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ABSTRACT

Based on Nodal Coordinate Formulation (NCF) andohiie Nodal Coordinate Formulation (ANCF), this pap
establishes rigid-flexible coupling dynamic modéltbe spacecraft with large deployable solar arragd multiple
clearance joints to analyze and control the stedlititude under deployment disturbance. Considddrque spring, close
cable loop (CCL) configuration and latch mechanisang/pical spacecraft composed of a rigid mainybadescribed by
NCF and two flexible panels described by ANCF iseduas a demonstration case. Nonlinear contact faregel and
modified Coulomb friction model are selected tablsh normal contact force and tangential frictioodel, respectively.
Generalized elastic force are derived and all gdizexd forces are defined in the NCF-ANCF framee Newmark3
method is used to solve system equations of mofibe. availability and superiority of the proposeddal is verified
through comparing with numerical co-simulationsRaftran and ADAMS software. The numerical resuliseaé the
effects of panel flexibility, joint clearance andetr coupling on satellite attitude. The effectsctdarance number,
clearance size and clearance stiffness on satettitede are investigated. Furthermore, a propoéti-differential (PD)
attitude controller of spacecraft is designed grdss the effect of attitudmntrol on the dynamic responses of the whole
system.
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1 Introduction

Solar arrays, as vital spacecraft appendage, previdcessary power for the whole system. The ssiofeeployment of
solar array is the first task for a spacecraftgace and the failure would be a disaster for aespaission. Moreover, the
deployment of large flexible solar arrays distuttiis spacecraft flight and has un-neglected effactatellite attitude in
orbit. Thus, to model the deployable solar arragtay and to study the effects on satellite attithdee deserved
attentions from many researchers, which are thadations of mechanism design, precision analysiscantrol system
design

Paolo et al. [1] analyzed the attitude behavidhefspacecraft with one flexible panel under tbstghg motion described
through a spherical pendulum model. Liu et al.g&Jposed a rigid-flexible-thermal coupling dynamiodel for satellite
multibody system. Alipour et al. [3] derived a peeccompact dynamic model for an active stabiligpdcecraft system
with flexible members and then developed attitudetil algorithm. Birhanu et al. [4] used ADAMS aAdNSYS
computer programs to simulate and model solar pdeyboyment and locking process, and the resultsodstrated the
effects on attitude of satellite. Li et al. [5] pemted a modeling method for rigid solar arrayesystonsidering joint
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