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Chaos Analysis for Roto-Translatory Motion of a Gyrostat Satellite Using
Melnikov Method
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ABSTRACT

Interactions of the translational motion of a gyrostat satellite on its attitude dynamics is considered in this paper. The
mathematical model is first derived using the Hamiltonian method for the rotation-Translation motion of the gyrostat
satellite followed by the reduction of the coupled equations of motion using the extended Deprit canonical
transformation. The analytical Melnikov method along with the numerical Lyapunov exponent criterion, Poincare'
section, trajectories of phase portrait, and the time history responses are used to study the heteroclinic bifurcation and
chaos phenomena on the reduced model. On the basis of the results obtained from Melnikov integral, the parameters of
the gyrostat satellite can be designed to prevent chaos in the system in the absence of a control system.

Keywords: Gyrostat Satellite, Coupled Roto-Translatory Motion, Melnikov, Lyapunov Exponent, Chaos

m_abtahi@dena.kntu.ac.ir (sl soiws ) Jbobsl -)
sadati@kntu.ac.ir : skl -¥
salarieh@sharif.ir : Lils -


mailto:m_abtahi@dena.kntu.ac.ir
mailto:sadati@kntu.ac.ir
mailto:sadati@kntu.ac.ir
mailto:sadati@kntu.ac.ir
mailto:salarieh@sharif.ir
mailto:salarieh@sharif.ir
mailto:salarieh@sharif.ir
www.SID.ir

VYAF line) Folod ) Vale o J,55 5 olilas | Saliys) Liblon SilSlo anlibad Y#

a2 &ly 5o 5 Sl 0ad Jlaid 0 0 lsale (ads Sl
olsale sy 1) il — il Seelns alies Sy
LaNVY] Wil 08 S5 sy 0 Slsg 5

Sozy Juodr Sliwgpy laojlaale (Selins lisla
A 1093 5 ($0L5 (Sl 0)9e dn slajlu iy
Sealizs @ ojlsale JEl oS> 0,5 il (pizen
walys e (Sealis sl Fanzn » bhs ol g
iy SRl jekaieds cbgy 65 A (plple o958l
LIS S VR S g T ST T fwl*“'-f'“’ oYsles
IVFLs 5 o plonil P s Gl oo ansgs La g,

=0y Sealad 55 p Gl S > )-*-’L’ @lie cl 5o
s, sl o alezel olsl e 5l clbisg 5 o, lsals
el 48513 s y90 s Sl 0 Slugd]
Slisg 5 o lsmle g0 - JEsl &8 > ous alysS =¥oles
oo Jelos jshaiedy b gl otleos by, alwgas
Senlind ;0 g5 a5 Zu 3 (G has l epins oy
S slp S ol o g s solatul o)lsale Jlyo
ool ol eols axwgl Sliwgpg ojleale Slyge - Jlaul
FJPRGPIRE RV WCESS S P FCIINPE
Cebl oday 8,5 el Jilygo- JUl oS > sl sl
) 5 Botun — el 408 bang Seiles s )3
SelSg e Sl jo ablyy 029 b el Jod eSS
wiSeike Ll (g, alewgar (nlnly 008 oo Sl
doles 53, » sl owy g SlSh e (Solig
@S b 6l b (o) s 8L 28 (Sgilien
slos wile ove slagts, iSeile LSl ol
Sgwly 5 636 axie oy o) Sly alaie (LU
97y Nige (Sap a5 385 [Beolinul 9,50 (Jloj (5 m
Slig ) o lsle mivm o "CiSd L3l ol 5 wgdl
o9y ol el casoas il wlal p coles jo il e
Olee 9 prxr Joo e ALk Glaally wiSeils
Sheslinl (yguy o5 09ei (b 655k lgiss |y (ot
oylsale i 0 il gsds ) Jld (S e
S s xS sl

3- Roto-Translatory motion

4- Reduction Method

5- Deprit Canonical Transformation
6- Serret-Andoyer

7- Heteroclinic Bifurcation

8- Strange Attractor
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1- Chaos
2- Melnikov Method
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