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Article History: Most modern re-entry capsules adopt a sphere-cone geometry, a
. design primarily driven by the need for favorable aerodynamics and
Rece_zlved 21 June 2025 the capacity to endure severe thermal loads during atmospheric entry.
Revised 18 October 2025 These vehicles typically operate at a low lift-to-drag ratio, which is
Accgpted 20 Qctober 2025 achieved by intentionally offsetting the center of mass from the
Available Online 03 November 2025 sy mmetry axis to establish a specific trim angle of attack. In this
work, we analyze the dynamic behavior of such capsules in detail. By
Keywords: employing standard atmospheric models to derive density profiles, we
Space capsule calculate the aerodynamic forces acting on the vehicle and integrate
them into the 2-DOF planar equations of motion. Here, the capsule is

Atmosphere ent . : .
Landin% phase Yy treated as a point mass with angle-of-attack-dependent aerodynamic
Simulating coefficients. Our study further examines how parameters like the

entry flight-path angle, dynamic pressure, and initial velocity
influence trajectory stability under uncontrolled conditions. In such
scenarios, where active guidance effectors are absent, the vehicle’s
stability is dictated solely by its inherent aerodynamic and inertial
properties. Ultimately, this research clarifies how minor center of
mass perturbations affect passive re-entry stability, offering a
practical framework for designing more robust and cost-effective
recovery missions.
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Table 1. Atmospheric model.

ATITEE Densitiy(kg/m”3) | Temperature(K)
(km)
1 0.0 1.286000e+00 275.2
2 10.0 4.026000e-01 217.0
3 20.0 8.500000e-02 208.1
4 30.0 1.623000e-02 213.9
5 40.0 3.219000e-03 246.2
6 50.0 8.241000e-04 257.4
7 60.0 2.289000e-04 240.8
8 70.0 5.730000e-05 227.3
9 80.0 1.309000e-05 221.0
10 90.0 2.975000e-06 202.9
11 100.0 5.723000e-07 180.1
12 110.0 8.523E-11 239.1
13 130.0 6.879e-15 5384
14 140.0 3.483e-15 651.9
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