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* Rotation or rotational / rotary motion is the circular movement of an object around a central
line, known as an axis of rotation.
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* In physics, a rigid body, also known as a rigid object, is a solid body in which deformation is zero
or negligible, when a deforming pressure or deforming force is applied on it.
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Cuboid Rotation (Fading Trail) in Earth Frame

CEPEN

[1] L. D. Landau and E. M. Lifshitz. Mechanics. 3rd. Vol. 1. Course of Theoretical Physics. Translated from the Russian by
J. B. Sykes and J. S. Bell. Pergamon Press, 1976.

[2] Wikipedia contributors. Rotation matrix — Wikipedia, The Free Encyclopedia. Accessed: 2025-06-26.2024. urL: https:

//en.wikipedia.org/wiki/Rotation_matrix.
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import numpy as np

import matplotlib.pyplot as plt

a, b, c=2.0, 1.5, 1.0

m=1.0

I1 = (m / 12) * (b*x*x2 + c*x*x2)
I2 = (m / 12) * (c**2 + ax*xx2)
I3 = (m / 12) * (a*x*2 + b*x*x2)

I = np.array([I1, I2, I3])

omegalO = np.array([1, 1, 1]1) / np.sqrt(3)

def euler_eqs(t, omega):

domega = np.zeros(3)
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16 domega[0] = ((I2 - I3) / I1) * omegall] * omegal[2]
17 domega[1] = ((I3 - I1) / I2) * omegal[2] * omegalO]
18 domega[2] = ((I1 - I2) / I3) * omegal0] * omegal[1]
19 return domega

20

21 from scipy.integrate import solve_ivp

22

3 t_span = (0, 5)

% t_eval = np.linspace(*t_span, 20) # fewer frames

5 sol = solve_ivp(euler_eqs, t_span, omegaO, t_eval=t_eval)
26

7 def skew(omega):

2 return np.array([[0, -omegal[2], omegal1]l],
29 [omega[2], O, -omegalO]l],
30 [-omegal[1], omegal[0], 01])

31

» def dRdt(t, R_flat):

33 omega_t = np.array([np.interp(t, sol.t, sol.y[i]l) for i in range(3)])
34 R = R_flat.reshape(3,3)
35 return (R @ skew(omega_t)).flatten()

36
37 RO = np.eye(3).flatten()

33 S0l _R = solve_ivp(dRdt, t_span, RO, t_eval=t_eval)
3

0 X, 9y, z=al2, b/2, c/2

a1 vertices_body = np.array([

2 [x, y, zI,
3 [x, vy, -z],
4 [ x, -y, zI,
45 [ x, -y, -z],
46 -x, vy, zI,
7 -x, vy, -z],
48 [-x, -y, z],
49 [-x, -y, -z],
so 1)

si edges = [

52 (0,1),(0,2),(0,4),
53 (1,3),(,5),
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78

79
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84

=3
[

(2,3),(2,6),
(3,7,
(4,5),(4,6),
(56,7,

(6,7)

fig = plt.figure(figsize=(8,8))
ax = fig.add_subplot(111l, projection='3d"')

lim = max(a, b, c)

ax.set_xlim(-1lim, 1im)

ax.set_ylim(-lim, lim)

ax.set_zlim(-1lim, 1lim)

ax.set_box_aspect([1,1,1])

ax.set_title("Cuboid Rotation (Fading Trail) in Earth Frame")
ax.set_xlabel ("X")

ax.set_ylabel("Y")

ax.set_zlabel("Z")

for i, t in enumerate(t_eval):
fade_factor = np.exp((i - len(t_eval)) / 5.0)
alpha = min(1.0, fade_factor)
R = sol_R.y[:, i].reshape(3,3)
verts = (R @ vertices_body.T).T

for e in edges:

xline = [verts[e[0], 0], verts[el[1], 0]]
yline = [verts[el[0], 1], vertsl[e[1], 1]1]
zline = [verts[e[0], 2], verts[e[1], 2]]

ax.plot(xline, yline, zline, color='Cl', alpha=alpha, linewidth=1.8)

plt.tight_layout ()
plt.show()
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