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Table 1 The parameters comparison of improved and
Richardson’ s analytical solutions
B A A Richardson f#
| farlfes | 23.41% 25.78%
| fulfys | 5.42% 9.29%
| falfa | 2.6080 x 10 - 14% 1.7825 x 10 - 14%
Wy - 0.01724986967985 - 0.01492536144446
N - 18.07855841898872 - 15.96559878224752
123 1.42029493126341 1.74090054593583
A, 0. 12879220990069 0.13744462745806
fa 0.02402029808425 0.03230281761629
[ - 0.10262520126374 - 0.12530996336332
fn — 0.00478426272465 0.01000313899439
frs - 0.08827480067717 - 0.10766582619236
f 4.336808689942018 3.469446951953614
# e-018 e-18
fa - 0.01662866863000 - 0.01946437625447
T 3.064277253567148 3.057046392642841

Horp: T RN R TR R R

AR » FEAy AR ER .y,
fife b = AE R E BN T LB £y £, B BN
T (HEXTF £, B f5 BIAELR)

P HE 7 M7 f% A0 Richardson fEMT R ZE kv, ay -
App~Gys~ Aoy~ A3~ B~ by by by by dy v dyy
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f# w, AR, 0 WARR KT HE WA [ A ff
Wi, A, RAHFE, A, A, BRI B B A @ 3 il 7
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FHREERIE 2 T KB, R BB R 3 KA « My T
] Y 7 FEER I R T R K H I, H 2 B A AT R 22
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B¢ =0,7v=0, 7] 152k 3 fi# A7 i A Richardson f#
Mrf# 7€ CR3BP 583 7 B2 i AL Am R WA (R &
FTE ) (X,Y,Z, X, YV, Z ) FE 2,

BB AR 43I E] B A Richardson fif BT A %L 38 J& A
M a2 — 4y IR AT 3 M W1 E A CR3BP 528 7
AT BUE R 5, BUE R 7 K F Matlab 1) oded5, H;

KRB
options = 'odeset(RelTol’,2.22045¢ — 014, AbsTol’,eps)

XA Matlab BB RSB o 5351 F “Matlab Z0{E "
Vol 25 T ARL AR AT R T LA B 22 TR, o T ) 9 O
ZEXF H DL IEL 2, y 77 o) B i 22 %5 b DL IET 3, y T T B A
ZEX LA 4,

#2 BUHEMAHTAES Richardson ff K991 E X FE K

Table 2 The initial values comparison of improved and

Richardson’ s analytical solutions

Uk AT AR Richardson & 17 f#
X 0.988929245254213 0.988873611986430
Y 0 0
7 8.057818908659117 8.108698302835658

e - 004 e - 004
¥ 0 0
vy 0.008304001807570 0.008876952366731
7 0 0
8 x107#
Richardsonf##7##
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t

B2 xfmzEXL
Fig.2 The comparison of deviation in x
x107*
2
1 Richardsonf# 7
"""" BT
0
-1
=2
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4
-5
o 05 1 15 2
t
B3 ymEML

Fig.3 The comparison of deviation in y

ME AT LU H 22t % T A LE Richardson f# A7
fREMKER . ASCEFE BT T —HH B8R,
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4 Richardsonf#Hff#
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Fig.4 The comparison of deviation in z
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N TI2, REHERR I U AT A, L Yo, AOMEN R
0, (X7 + 27,)°" BHIE T 0. BAR%HE W 3,

3 BUHEMEITARS Richardson 2 A A BUHE 3 Ly
Table 3  The half period values comparison of improved and

Richardson’ s analytical solutions

o figt A A Richardson fi#
Yrn —4.177894e - 004  —5.314993¢ - 004
(X%, + 25,)°%° 0.00138897 0.00210325

6 HRIE

AXFEBLIARESARETELZIARE LD
Richardson f#HT A I REX P, BHEBHRSE 1 ZAE 2
BHBUREIRE : TR FRERIBEEZT K

BT, SR AR B 3 RAE « My I R A
HERBT, HE AT B, EHRITT St
f# AT % , T8 3 Matlab BB T3 ULEH , BCH A7 A7 A AH
X} F Richardson fi# BT i , A 70 5 &6 43 /1N o
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The Improvement of Richardson’s Three Order Approximate
Analytical Solution of Halo Orbit

LU Song-tao, ZHAO Yu-shan

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Halo orbit could be used to process astronautics assignments, such as observation to the movement of the sun and

the back of the moon, the communication between the earth and moon, and so on. Richardson’s third order approximate analytical

solution was the foundation of the determination of Halo orbit. Richardson’s solution was based on Lindstedt-Poincaré method, and

the method was used to remove the secular terms. In the reserved third order little magnitude equations, the solutions of angle fre-

quency and the displacement were supposed to expand into third order. The same magnitude would be collected in same equation.

In Richardson’s solutions, the secular terms were removed in the first and second magnitude equations and the z direction of the

third magnitude equation, but not removed in the x and y direction of the third magnitude equation. The improved analytical solu-

tion better than Richardson’s third order approximate analytical solution is brought forward, and components in the x and y direction

of the third order of the improved analytical solution are more exact than Richardson’s analytical solution. The advantage of the im-

proved analytical solution is verified by Matlab numerical simulation.
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