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Geometric Parameters Optimization for Tank Lightweight Design
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(1. Graduate School, Space Engineering University, Beijing 101416, China;
2. Department of Aerospace Science and Technology, Space Engineering University. Beijing 101416, China;

3. Department of Electronic and Optical Engineering, Space Engineering University, Beijing 101416, China)

Abstract: To effectively reduce the mass of propellant tank and improve the payload carrying
capacity of liquid rocket, an optimal method for the geometric parameters of propellant tank is
proposed. Establishing the ellipsoid cylinder tank model and following theory of material
mechanics, the stress of tank structure is analyzed, and the formulas of the meridional stress and
hoop stress of tank bottom, cylinder and roof are derived. On the premise of ensuring the
reliability of tank stress intensity, the maximum equivalent stress of tank is defined according to
the stress distribution characteristics of tank and material strength criterion, and then the wall
thickness parameters required for the tank design are determined. Obeying the design
requirements of the propellant tank, the constraint relation between the tank mass and the design
parameters are determined, and the tank radius and ellipsoid norm are optimally designed with
the optimal objective to minimize the tank mass. Taking the design parameters of a rocket tank as
an example, the mass of optimized tank and the original mass are comparatively analyzed. It is
revealed that when the radius is unchanged and the ellipsoid norm is lowered by 0. 02, the tank

mass is then reduced by 5.7 kg; when the ellipsoid norm is unchanged and the radius increases
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0.02 m, the tank mass is then reduced by 15. 2 kg.

Keywords: propellant tank; stress analysis; tank radius; ellipsoid norm; optimal design
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