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Abstract 

The automated high-volume production of lightweight and intelligent composite parts is one of the key technologies 
for the automotive industry. Modern concepts introduce “intelligent” parts by integrating sensor networks into the 
composite. These networks record different physical signals and can even work as active components. A popular 
application scenario is the permanent structural health monitoring. This paper presents a novel high-volume 
production technology that addresses the integration of large piezoceramic sensor and actor elements in glass fibre 
polyurethane composite parts using the Multi-Fibre-Injection (MFI) spraying technology. By directly integrating the 
piezo fibres, this technology combines sensor production and part production into one single step. First experiments 
showed that such piezoceramic sensors are functional. Other experiments demonstrated the successful integration of 
different electronic components and batteries into composite parts. 
 
© 2012 Published by Elsevier Ltd. 
 
Keywords: Piezoceramic Sensors; Long-Fibre-Injection; LFI; Multi-Fibre-Injection; MFI; Sensor Networks; Structural Health 
Monitoring; High-Volume Production; 

1. Introduction 

To design intelligent and cost efficient parts, we are working on concepts for high-volume production 
technologies of glass fibre reinforced polyurethane composite (GPC) structures with integrated 
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piezoceramic sensor elements and electronics. The idea is to develop a new process, based on the well-
established Long-Fibre-Injection (LFI) technology that directly integrates the generation of sensor 
elements in the production process. This novel Multi-Fibre-Injection (MFI) technology combines the two 
separate production stages of sensor production and structural component production in one stage. 

2. Basic technology and process development 

Glass fibre polyurethane composites are predestined for the manufacture of large lightweight parts [1, 
2]. For the series production of intelligent composite structures with integrated sensor elements, the 
automated Long-Fibre-Injection (LFI) technology is particularly suitable [3]. In the LFI process, glass 
fibre-reinforced composite structures are manufactured in a single-stage process. Rovings are fed into a 
special cutting unit, chopped to defined lengths and discharged simultaneously with the polyurethane 
matrix into an open mould [4]. After the spraying operation and the closing of the mould, the fibre 
polyurethane mixture cures in the closed cavity and expands depending on the used polyurethane system. 
Due to the discharge into an open mould, this spraying technology offers several possibilities for the 
integration of electronic and piezoceramic elements.  

In first applications using manual integration of piezoceramic elements and adapted electrode 
structures, the function of a sensor element could be demonstrated. A prototype of the piezoceramic 
sensor element is shown in Fig. 1. 

To proceed further into the direction of mass production and automatic integration of active 
components, a novel Multi-Fibre-Injection (MFI) method based on the LFI spraying technology is 
proposed. Both concepts are compared in Fig. 2. The MFI method allows the process-immanent 
fabrication of intelligent composite structures with sensory properties by integration of piezoceramic and 
electronic functional elements in GPC. 

3. Integration of Active Electronic Components 

To create intelligent composite structures, the signals generated by the piezoceramic sensor elements 
have to be analysed by electronic evaluation units. These electronic components are exposed to different 
process-related loads like pressure and temperature during the integration process. Therefore, several 

Fig. 1: Prototype of an extensive piezoceramic sensing element. Fig. 2: Comparison of the LFI mixing head (left) and the novel 
MFI mixing head that directly incorporates piezo fibres in the 
production process. 
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4. Conclusion 

The suitability of glass fibre polyurethane composites to produce intelligent lightweight structures with 
integrated sensor elements could be demonstrated. With the innovative Multi-Fibre-Injection method 
based on the LFI technology, a manufacturing process is developed, that permits the process-immanent 
integration of piezoceramic sensor elements in GPC structures. In processing studies, the influence of 
process-related loads on embedded piezoceramic and electronic functional elements has been analysed. 
Due to gentle embedding by spraying discharge and low pressure compared to other production 
technologies, the integrated components are not affected heavily. Electronic components endure the 
temperature during processing as well as piezoceramic elements. Sensors and transponders are able to 
deliver information after being embedded. Furthermore, most battery types can supply the same amount 
of electric energy as before. 
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Fig. 5:  Passive temperature transponder before 
integration. 

Fig. 6: Discharge curve of a rechargeable NiMH battery cell before 
and after integration. 


