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Abstract

Liquid sloshing is widely present in vehicles such as large liquid-filled spacecraft, heavy vehicles
with tanks, and ships. With the rapid advancement of the aerospace industry, modern spacecraft
often needs to carry a large amount of liquid fuel, and liquid sloshing can affect the attitude stability
and control precision of the spacecraft. Therefore, studying the dynamic behavior of liquid-filled
tanks under different excitations is crucial for achieving stable control of spacecraft. During the at-
titude adjustment process of a spacecraft, the inertial and gravitational forces can cause the liquid
fuel to slosh violently, accompanied by impacts against the tank walls. Consequently, this paper es-
tablishes an equivalent mechanical model for liquid sloshing based on the classical vibro-impact
system with bilateral constraints. Using Poincaré map theory, the amplitude and frequency of the ex-
ternal excitation are investigated. The research indicates that under the influence of different param-
eters, the system exhibits rich dynamic behaviors. As parameters vary, the system demonstrates an
alternation between periodic and chaotic motions. Under certain parameter conditions, the system
also presents nonlinear phenomena such as grazing bifurcation and period-doubling bifurcation. This
study provides a foundation for subsequent nonlinear dynamic analysis of liquid sloshing in space-
craft.
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Figure 1. Equivalent mechanical model for liquid sloshing:
(a) Pendulum model; (b) Spring-mass model
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Figure 2. Two-degree-of-freedom vibro-impact system
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Figure 3. Crossing of trajectories in phase space
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Table 1. Parameters of the two-degree-of-freedom collision vibration system for liquid sloshing
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Figure 6. Phase diagram on the Poincaré section
6. PEfnsedE LaIEE

K7 RoR KRR SE BT B U REESR B R G rh, SNBIR Q 0 RGEsh J1 AT IR . 2 Q B
(ERVN, WARSRENIERERUN, AR BRI M. BEE Q HIDIRKX, AT iz Bl F g,
RGRENARLNES) T AR XIS, AR BRI X 6], R FEZRIUONAE a3, RV
S5 SUERE IR B AT R E, rhlE I E SR . 2 Q BEARIX IR, RERIHRMIEZ), *
W AR SE B 20 AR, RiEFEAT MR s, el U B RENLYE . A Q ZHIXRA, RGER Iz
). IRTIEH) . WIS AN 18 2 IR, KRBT WRAA SE Bl R G IR TR AR A R U

10

—_

i J R W’

2+ 4 / w \ H { —

([ — n’(f 5/%{45’1& §1 | 2 ‘ ‘
15 2 2

0 05 1 5 3 35 4 45 5

Q

Figure 7. Global bifurcation diagram for parameter Q

E7. XFTomeRseE

K 8 R T R G K2R U AR BE AN AR Q AR . AR HUR A 2 SEis 2 15T ) 2 2K
. BEE QHIIEK, RGP SR 2R : EIRX TR NI, MIRIEZ),; £
I IR X (A R BAS 2 i, RIUDAERE RIS EN. ZIERAE 1R SE 3 2 Gt U 224k 18
Tk

DOI: 10.12677/aam.2026.155238 401 N H it e


https://doi.org/10.12677/aam.2026.155238

<
[

o
~
T
el
1

=]
W
===

o
o

# _
|
| 'LM/

0 05 1 1.5 2 2.5 335 4 45 5
Q

2 K Lyapunovii 41
e

Figure 8. Lyapunov exponent diagram diagram for parameter Q
8. XT QMRAFHEIERIEHE

4 10
3t 8
2_
at
1_
X Or X 0
[ ]
-1 -2
4
2t
6
3F 8t
-4 -10
-4 -3 -2 -1 0 1 2 3 4 -10 -5 0 5 10
X X
(@ Q=05 (b) Q=15
10 w 5
8+ 4l
6k
4: 3
2. 2 ﬁ =
X 0+ X 1 -. £
-2 0 T .'
4 i 8
- _1
6
-8t ] -2+
-10 ; L 1 -3 : : : - .
-10 -5 0 5 10 4 3 -2 -1 0 1 2 3 4
X X
(c) =18 d) Q=22

DOI: 10.12677/aam.2026.155238 402 I Hadt f


https://doi.org/10.12677/aam.2026.155238

P, AR
10 5
8 at
6
3,
4
2 2 = 5
X 0 ° X aff
2 0 &
4 ’ *
-1t
6
8t -2F
-10 : : -3 - - : ' - ' '
-10 5 0 5 10 -4 -3 2 -1 0 1 2 3 4
X X
(e) Q=3 ) Q=38
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