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Fig. 3 Schematic diagram of the primer vector of

the minimum-thrust solution
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Table 2 Nonlinear programming model of

the minimum-thrust solution (NLP2)

optimization parameters A (to), Ay (to), F
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Fig. 5 Schematic diagram of the primer vector of

the critical thrust amplitude
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Table 3 Reset of optimal thrusting switching sequence

Characteristic change of characteristic change of switching
value value sequence
. 1t - 1 add Qf—On
minimum
1~ -1t remove QF—On
. 1t - 1" remove On—@
maximum
1m -1t add On—a@r
- 1t -1 add initial coast
initial value o
1~ -1t remove initial coast
. 1t -1 add terminal coast
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1~ -1 remove terminal coast
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Table 5 Nonlinear programming model for solving

the critical thrust amplitude (NLP4)

optimization parameters A (to) , Ay (to) , ti, ts, F

mibfoT F) dt)
r(t) = r(to) , v (tr) = v(to)
pt)=1pls)=Lpu>1Lp<1
Eq. (15)
thrustarc : Eq(1);
coastarc : Eg(4)

performance index
constraint conditions {

equation for costate variables

equation for state variables {

P Pu

Py

fh t; t t; t; ok
6 NLP4HAHAR s & K]

Fig. 6 Schematic diagram of some variables in NLP4
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SR 0T R ik LR SO0 IR an NLP3.

F 6 BRimHE N HAMAFAELIE MR REL (NLP5)
Table 6 Nonlinear programming model of the fuel-optimal

solution with impulsive thrust (NLP5)

optimization parameters A (to) , Ay (to) , tim, AVim

Na
performance index Zv || AViml|
im=1
r(t;) =r(to),v(ts) = v(t
constraint conditions (t) (to), v (tr) ()
p(tim) =1
equation for costate variables Eq. (15)

equation for state variables coast arc: Eq. (4)
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.
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A 2422 2 km (115

WEsE WM T 24 2 h (7200 sy i s2BL 1835
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.
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T
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ME I BRORL B AR (1) — B 0 L2 A1

Hl a=1/T = 1/72000C &4), 5305 1 Mk
(I HE e A

Fo = llAvi]| + ||Avz|| = 8.206 9 N (43)
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Fig. 7 The primer vector (slow fly-around)
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Table 7 Optimal thrusting switching sequences and

corresponding range of thrust amplitude (slow fly-around)

optimal thrusting
switching sequences amplitytie
On—Of—ON—Of—On [7.4412 87850]x 107
Off—On—Off—ONn—Of—On—Off  [8.7850% 1074 + o)

P HE 1 Wl B A 4 R A5 2 F) i A RO e L A
] A Y bang-bang? il -k “ 423" Ll RS
S M BN PR S FE KR Av, Wil 8 s, Ak
(K]« A3l F AR U AR R — N HE IR EAE AT TR
B e, BIAT 43 2% HE IR EZKF R 1L bang-
bang 7 il £k UL AH MR s 3R kb B, 24 F =
1x 1072 N Itf, AI& 8 AT LLH A3 2R LT 5751
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t R H LK Av ] LUK | A5 3
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9(a) HH, i Sk s 1) s =k A IO HE ) 7 i) ]
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Fig. 8 Bang-bang control and total velocity impulses with the change of
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Fig. 9 Relative trajectories (slow fly-around)
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Fig. 10 The primer vector (fast fly-around)
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Fig. 11 Bang-bang control and total velocity impulses with the change
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Fig. 12 Relative trajectories (fast fly-around)
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Fig. 13 The primer vector of fuel-optimal solution with impulsive thrust
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Fig. 14 The primer vector (planar fast fly-around)
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Table 8 Optimal thrusting switching sequences and

corresponding range of thrust amplitude (planar fast fly-around)

optimal thrusting switching sequences range of thrust amplitude
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THRUST-AMPLITUDE CONTINUATION DESIGN APPROACH FOR SOLVING
SPACECRAFT OPTIMAL CONTROLLED FLY-AROUND TRAJECTORY Y

Zhu Xiaolong'™ Liu Yingchurt Gao Yang?
*(Technology and Engineering Center for Space Utilization, Chinese Academy of Sciences,1Béijiag Ching
f(University of Chinese Academy of Sciences, Bellid@049 China)

Abstract A continuation approach in which the thrust amplitude is the continuation parameter is proposed to solve the
fuel-optimal spacecraft fly-around trajectories. On the basis of the two-impulse solution, the minimum thrust amplitude
that ensures the feasibility of the fly-around trajectory is obtained by replacing impulsive thrust with finite thrust and
decreasing the thrust amplitude gradually. Once obtaining the minimum-thrust solution, the thrust amplitude is increasec
step by step and the optimal thrusting switching sequence is determined by the primer vector in each step. Consequent!
the fuel-optimal trajectories with both finite thrust and impulsive thrust are obtained by continuation from the minimum-
thrust fly-around trajectory solution. By continuation on all feasible thrust amplitudes, the fuel-optimal solutions with
both finite thrust and impulsive thrust are solved, and the costate variables in the optimal control problem are no longer
acquired randomly. Numerical examples of slow and fast fly-around trajectories shoffiett®/eness of the proposed
continuation approach.

Key words fly-around trajectory, continuation approach, trajectory optimization, fuel-optimal, finite thrust, impulsive
thrust
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