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Background 
Leaf venation is one type of compliance effective structure with 
branching pattern. Numerical tests find that it has geometrical and 
mechanical characteristics that are of interest for an innovative 
transfer into stiffness design of continuum structures under harmonic 
force excitation.  
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Method 
Leaf lamina is simulated by a plate structure aligned with candidate 
stiffeners of minimal cross-sectional areas. Base plate is divided by 
the 4-node quadrilateral shell elements, and the stiffeners formed by 
two adjacent nodes of the shell elements are divided by the 2-node 
beam elements.  
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Figure: FE model for growth simulation of plant leaves 
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Method 

Figure: Flowchart of the growth algorithm 
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Result 

Figure: Stiffener growth processes under a vertical harmonic force 
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Conclusions 
 A well-founded mathematical explanation for the optimality of plant 

morphogenesis is derived, which leads to a simple criterion for 
formulating the growth competition among candidate stiffeners.  

 In designing a cantilever beam under harmonic excitation with the 
proposed approach, the growth of stiffeners shows great 
adaptiveness to the exciting force in terms of the direction and 
frequency of excitation.  

 The proposed approach has the potential to facilitate vibration-
proof design of stiffened plate/shell structures. Although the 
optimized beams have complex layouts, it could be conveniently 
manufactured by additive manufacturing technologies.  

Acknowledgments 
The work reported in this paper is supported by the National Natural Science 
Foundation of China (No. 51405377), and the National Science and 
Technology Major Project of China (No. 2015ZX04014021). 

JZ
USA


	A growth-based topology optimizer for �stiffness design of continuum structures under harmonic force excitation
	Background
	Method
	Method
	Result
	Result
	Conclusions



