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Fig.1 The electrodynamic tethered satellite system
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Fig.2 The orbital frame of the tethered satellite system
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Fig. 3 Flowchart of the control strategy

B 2 T e e il B 7 SA5 B IS 25 HL I 1
i AL A R GE I 58 B 3h 1 S R T B R
HSHUEAN RELE I TIER . HPIES
ARAGIT O DR R G SR E W S 25 W L I A
AT ERER B IE , P B A R I A R R 42 o A

0, fQyu=0,H=0,¢
Iy= 5
fr, else
Inew:Iref+10+I¢ (29)
HA:
f1:7 [kH(HinitialiHre[)+ kH(Hmmal*Hrer)] (30)

Al by 5k AR 3 o 5 Hoen 2390 278
AU UGS S RS A H 5 Ho Fos R %
SRS A AR B A 1L 3R e R4 7 ik 1S
B S % R, 1, A 1, s T X 2 48 040 £

1

TR f177 10) 128 811R 2248 TE AP LI, L A B IE
R4 i FL IR A, Qe TR A
J

(mM — ms)[(e\ X B)-&
I L B i 7 28 A 5 % 3.

Q=

oH
sH=10,¢ (31)
2m

3 EHIR

AR 38 6T LR R [ 0 T 00 AT EOE 1
HETRT A0 BT = P B T i B RIOR . TR S B A
MATLAB (R2023a) I #f 17, % {5 8 #8138 1 oded5

RIGHTREMNYISH, R 2G5 THHA
] T30 T 2 58 1) 1R Bl S 400

REMESE

Tab.1 Physical parameters of the system
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Tab. 2 The initial orbital parameters of the system
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Fig.4 Deorbiting time under different control strategies in
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strategies 2 and 3 under restriction of 25°
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Tab.4 Deorbiting time under different restriction of

libration angles of control strategies 1 and 2
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Fig. 11 Deorbiting time under different control strategies in

65° inclined orbit
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Fig.12 Semimajor axis variation of orbit under different

control strategies in 65 inclined orbit
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Fig. 13 Semimajor axis height variation of orbit under

control strategies 2 and 3 in 65 inclined orbit
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65° inclined orbit
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Fig. 15 Current variations under different control strategies

in 65° inclined orbit
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strategies 1 and 2 under restriction of 12°
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strateies 2 and 3 under restriction of 18°
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Dynamics modeling and control design method for long-term
deorbiting of an electrodynamic tether system

YAN Jia-hui', CHEN Ti', WEN Hao', LUO Cao-qun', PENG Wen-zuan®, YUN Wei-dong’

(1.State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China; 2.Shanghai Institute of Aerospace System Engineering, Shanghai 201108, China)

Abstract: This paper investigates the dynamics and control problems of the long-term deorbiting of an electrodynamic tethered sat-
ellite system. The dynamics modeling of the system is carried out based on a dumbbell model assumption. To improve the accuracy
of the system model, the orbital dynamics is described using a set of modified equinoctial elements, involving the effects of Lorentz
force, atmospheric drag and J, perturbation force. Three current control strategies are proposed to regulate the electrodynamic forc-
es for achieving a stable long-term deorbiting process, namely, the constant current input, the directionally variable current input,
and the optimal control strategies. In the design of the optimal control strategy, the long-term deorbiting problem is formulated as
an inverse problem of dynamics with nonlinear constraints, which is further solved via a nonlinear programming method to obtain
the optimal reference trajectories. The deorbiting of the system is then achieved using the modified current control input obtained
from a tracking feedback control law. Additionally, an energy-based current switch control strategy is adopted to ensure the stabili-
ty of system and the efficient utilization of Lorentz force. Case studies of the system with designed physical parameters are conduct-

ed to analyze the deorbiting efficiency and to validate the effectiveness of the proposed control strategies.
Key words: tethered satellite system;electrodynamic; optimal control;long-term deorbiting
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