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Fig.2 Additional accelerations during precessional motion of the spacecraft
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Fig.3 Coordinate systems
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Fig.5 Changes of the Coriolis acceleration with time

1.5x10° 1.5x10°
— — — initial orbit — — —initial orbit
o orbit of the spacecraft o orbit of the spacecraft
1.0x10°r under gyroscopic effect 1.0x10 under gyroscopic effect
0.5x10% 0.5x10°
E ot ___X\ E of —————=
N N
-0.5x10° -0.5x10°
-1.0x10°% -1.0x10°
-1.5x10° -1.5x10°
-8x10° -4x10° 0 4x10° 8x10° -8x10° -4x10° 0 4x10° 8x10°
x/m x/m
(a)p =0 (b) ¢ = /6
1.5%10° — - 1.5%10° — -
— — — initial orbit — — — initial orbit
p orbit of the spacecraft P orbit of the spacecraft
1.0x107 under gyroscopic effect 1.0x107F under gyroscopic effect
0.5%10°} 05710~
g ol e TN £ o T=== E—
~ ~
N \ N —
-0.5x10° -0.5x10°
-1.0x10°} -1.0x10%
-1.5x10° -1.5x10°
-8x10° —-4x10° 0 4x10° 8x10° -8x10° -4x10° 0 4x10° 8x10°
x/m x/m
(¢)dp =m/3 (d) ¢ = w2

B 6 FEERAONRL N T TR FLE 1
Fig.6  Projections of the spacecraft orbits under gyroscopic effect

7 ELAS R, i T R RSN A e, LS A 2 S BUE R S8 Y il e . 1 B4 R 5 3

BRL 6] X BEBRBILIE A 7 BT R AR . 25 o 53 T 0 I, BESRBE A B IR 1, BOE Y
Bl ot IR, 5 A —/ MBS 5 Y b T w2 i, SO A Y, IF HBUY



1272 Wi RASAE Keplerian 32 3 1) FE B0

AL I L-F- T LA o St ot RT U BE SR BE S B SR80 2 0 T A BB R 4T TR )2 HU L
e,

2.3 fRRIRIE BN HPEIE RN
TS R R 2558 0 4 B BRRLN.” 1 SC, T LA K 2 78 2F 2l i A8 b e 7 AR 1Y
BF DB 7K ( RPREIR T ) B K/ NSRRI R 42 2l (R BE SR LU0,
FEEE y2E B W], T — i R 2 T VR SO 8 2R AR T LUK T R T A 1Y)
JBL B
M,(F)=rxF, (6)
Hrf M, (F) FR7381J1 F X585 0 Y.
HRAE X (6) AT AT R A5 7E 7 Bh i) A B v Jor 7= A F BB 0 M, Ky
Ycos (wt)
Zsin (wt) — Xcos (wt) |.
- Ysin (wt)
HEEG  WNRIHG Keplerian [FIHUIE 1 HLIE = B4 500 km BRI LG B 0] 5 AH XS
? X AR R &, LR A PE T BEF AR R O-x'y 2 — 5% Oy HER I FAEE N o JE 7
BHT Mo =0.01n B (n HRILGHUIE AL ), 2 5I1HL0, 7/6 Fl /3 XF 0L B B A N7 L 36 1
éAtHﬁHr“E’JrSnﬂj%jJ%EE’JFﬂE.%% 28T M w=0.001nFlw =0.000 1n B B d =0 KR HY
B B8 0 R 1) e AL

1.2x10°

UMY
SAREN

2wvY

M, =

(3

M,/ (m-N)

0 0.5x10* 1.0x10* 1.5x10* 2.0x10* 2.5x10* 3.0x10% 3.5x10*
t/s
(a)p =0
8x10°}
—_ 6><10
z
g
>, 4x10°%
=
2x10%
00 0. 5><104 1. 0><104 1 5><104 2.0x10% 2.5x104 3.0x10% 3.5x10*

(b) & = /6



= L5 4E 1 N B 1273

6x10°

STTI—
e’ \/\J\/ \/ \V/

0 L L L L L L
0 0.5x10* 1.0x10* 1.5x10* 2.0x10* 2.5%10* 3.0x10* 3.5x10*
t/s

M,/ (m-N)

(c)p = m/3
B 7 BRI
Fig.7 Gyroscopic moments at different phase angles
R OAIRARRLA & XoF 17 Y FEIR D HE 1 iR R (E

Table 1 The maximum gyroscopic moment vs. the phase angle ¢

1) 0 w6 /3
My 1.037 0x10° 8.987 6x10° 7.340 6x10°
K2 KNEERE A o XTI IFE IR S5 B Bk E

Table 2 The maximum gyroscopic moment vs. the rotating angular velocity @

1) 0.01n 0.001n 0.000 1n
My 1.037 0x10° 1.037 1x10° 1.037 4x107
P ELA5 F R

1) FRIRTTAE(EL S AR SR AR 1 | 5 EL A 0 P 300 PAY ) L B P 1] 384 4 T/

2) I AEE 0 —ER, ¢ BHZIT T 0, WIFEER I AR (AR ;  BHEIE T m/2, WIFEER
TIFE MR (],

3) M —EM, o B, WIFEER T IR EBOR.

3 45 w

ARSCWFSE T Wi RAFAETE Keplerian U3 iz gh iy BE AR AR GEMT K 4% iz sh i i sh LR 5
FEARIE S PE R AR , DA R e e e (A 0 - B RARON.” B S, 45 Hh T iR A SE b Rz 3 Yy B
WRRINE " (R SL, 43 BT T BERRAAON S0 T T R 5 143 Bl AL T R A 1B gl ad F v, 25 Fh 8 5l
AT AT 2 5 R BE MR , X KA 103z Bl | 2R BUE B S 2 7 A i D e Je 8 T A
HEBIFTE 25 FhE 505 R A0 BEBRASON, S HR T KA BILIE LB LS RS2, S fE 25 FhELE P 3l
HRE A X B RSN A, Ik 2055 2 R RY H A9 55 23 T L3 Y B 4 52 IR EIE Kepler-
ian FUIA HELS AT R,

Bt O L Tl KA K LA R B H ( XAGDXJJ1221) XA TAEREAE A 285,
£ % ik ( References) :

[1]  Vitins M. Kepler motion and gyration[ J]. Celestial Mechanics, 1978, 17(2) : 173-192.
[2]  Junkins J L, Turner J D. On the analogy between orbital dynamics and rigid body dynamics



1274

WK ARIE Keplerian & 51 1 BE BRZLY

(6]

[J]. The Journal of the Astronautical Sciences, 1979, 17(4) . 345-358.

Junkins J L, Singla P. How nonlinear is it? A tutorial on nonlinearity of orbit and attitude dy-
namics[ J]. The Journal of the Astronautical Sciences, 2004, 52(1) ; 7-60.

WIS, XNIEARE. S&T PR A A THE R BE IR 4R AE S ILZ S B b g R[] S AR (i
Fior ), 1988(1) ;: 52-61.( RUI Xiao-ting, LIU Zheng-fu. Discussion about gyroscopic moment
and its applications in analysis for the movement of projectile [ J]. Acta Armamentarii ( Pro-
Jectile) , 1988( 1) 52-61.(in Chinese) )

BERTAE. BEAR T HE Y 7 2 52 5 B B MR A% Xk SHAL B S AR 2 R [ T ], SR S R 22 4, 1996
(4): 1-4, 11.( CUI Xin-jun. Mechanical essence of gyroscopic moment and its effect on the
projectile movement[ J |. Journal of Projectiles, Rockets, Missiles and Guidance, 1996(4) .
1-4, 11.(in Chinese) )

A, B HUREPUENLE ) 2 M. dbst . E S i, 2010.(YUAN Jian-ping,
HE Xing-suo. Orbital Maneuvering Dynamics of Spacecraft[ M]. Beijing: China Astronautic
Publishing House, 2010.(in Chinese) )

W, R, PR PERES S0 S BE [ T]. J1oEeAaR, 2013, 45(3) ; 406-411. (CAO
Jing, YUAN Jian-ping, LUO Jian-jun. Gyroscopic precession and forced precession orbit[ J .
Chinese Journal of Theoretical and Applied Mechanics, 2013, 45(3) : 406-411.(in Chinese) )
XUFER, . PRI 2kl [ M. Jbat. §ARRes ek, 1987 (LIU Xi-zhu, LET Yu-tian.
Essential Gyroscopic Mechanics| M ]. Beijing: Tsinghua University Press, 1987.(in Chinese) )
FRLEE. S H2 [ M. PE% . PadL Tl k2= ikt , 2001. (HE Xing-suo. Theoretical Mechan-
ics[ M]. Xi’ an: Northwest Polytechnic University Press, 2001.(in Chinese) )

WBET, TR, R AR AR HE R M. Kb ER R R R, 2003. (XT Xiao-
ning, WANG Wei, GAO Yu-dong. Fundamentals of Near-Earth Spacecraft Orbit[ M]. Chang-
sha: National University of Defense Technology Press, 2003.(in Chinese) )

Gyroscopic Effect Produced During Non-Keplerian
Motion of Spacecrafts

LI Xue-hua', HE Xing-suo’
(1. Department of Engineering Mechawics, Xi’ an Technological University
Xi’an 710032, P.R.China;
2. Department of Engineering Mechanics, Northwestern Polytechnical University
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Abstract: In order to depict the space maneuvering more precisely, some new non-Keplerian
theories and methods are required to meet the complex demands of space operation in the fu-
ture. According to the similarity analysis between the spacecraft precessional motion and gyro-
scopic precession, the concept of gyroscopic effect produced during the non-Keplerian motion
of spacecrafts around the earth was presented. A mathematical model of the gyroscopic effect
was established based on the spacecraft dynamic equation, and the spacecraft motion under the
gyroscopic effect was investigated. Then a new non-Keplerian orbit theory and method to realize

better space maneuvering is provided.

Key words: non-Keplerian orbit; space maneuvering; gyroscopic effect



