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Recent advancements in science and technology have enabled even microsatellites to perform various high-level tasks. As
the range of missions that satellites undertake expands, even microsatellites now require thrust systems for orbit adjustment
and collision avoidance. In such satellite applications, sizes and weights of all electrical components and propulsion
systems are restricted, emphasizing the importance of miniaturization and weight reduction. Research is ongoing in various
methods to address these needs. To solve these challenges, this study proposed a design model for miniaturizing and
lightening both Anode Power Module (APM) and gas supply system. The APM utilizing an LLC resonant converter
achieved an efficiency of up to 86%. An evaluation of flow control characteristics of the proposed gas supply device
showed that the flow control error was less than 2.3%, indicating effective results. A thermal mass flow sensor was
developed to measure the flow of gas. Temperature characteristics derived from experiments were analyzed to assess their
applicability to electric thruster systems for satellites.
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Table 1 Parameter definitions of an LLC resonant converter

Table 2 Design specifications of an LLC resonant converter

Parameter Define Parameter Value
Characteristic impedance [Z] AN (L/C)) Input voltage [V] 28
Quality factor [Q] Q=7Z/R Output voltage [V] 250
Resonant frequency [w,] o,=1/ J (L,C) Output max current [A] 1
Series inductance [L,] L,=Lnt+Ly Output power [W] 250
. L, = Ly, + L, //n?Ly, Switching frequency [kHz] 300-450
Resonant inductance [L,] = L+ Luf/Ly, Resonant frequency [kHz] 450
Inductance ratio [k] k= L,/L,
Equivalent resistance [Reg] R = (8n2V§)/ (nzPo) = Ve ™
2(V,+2V,)

Gain Curves of LLC Resonant Converter for Different Q Values
f;ll

Gain

0 0.5
Normalized Frequency fmlfr

Fig. 3 Voltage gain curve of an LLC resonant converter
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Table 3 Design parameters of an LLC resonant converter

Parameter Value
Equivalent resistance [Q2] 0.63
Resonant capacitance [nF] 754
Resonant inductance [nH] 135

Magnetizing inductance [nH] 403

Quality factor [Q] 0.67
Inductance ratio [k] 3

Transformer ratio [n] 1:18

72mm

100mm
Fig. 4 Prototype of LLC resonant converter
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Fig. 5 Configuration of the existing gas supply system
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Fig. 9 Configuration of the gas supply system and flow sensor
experimental setup
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