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ABSTRACT

This paper deals with spacecraft intercept problem on non-coplanar elliptical obit
considering J2 perturbation. This disturbance addressed in this work is a major factor
changing the trajectory of a spacecraft orbiting the Earth. To resolve this issue, a real-time
intercept method is proposed. This method is based on the optimization problem which
consist of the equation of motion considering spherical earth and impulse, and the optimal
solution numerically obtained is set as the direction of the thrust of the interceptor. The
position error is resolved by iteratively solving the optimization problem and modifying the
direction of thrust of interceptor. The proposed method in this paper is verified by using
various numerical examples.
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Table 1. Specification of thruster 10t —
1 .~ Trajectory
Parameter Value Unit 08
Specific impulse 220 sec :j ke
Thrust 30 N " Tralectory WSt
= Thrust &Y} \
Total mass 150 kg <o e g/ |
Mass flow rate 0.014 kgls Zj Point J
0.6 3 ///
F87] Mes s gow B =FEoAe .
ol & Faste] <Al JrE 30N+ Steol=ekxl F 1 i —:
1 0.5 0 0.5 1
9712 ALgstag @oHiel A9 Fs1e An 5 )
= Table 1o A2 =o] St} mpAHo =z HH 5

FEAE 793 2% MH O 2= Gradient-

Descent WH S 483}t
241 3 2 HzolMe 24

A AA R TRAX = EAE AxEde] dA st
T 9 AR ApolelAe] azFAleltt o] &

AAA AFgRE 2r1zde e g gl

o HAX=d ¥ 10,600 km, JAEHAEH S A=yt
74 r& 7589 km. o3 Er|xzA A5}
wAE e W, 84S 9 avEHs JHA

=
B £xwzl Ay

0.9638 km/s°] i 4,637% 9

©ab= o 53 km Z7bsbl Hek.

A714 J2 BT F2g nedohd, Qe
B 3837x &< F3& 3okt 0.9638 km/s®]
SEwszl B $ Aok AT HF0A
ol Al 1,255 kme] eAk7F @A gttt Fig. 32 &
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o e \
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Fig. 2. Intercept trajectory using impulse

between coplanar circular orbits

Fig. 3. Intercept trajectory using thrust
between coplanar circular orbits
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Fig. 4. Position trajectories with respect to time-
of-flight between coplanar circular orbits
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Fig. 5. Intercept trajectory using proposed method
between coplanar circular orbits
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Table 2. Initial condition for the intercept

problem between coplanar

elllptlcal OrbltS , Interceptor Thrust Target

%10’ Trajectory Trajectory

Parameter Target | Interceptor | Unit 15 \ ~ /;\
Angular 65000 | 55000 | km'/s = Thust End
momentum =
Eccentricity 0.2 05 - N ¥
Right ‘ 0 0 deg. v
ascension
Inclination 20 20 deg. 1 57\ \1’\;\
Argument 20 -0 deg. X, (km)
of perigee
True Fig. 7. Intercept trajectory using thrust
anomaly & 160 deg. between coplanar elliptical orbits

242 34 Eta
FowA ZAE 39 B ARE Zte 5
"ol 274 EAZ Hry Bz AlsES v}
o 7 HA Ao AMEE = T FH] A
Z71Z7AL Table 20| A= Ao}

SolMe 24

E

o]l¢} Ze z7|ZAA, AHAEH} EAL &
317 98- = 0.1375 km/sel £EwWstel 3,806
Alzro]l d@sit) o] EF 2 AF5Es 1L

aHA] Soks wel A-olH, Fig. 63 22 %=

o9} e gow 8AZ
A=A HE A eA 123 kme] 914 A5 7
A Hrh Fig. 72 olwo] AEE HoFE
©10% Interceptor ImpuLs: $:;_lgeect\!ow
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’
0.5 K
E o
h Intercept‘\ g2
0.5 Point \\ 5L
= | B e 1
G 0.5
-1 ~ 0 10°
%104 0.5 o\ 05
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Fig. 6. Intercept trajectory using impulse

between coplanar elliptical orbits
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A
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Table 3. Results of the intercept problem
coplanar elliptical orbits

Thrust & .
Parameter : Proposed | Unit
Perturbation
Time of flight 3,806 3,446 Sec
Burn time 666 3,446 sec
Position error 123 0.110 km
Consumed
9 53 kg
Propellant
360
st OO | Target
E oo R
. -10000 | = e
12000 e — e e e
-14000 L i R 1 bt =
500 1000 1500 2000 2500 3000
8000 -
E ‘oo
.. 2000
i 0 ~So=p
-2000 i i T I I ] —
500 1000 1500 2000 2500 3000
3000 —=
T 2000
=~ 1000
i}
1000 —
500 1000 1500 2000 2500 3000
Time of flight, (sec)
Fig. 8. Position trajectories with respect to

time—-of-flight between coplanar
elliptical orbits
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Fig. 10. Intercept trajectory using impulse
Fig. 9. Intercept trajectory using proposed between non-coplanar elliptical
method between coplanar elliptical orbits
orbits
243 HZ3H EtY H=EolAe 24 10%
A] ]:HRHE }\Lj% % ];(ﬂl_; 7]—Xo o B 4 ]X]E’_]: 1 ThrustEnd
Bgsh AzEe he aEw Bl ARdAY & .
ZA EAoltt T 9ZFujeAle Z7|Z7o] Table 3l )’//7/7/ % i
A / Point
40 el w)o} girk, Tl (s
ojsh e =N ABAETL BAL 245 { 2
g8 eI HEWME AVE [0.16—0.62—0.16]T ) 'T",;iziizi}”
km/so] 3l 6,747% ‘&<t w3 oF st} Fig. 10> e Torget
THFE S o] 83 294 A E HoFt) T""‘““"’/
A RGN RAY AN 2 T
10’
& nEdTY, JHAEE 2833%9 FXIAZE 1
S HaF a3 HF Al 4372 kmA A
227 BAE) Fig 11 olule 274 AE:S Fig. 11. Intercept trajectory using thrust
HolZ between non-coplanar elliptical
orbits
Table 4. Initial condition for the intercept
problem between non-coplanar e ) sy
elliptical orbits E o == EL‘“?EL.
=, -5000 — it
. = -10000 e _-*‘7'_; == =
Parameter | Target | Interceptor | Unit e I B T
,_m"*_”_w
Angular 65000 | 55000 | km?s 5 | :
momentum £ S N
Eccentricity 0.6 0.5 - o O [ ‘ -
N 1000 2000 3000 4000 5000 6000
Right 20 20 deg. B —
ascension E M o
Inclination 35 -10 deg. s S ‘
A 1000 2000 3000 4000 5000 6000
frgument 20 -10 deg. Time of flight, (sec)
of perigee ) . i . .
T perg Fig. 12. Position trajectories with respect to
arr]%emaly 200 160 deg. time-of-flight between non-coplanar

elliptical orbits
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Table 5. Results of the intercept problem olo] Ao A& § U YHS Atdic)
non-coplanar elliptical orbits B =R gREes 2 A4ZAE HH3 EAS
7Idte g o gtk HA g FAE FAE] 9
Parameter Thrust & Proposed | Unit 3 AeARE AASD FagA FFE ol &3
. Perturbation o WezAS FrEat AEHoR fuy B
e of 6.747 6118 | sec QxS 974 A% FEEASS AHgEte] 5
> Aden AAaE 2ed Aoy Ade b
Burn 2833 6,118 o oAz o3 el o] 2 ue
time , : sec AL 27387 93 AH A FAWIFo R A}
" S8t a8y o HA&E J2 45E nyIA
Position 4,372 0179 | k .
error ’ : m 3, FHAE ok mehA] Zgkr] wel F
Consumed %9 94 K FTRAANA 225 LA
Propellant ¢ olld g mAsY 9§ W« HA
E Axen T 9F AEAH FAWES
A Uzt o] d AAI e AEAEY g
o Aol A7t X wj7hA] x| &Aooz S )
- 2 =FdAE Aldste aAUHS AT
' _______ Point A8 SFEm A dF g A A A
os R 2 whrol Fgstgon], HFHor T 3
= 1B ; gAe S1x7F ¢ A vEA HEEe AL
R 4 a1& & Ut ol#E oxE FHHeA eAE
; Intercept DHERS W FEI wEHree Aygun
5 oint
Tk B =R Adtats WHe QA E A
b ololol & thFet AEol ALY Bg nHd
T ; FANE F83] A& 5 S Ao
= x10%
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