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Numerical-solution Initial-conditions for Rigid-body Trajectory

Differential-equations of Rotating Projectile

HUI Jianhao, WANG Yushi* , WEN Quan
(School of Mechanical Engineering, Nanjing University of Science and Technology ,Nanjing 210094, China)

Abstract; In order to solve the problem of initial conditions for the numerical-solution of the differential
equations of rotating-projectile rigid-body trajectory , the rigid-body dynamics theory was applied to analyze
the nutation and precession motion at the initial moment of trajectory. The range of values for the initial
nutation-angle and initial precession-angle of the projectile moving around the center of mass was
provided. By establishing the trajectory coordinate-system, the transformation relationship between the
initial velocity azimuth angle and the initial projectile-axis elevation angle,with the initial nutation angle
and initial precession angle ,was derived. While the initial nutation-angle and the initial precession-angle
are not zero, the initial elevation-angle of projectile axis is not equal to the firing angle, and the initial
azimuth-angle of the projectile axis is also not equal to the initial velocity azimuth angle. The 155 mm
gun-howitzer projectiles with bottom concave was taken as an example for simulation research. The result
shows that the initial nutation angle has an impact on the drift,as well as the nutation and precession laws
in its motion around the mass center. The initial conditions and values range provided for the numerical
solution of the trajectory can be used for numerical solution of the differential equations of rotating-
projectile rigid-body trajectory.
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Table 2 Simulation results of projectiles center of mass motion in exterior ballistics

with different initial nutation angle and initial precession angle
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Fig. 4 Exterior ballistics nutation law of projectile Fig.7 Exterior ballistics nutation law of the projectile
at the initial nutation angle of 0 at the initial nutation angle of 2.33°
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Fig. 5 Exterior ballistics nutation law of the projectile Fig. 8 Exterior ballistics nutation law of projectile
at the initial high-low attack-angle of 1.55 ° at the initial nutation angle of 3.10°
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Fig. 6 Exterior ballistics nutation law of the projectile Fig. 9 Exterior ballistics nutation law of the projectile

at the initial azimuth attack-angle of 1.55 ° at the initial nutation angle of 4.66°
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