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Abstract

In this paper, simulation analysis for close operation during rendezvous/docking considering perturbation
was described. The technology to control satellites based on their relative motion is expected to be a very
important core technology. Rendezvous/docking is a technology underlying on-orbit servicing technology
and is an essential process for approaching a target satellite. Therefore, in this paper, we introduce a
feedback control system for rendezvous/docking verification considering gravity perturbation and analyze

the rendezvous/docking situation through the proper gain value.
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2.1 Reference Coordinate System

SFHPA| 9] A S AloA AREShe tHEAR] FHA= A7 AU T FH
Hl(earth centered inertial frame)°|t}. Fig. 12 R4t 541 I JHEAS YEHALE X2 &
EX(vernal equinox) B3 YEFHIL XYHS Z]79] A=W (equatorial plane)o]™, 73

70 A2 Ao} BEL T YR XET 728 A@als Zolths]

2.2 Equations of Motion Considering J2 Perturbation

71l SnjalRle] SEHAL rElolshe Yo s Sz 2] EA|wo-body problem)
& wpeth Fig 2014 B4 m, o tiat m o 92 F,, 23 m, o] gt m, o 9L F,
ole} sl Thet k.

Celestial north pole |Z

/
/

}f

Intersection of equatorial -]
and ecliptic planes

=
—

——Celestial equator

Pat
Vernal equinox,y

Fig. 1. Earth centered inertial frame.
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X Inertial frame of reference X
(fixed with respect to the fixed stars)

(a) (b)
Fig. 2. Inertial frame of reference. (a) Two masses located in an inertial frame. (b) Free—body

diagrams.
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Table 1. Earth zonal harmonics

Zonal harmonics Values

J, 1.08263(10°)

/5 —2.33936( 107 )J2
J, ~1.49601(107 ) J,
J; ~0.20995(107 ),
J, 0.49941(107).J,
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o714 n 2 =& 4 A=Y B 5{mean motion), 7 = =& 9439 AXHE 9]
715 Yehd.

2.3 Feedback Control System

E =RoA ARESE Alo)7]& A8 A|017]Q1 PD(proportional-derivative) A|o171& AR
Siolth. A 22 9149 A=E Y Akt 7HEste] &% CW g4l ¢ 7}
&% 845 F715HL F#AE LOS(ine-of-sight) AR #Hgste] AMESIGITE o714
LOS HHEAE AAAHE oulsh= o} FHR/= WFS vk 6 of dis) Test
t} LOS FHEA A LOS &&( v, )2} transverse S&=(V, = Tt Atk

vp=)'ccost9+jzsin6’ v, =—Xsin@ + ycos @ ©)

4 9)2] A EB0] CW W74403} 10S HIANAS] 28 7IES Hok v, = pd
Azl Tl | EshE 108 FHEANA Y] 7He} 27 ze] Tk Alo] E&let. o] 3

oAl B Aol71w, wiE DL 5 Uck

w :—[3n2x+)}(2n +9)]c0s0+k(2n+9)sin0
” (10)
w = [3n2x+y(2n+9)]sin9+X(2n +6.’)cost9+vp0.
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2.4 Adjustment of Feedback Gain Values
A Al A"} o eul Zlof y2]of tigt jP Al 247} thga o] Fof it

x(k+1)=Ax(k)+ Bu(k)
y(k)=cx(k) (14)
u(k) = —Kx(k) + v(k)

Al T = (state feedback)e AGE AlAElo] that Alo] S2-S Aktslr] Sls) A ¢
El(state vectonE ARRITE. 4] (14014 K& A sj=m A9l gt 348, A9t B,C= Al
P A2Ee, v(k) & 71E 9 HEE, y 9 u k47 251 223 Ao} 9EL v
gt} A (142 3 AR Ak A B AS 2ot w-2 g AL 22 St

x(k+1)=[4-Bk]x(k)+ Bv(k) (15)
4] (155 ol8sto] 4] (14)5 A2dsl e o33t 2t

x(k+1)=4x(k)+Bv(k)

V() = cx(8) 1o
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2.5 Numerical Results

2.381} 2440l A A9kt feedback control systeme ARESHe] FHEIFE L =7)9] 53] A]
Eo]dS APt Ao WA CW 7t Dash| whizol] LOS FHHE(p, 0 )=
AT =2 9439 YA} £EF HEA sto] Akt

£ =2oA R = P HIEH(non-coplanan)ollAl =2t $/d0ll sigsl= space
station?] A=t ¥ A=Y wf L 914921 spacecraft’t FLoto] HHlF/EH 6= UFol
o 7] 2ros =2k on S 49 fRIeE £t oA drkar ZPgRith AlEE
o] Ao] gt 7442 Table 29} Table 301 Ag]|E] o] Ut

o] AFofA ARgERE 2712 AL thSat 2t =2 Y49 271 A1 [1622.39, 5305.10,
3717.44)km, 27] &%= [-7.29936, 0.492329, 2.48304] "km/so1™, &4t 9149] 27] Y]
= [1612.75, 5310.19, 3750.33] Tkm, 27] == [-7.35170, 0.463828, 2.469006)" km/s°]
th. 24 2&(proximity operation, PO} 57| fJsiA= =2 9441 &2 914 719 A
7F vl A =2 A2 0.3 kmoll A ARFE AL M &= -0.0002 km/s9] HE2 HHs] A
Tol= Zo] FFsiota wagit), B £7] 7R A 45°04 Al SRS A8 18

& =S 3] A8 302 Ay,

Table 2. Configuration of the target and the chaser

Space station Spacecraft
Perigee, apogee (altitude) 300 km circular 320.06 km, 513.86 km
True anomaly, @ 60 ° 349.65°
Inclination, i 40° 40.130°
RA of ascending node, €2 20° 19.819°
Argument of perigee, @ 0° (arbitrary) 70.662°

RA, right ascension.

Table 3. Configuration of feedback control system

Gain values (k,,k,,k,,k,) 0.7,0.1,2.6,2.1
Desired range 0.3 km
Desired LOS velocity -0.0002 km/s
Desired docking angle -30°

LOS, line—of-sight.
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Fig. 3. Rendezvous trajectory in proximity operation.
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Fig. 4. Range between the chaser and the target for rendezvous maneuver.
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Fig. 5. Docking angle for rendezvous maneuver.
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Fig. 6. LOS velocity for rendezvous maneuver. LOS, line-of-sight.
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Variation of docking angle (deg/s)
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Fig. 7. Variation of docking angle for rendezvous maneuver.
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