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Aeroelastic Characteristics of the Fish Bone Active Camber Morphing Concept
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Abstract: Inspired by nature, the Fish-Bone-Active-Camber Morphing wing (FishBAC morphing wing), was designed and
investigated widely. As an active morphing wing mechanism with superior performance, FishBAC provides an alternative to
traditional discrete flaps and other active morphing wings. It has low flexural stiffness in the chordwise direction while maintains
high flexural stiffness in the spanwise direction. Although morphing wings can provide superior aerodynamic performance, due to
their deformable characteristics, their aeroelasticity has always been a potential problem. In the aspect of structure analysis, the

structural model of FishBAC is established on the basis of Euler beam theory, which is verified by the finite element analysis. In the
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aspect of aerodynamics analysis, the quasi-steady aerodynamic model is derived. Finally, the static aeroelastic characteristics and

dynamic elastic characteristics are analyzed based on the simplified equivalent structure model and the deduced quasi-stationary

aeroelastic characteristics combined with XFoil software. The results show that the static aeroelastic characteristics can be predicted

well under the driving torque of less than 1.5N-m. In addition, MSC Patran/Nastran finite element model is utilized to verify the

accuracy of the simplified model in predicting the critical flutter velocity.

Key words: FishBAC, Aeroelasticity, Equivalent structural modeling, Flutter analysis
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Fig.1 The structural schematic diagram of FishBAC
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Fig.2 Schematic diagram of FishBAC structural model
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Table 1 Model parameters of the FishBAC Morphing Concept
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Fig.8 FishBAC finite element simulation model (without skin)
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Table 4 Air and aerodynamic characteristics of FishBAC airfoil
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Fig.19 Vibration response with two degrees of freedom
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Figure 22 The V-g diagram calculated by Nastran
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	无论是在民用还是军用领域，现代飞行器需要面对日益复杂飞行任务和飞行环境。传统固定翼飞行器的几何外形固定，即使经过了结构、气动等方面的优化也只能改善其在预设任务下的飞行性能[1]。然而变体飞行器则可以根据不同的飞行条件，自适应地改变气动外形，从而提高飞行器性能[2-3]。美国和欧盟许多研究机构和大学都在变体飞行器研究项目上投入越来越多的资源，随着智能材料、结构设计、先进控制等学科发展在不久的将来将会传统航空工业产生颠覆性的影响[4]。
	变弯度概念的起源可以追溯到莱特兄弟发明的第一架重于空气的飞行器[2]，但是想要实现机翼变弯度并不容易。Parker[5]于1920年申请了第一批可变弯度机翼的专利，该方案使用双翼梁将机翼分为三段，两个翼梁中间的部分是柔性以实现变弯度。波音公司[6]于1973年开始系统研究基于先进技术的可变弯度机翼并完成了跨音速风洞测试，发现采用变弯度技术机翼的性能可以获得较大改进，但是变弯度技术使机翼内部结构复杂化。上世纪80年代，波音与NASA[7-8]联合研究任务自适应机翼（Mission Adaptive ...
	美国NASA兰利研究中心[12]首次提出“鱼骨概念”，即机翼的主要承力构件类似于鱼的脊骨，蒙皮为一层弹性材料将气动载荷传递到机翼的主体结构，但在相关文献并没有提及具体的分析和实验，也没有提到该机翼的驱动方式。2012年，Woods和Friswell等[13]提出了一种全新的变弯度机翼方案——鱼骨主动变弯度机翼（Fishbone Active Camber，FishBAC），它是一款性能优越、结构简单的变弯度机翼，只需要很小的驱动能量就可以实现机翼在弯度上大幅度连续变化。Woods和Friswell...
	鱼骨结构具有高度的刚度各向异性，由于其变弯度的特点使其弦向弯度刚度较低，在结构变形时气动载荷变化大，具有潜在气动弹性失稳的弊端。Woods等[18]研究了二维鱼骨结构的气动弹性特性，基于欧拉-伯努利梁理论和XFOIL软件的静气动弹性分析方法。Rivero等利用三维升力线理论与XFOIL结合[22]建立了三维鱼骨机构的流固耦合模型并与其他流固耦合模型进行比较，所得结果吻合较好。 Zhang等[23]则发展了一种刚柔耦合的结构模型，并基于定常气动模型和非定常气动模型建立了气动弹性模型，研究了不同参数对...
	1  鱼骨柔性翼的等效结构模型
	1.1 等效结构模型的定义
	在等效结构模型分析时，对结构刚度具有贡献的部分只有横梁、纵梁以及蒙皮，且总刚度为三部分刚度的线性叠加。横梁视为等矩形截面的梁，且梁的中性轴与翼型中弧线重合，所以梁的弯曲刚度为
	2  鱼骨柔性翼静气动弹性特性分析2.1 等效结构模型的结构分析

