
k=1\k+1 )2
In formula 1 and 2:

e ---——-- correction factor.
o (Cp------ thrust coefficient.
o A throat area.
o P---e-- inlet pressure.
o Pe- outlet pressure.

3. Numerical Simulation of the Thruster

3.1. Simulation of the Latching Valve’s Structure Strength

In order to assess the compressive strength of the latching valve, mechanical simu-
lation was conducted on the inner cavity of the self-locking valve using finite ele-
ment software. The simulation was conducted at an internal pressure of 0.8 MPa.
After analysis, the maximum principal stress on the valve body was 4.6 MPa, which
was far less than the yield strength of the material of 400 MPa, as shown in Figure 2.
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Figure 2. Strength analysis of valve body.
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3.2. Simulation of the Latching Valve’s Switching Performance

o Electromagnetic static characteristics simulation

The electromagnetic static characteristic of the latching valve is analyzed by

the finite element analysis [13]. The static characteristic of the magnetic circuit

mainly reflects the relationship between the initial suction and the electromag-

netic force of the valve. It is used to determine the working point of the magnetic

circuit of the valve. The static calculation result of the magnetic circuit of the

product when the maximum working air gap is 0.4 mm is shown in Figure 3. 26

V is the rated design point of the working voltage, the initial suction of the valve
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is about 12.89 N. From the simulation results, it can be seen from the simulation

results, it can be seen that compared to the load force of 0.301 N at the highest

working pressure of 0.2 MPa of the valve, its opening margin is greater than 2.

e Electromagnetic dynamic characteristics simulation

During the whole movement of the armature, the load on the armature varies.

The electromagnetic transient characteristics of the product at 26 V and 20°C

were simulated by finite element method. The results were shown in Figure 4

and Figure 5.
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Figure 3. Static simulation result.
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Figure 4. Switching response curve.
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30.00

According to the above simulation results, we known that the switch reliabili-
ty of the latching valve designed in this paper is sufficient, it can meet the oper-
ating conditions of the product in orbit.
¢ Simulation of the thruster’s nozzle

According to the parameters obtained from formula 1 and 2, we use the CFD
software Fluent simulated the performance of the Laval nozzle, the results were

shown in Figure 6.
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Figure 5. The resultant force curve of the armature during the switching process.
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Figure 6. The pressure distribution of the Laval nozzle.
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Table 1. Experimental result.

performance design value experimental result
thrust 40 mN X (1% =+ 5%) 39.14 - 40.12 mN
rus
(0.17 Mpa) (0.17 Mpa)
Open: <20 ms <10 ms

Switching response time
Close: <20 ms <10 ms

From the pressure and velocity distribution, we know that when the throat

diameter is 0.47 mm, the requirement of the thrust of 40mN is met.

4. Experimental Study

By the thrust measurement device, we got real thrust of the thruster designed in
this paper.

The experiment result is shown in Table 1, form the experimental study, it is
shown that the long-life micro cold gas thruster developed in this paper meets

the mission requirements.

5. Conclusions

We can get the conclusion as follows:

o As this micro-thrust should be continuous working more than 60 minutes,
the traditional solenoid valve used for the thrusts can’t complete the mission,
because the latching valve can keep its position when it cuts off the outage, so
we choose the latching valve as the thrust’s control valve.

e From the structural strength simulation, we knew that the maximum prin-
cipal stress on the valve body was 4.6 MPa, which was far less than the yield
strength of the material of 400 MPa.

e According to the Latching Valve’s Switching performance simulation and
experimental results, we know that the switch reliability of the latching valve
designed in this paper is sufficient, it can meet the operating conditions of
the product in orbit.

e From the experimental results and compared with the numerical study, it
shows that the long-life micro cold gas thruster developed in this paper meets

the mission requirements.
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