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Abstract 

Aircraft structures are moving towards the direction of large scale and 

intelligent development. The large scale and intelligent structures put forward 

stricter requirements on the material properties. The materials for these structures 

are required not only to have a higher strength and stiffness to reduce the weight 

of the structures, but also to have special properties under special service 

conditions. Fiber reinforced composite materials are gaining more and more 

importance in aerospace industry because of their high stiffness/strength to weight 

ratios and low weight potential. The use of advanced composite materials is 

becoming an effective way to reduce the weight, improve the efficiency and 

reduce the direct operation cost of large aircraft structures. However, due to the 

limitation of design, manufacturing and inspection technology, the superior 

performance of composite materials in the application of large scale aircraft 

structure hasn't been brought into full play. The growth rate and economic benefit 

of their applications do not match the superior performance that composite 

materials can provide.  

Existing traditional non-destructive inspection techniques utilize a variety of 

methods such as C-scan, thermography. Each of these techniques is limited in 

accuracy and applicability. Most of these methods require access to the structure. 

They also require a significant amount of equipment and expertise to perform this 

type of inspection. The inspections are typically based on a schedule rather than 

based on the condition of the structure. Furthermore, the cost associated with 

these traditional non-destructive techniques can be rather prohibitive. In order to 

take full advantages of composites and enable future composite aircrafts to fly at 

their actual physical limits, there is a need to develop an embeddable sensing 

system, analogous to the human nervous system, to allow a structure to “think” 

and “feel” its structural condition. Structure Health Monitoring (SHM) relying on 

a network of sensors integrated with the structure shows great promise of being 

embraced by the aerospace industry as capable of monitoring the structural 

condition throughout its service lifetime. It is perceived as a significant method of 

determining the integrity of structures.  

In this presentation, an innovative NERVE (Networked Elements for Resin 

Visualization and Evaluation) system consisting of embedded multi-functional 



actuating and sensing elements to monitor and enhance large scale composite 

structures through their whole life cycle is developed. The created NERVE 

network can be utilized to improve manufacturing quality through real-time 

monitoring and feedback control, reduce overall costs by eliminating time-

consuming post-fabrication inspections, enable new capabilities in the produced 

structural components by facilitating self-monitoring throughout the life of the 

part. 
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