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Abstract

The structure of satellite was of six parts of control system, power system, thermal control system,
remote measurement command system, propellant system and thrust system. In these parts, propellant
system consists of propellant tank and thrust device. What we want to perform is optimum design to
minimaize the weight of propellant tank. In order to design optimal propellant tank, several parameters
should be adopted from the tank geometry like the relative location of the lug and variation of the wall
thickness. So the analysis was executed by finite element analysis for finding optimal design parameters.

The structure was devided into 3 parts, the initial thickness zone, the transitional zone, and the weak
zone, whose effects on the pressure vessel strength was investigated. Finally the optimal lug location and
the three zone thickness were obtained and the weight was compared with the uniform thickness vessel.
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Table 1 The mechanical property of Ti-6Al-4V

Elastic modulus | E 1138%10° MPa
Poisson’s ratio ] 0.342
Density o 4428784 10" kg/mm’
Yield stress oy 1,069 MPa
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Fig.1 The structure of the propellant tank
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Table 2 The dimension of the lug
the end length of the lug 152 mm
the end width of the lug 26.9 mm

the side angle 45°

the end thickness of the lug 6.35 mm

the lug thickness attached to 94
the area of the tank wall 4 mm

the hole diameter of the lug fixed 702
the tank to the satellite structure ~ve mm
the hole length of the lug fixed the 1095 mm

tank to the satellite structure
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Fig.3 The finite element mesh of the quarter model
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Table 3 Maximum equivalent stress with respect to
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uniform tank wall thickness

thickness | ;| ;1 | 12 | 13 | 14 | 15
(mm)
Gemex | 1990 | 1176 | 1078 | 9925 | 9184 | 8533
(Mpa)
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Fig.7 The relationship between the equivalent stress

and the uniform tank wall thickness
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Fig.9 The relationship between the equivalent stress
and the weak zone thcikness (Bt=1.1mm)
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Fig.10 The relationship between the equivalent stress
and the transitional zone thickness (Bt=1.1mm)
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Table 4 Maximum equivalent stress with respect to
thickness variation of optimal ratio (a=40mm)

initial zone | transitional weak zone
thickness |zone thickness| thickness (oﬁ“’;)
® (mm) | (B) (mm) | (At) (mm) P
1 1.06 1.2 1096
101 1.0706 1.212 1090
1.02 1.0812 1.224 1071
1.025 1.0865 1.23 1066
1.03 1.0918 1.236 1060
1.04 1.1024 1.248 1050
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Fig.ll The relationship between the maximum
equivalent stress and the thickness variation

of the optimal
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