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Inch-size flying robots, so-called MAVs have been researched and developed in worldwide. 

These robots are expected to play an important role in environmental monitoring, life-saving 

activities at narrow locations with complex obstacles and so on. However in such an inch-size 

world, fixed wing airplanes or helicopters cannot demonstrate sufficient flight performance 

because of viscosity. The flapping flight of birds and insects can be considered as one of 

optimal flight mechanisms in their size, which they have obtained through their long-time 

evolution. Actually they are known to have excellent flight performance such as VTOL ability, 

high energy efficiency, rapid turning ability and so on [1-3].  Among various types of FSI 

simulations of flapping wing [4-10], we have been developing a parallel coupling method 

using partitioned coupling algorithms [5,6,11,12]. In FSI analyses within the framework of 

partitioned coupling algorithms, we employ a parallel solid solver named 

ADVENTURE_Solid [12-14], a parallel LES-based flow solver named FrontFlow/blue [15, 

16], and a parallel coupling tool named ADVENTURE_Coupler for parallel data exchange 

and execution of partitioned coupling algorithms [12].  In this presentation, we apply the 

developed FSI method to simulate hovering flight of deformable flapping square plate.  By 

parametrically changing elastic parameters of the deformable plate, we perform a number of 

FSI simulations.  We then discuss the relationship between flight performance and elastic 

properties of the flapping plate. 

 

 

 



Shinobu Yoshimura, Tomonori Yamada, Shunji Kataoka, Shinya Tsukahara and Giwon Hong 

 2 

REFERENCES 

[1] Ellington CP (1984) The aerodynamics of hovering insect flight. III. Kinematics. Philosophical 

Transactions of the Royal Society B 305: 41-78. 

[2] Dickinson MH, Lehmann FO, Sane SP (1999) Wing rotation and the aerodynamic basis of insect 

flight. Science 284: 1954-1960. 

[3] Ishihara D, Yamashita Y, Horie T, Yoshida S, Niho T (2009) Passive Maintenance of high angle of 

attack and its lift generation during flapping translation in crane fly wing. The Journal of 

Experimental Biology 212: 3882-3891. 
[4] Ishihara D, Yoshimura S (2005) A monolithic approach for interaction of incompressible viscous 

fluid and an elastic body based on fluid pressure Poisson equation. International Journal for 
Numerical Methods in Engineering 64: 167-203. 

[5] Yamada T, Yoshimura S (2008) Line search partitioned approach for fluid-structure interaction 
analysis of flapping wing. Computer Modeling in Engineering and Sciences 24: 51-60. 

[6] Inuzuka I, Yamada T, Yoshimura S (2009) Multi-objective design of flapping wing motion for 

micro air vehicle. Transactions of JSME, Ser.B 75: 1215-1223. 

[7] Takizawa K, Henicke B, Puntel A, Spielman T, Tezduyar TE (2012) Space-time computational 

techniques for the aerodynamics of flapping wings. Transactions of ASME, Journal of Applied 

Mechanics 79 : 010903. 

[8] Nakata T, Liu H (2012) A fluid-structure interaction model of insect flight with flexible wings. 

Journal of Computational Physics 231: 1822-1847. 

[9] Takizawa K, Henicke B, Puntel A, Kostov N and Tezduyar TE (2013) Computer modeling 

techniques for flapping-wing aerodynamics of a locust. Computers & Fluids 85: 125-134. 

[10] Takizawa K, Tezduyar TE, Kostov N (2014) Sequentially-coupled space-time FSI analysis of bio-

inspired flapping-wing aerodynamics of an MAV. Computational Mechanics 54: 213-233. 

[11]  Minami S, Yoshimura S (2010) Performance evaluation on nonlinear algorithms with line-search 

for partitioned coupling techniques for fluid-structure interactions. International Journal for 

Numerical Methods in Fluids 64: 1129-1147. 

[12] Kataoka S, Minami S, Kawai H, Yamada T, Yoshimura S (2014) A parallel iterative partitioned 

coupling analysis system for large-scale acoustic fluid-structure interactions. Computational 

Mechanics 53: 1299-1310. 

[13] Yoshimura S, Shioya R, Noguchi H, Miyamura T (2002) Advanced general purpose computational 

mechanics system for large-scale analysis and design. Journal of Computational and Applied 

Mathematics 49: 279-296. 

[14] http://adventure.sys.t.u-tokyo.ac.jp 

[15] Kato C, Yamade Y, Wang H, Guo Y, Miyazawa M, Takaishi T, Yoshimura S (2007) Numerical 

prediction of sound generated from flows with a low Mach number. Computers and Fluids 36: 

53-68. 

[16] http://www.ciss.u-tokyo.ac.jp/riss/ 

 


