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Section S1

The equilibrium point of Eq. (10) is E™=(x1", y1",
x2", y2", ). For the derivation of the equilibrium point
E”, we impose the condition that the right-hand side of
Eqg. (10) is equal to zero as
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By calculating Eq. (S1), we can obtain:
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and y," in Eq. (S2) can be derived from the following
equation
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To analyze the stability property of E*, we

compute the Jacobian matrix of Eq. (10) at E” as

‘]21 J22 0 ‘]24 ‘]25

J=l0 0 J, J, 0] (S4)
0 ‘]42 ‘]43 ‘]44 ‘]45
0 J J, 0

where 311:—8.1/91, \]12:1/91, ngzllgg, J22:—b1/gz,
Joa=(C+d1z")/Q2, Jos= d1y2"/Q2, Jaa=—a2/Qs, Jau=1/gs,
Jap=(—C+d2z")/Qa, Jas=1/Qa, Jas=—D2/Qa, Jas=d2y1"/ga,
Jso=—ey>", Jsa=—ey1’.

Then, the characteristic equation can be
expressed as

f(1)=[A-J|=0. (S5)

By algebraic simplification, the characteristic

equation in Eq. (S5) can be derived as
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where Ao, A1, Az, As, As and As are shown in Eq.
(S13).

Based on the Routh-Hurwitz stability criterion,
the equilibrium point E* is locally asymptotically
stable if and only if all coefficients of the character-
istic equation are positive. In addition, all the ele-
ments in the first column of the Routh array are posi-



tive. That is,
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where Mi=A1A4 — A5, M>=A1A> — As.

It is clear that if the inequality given in Eq. (S7)
is satisfied, the equilibrium point E” is asymptotically
stable. In contrast, if the condition in Eq. (S7) is vio-
lated, E” becomes an unstable equilibrium point.

The vector field of the system in Eq. (10) is de-
scribed as
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Then, we compute the divergence of the system
in Eq. (10) as follows:

of of, of, of, of.
=14+ 324 44>
ox Oy, OX, 0y, 0z

9% 9 9 O

vV
(S9)

Since the values of ai/g1, b1/g2, a2/gs and b2/gs in
Eqg. (S3) are all positive, it follows that VV < 0. The
dynamical model given by Eq. (10) represents a dis-
sipative system with exponential convergence as
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When the time tends to infinity, the trajectory of
the electromechanical system in Eq. (10) shrinks to an
attractor.

Next, we calculate the Lyapunov exponents
when the initial values of the dimensionless electro-
mechanical system model in Eq. (10) are selected to
be (x1(0), y1(0), x2(0), y2(0), z(0))=(0.2, 0.1, 0.1, 0.2,
0.1), and the parameters mo and iex: are assigned val-
ues of 1 and 0.05, respectively. The Lyapunov expo-
nents are obtained as LE; = 0.2031, LE; ~ 0.0007286,
LEs ~ —0.00048762, LEs ~ —0.0015, and LEs =~
—2.2028. The Lyapunov dimension in Eq. (10) is
defined as
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where LE; represents the Lyapunov exponent of Eq.
(10). Thus, the model in Eq. (10) has
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~ 4.0916.

The expressions for Ao, A1, A2, As, As and As in
Eq. (S6) are as follows:
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