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Abstract— A flexible, streamline and lightweight optical fibre 

connector-less interface composed of composite materials has 

been developed. Light is coupled in and out of the interface via a 

fibre launch system. A fibre Bragg grating (FBG) is embedded 

into the composite structure in order to investigate the optical 

performance of the interface. It is shown that an optical 

connection is maintained between the interface and multimode 

fibre in the cyclic test. 
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I. INTRODUCTION 

The adoption of composite materials for use as structural 
materials has increased over the years [1,2]. Their applications 
include use in the aerospace, automotive, marine industry and 
in infrastructure [3,4,5,6]. Cost effective and straightforward 
methods for monitoring the manufacturing process are always 
in demand, particularly for in-situ measurements [7]. Fibre 
Optic Sensors (FOS) are one of the most promising candidates 
for smart applications due to their wide range of sensing 
parameter capabilities such as strain [8], temperature [9,10], 
displacement [11], refractive index [12,13], flow direction [7], 
etc. They offer a number of advantages over conventional 
sensors for manufacturing, damage assessment and real-time 
in-situ measurements [8,14,15]. These include small 
dimensions, immunity to electro-magnetic interference, 
multiplexing capabilities, high signal-to-noise ratio and 
durability. Their small size also allows them to be more readily 
embedded inside a composite material panel, and are less likely 
to compromise the integrity of the material and structure being 
monitored. 

In this paper, we investigate a connector-less interface for 
guiding light in and out of the composite material. It is not only 
flexible and streamline, but also lightweight. The interface 
does not use the conventional method of ferrules or mating 
sleeves at the ingress/egress for alignment to the standard 
optical fibre connector. Instead, a fibre launch system is used to 
couple light in and out of the interface. The technique is 
particularly useful for applications where the size and 
dimension aspect limits FOS implementation. This type of 
connector-less interface is also highly versatile in termination. 
The flexible part can be trimmed to a desirable length. When 

the optical connection is not in use, the flexible arm can be 
flattened against the coupon or panel to be streamlined. A fibre 
Bragg grating (FBG) was embedded inside the composite 
material and subjected to a three point test to monitor the 
optical integrity.  

II. EXPERIMENT 

The flexible arm, as shown in Fig. 1, with a size of 20 cm 
by 1 cm was realised using the hand lay-up technique [16]. The 
composite material was cured in a vacuum oven at a 
temperature of 120°C for a period of 7 hours. Unidirectional 
layers of prepreg were stacked together to fabricate the flexible 
arm, where the number and the orientation of the prepreg is the 
key to determining the amount of curvature and stiffness the 
arm can achieve. For this purpose, two layers of prepreg had 
their fibres run along the length of the flexible arm, and one 
other perpendicular.  

Fig. 1. Photograph of flexible arm. 

Fig. 2. (a) Flexible arm with embedded optical fibre. (b) Flexible arm 

embedded inside coupon. 

 

 



An optical fibre, containing an FBG, was embedded along 
the length of the flexible arm (centre wavelength of 1551.1 
nm), as shown in Fig. 2(a). One end of the flexible arm was 
then embedded into a 28 cm by 8 cm composite material 
coupon (4 layer prepreg) as shown in Fig. 2(b). After curing, 
the exposed end of optical fibre, at the connector-less interface 
was hand polished. The polished interface was successfully 
aligned with bare multimode fibre using a fibre launch system. 
The Bragg wavelength was tracked using a FBG interrogator 
(Micron Optics Inc., si155). 

Fig. 3. Cyclic loading regime on coupon for ten cycles.  

Fig. 4. Bragg wavelength shift during cyclic loading regimen coupon for ten 

cycles.  

An advanced digital force measurement testing system 
(Chatillon, LF Plus) was used to carry out the three point test. 
An oscillating load of 6 N was applied periodically to simulate 
a panel undergoing a fatigue test (Fig. 3). The corresponding 
FBG measurements are shown in Fig. 4. There was a 
maximum centre wavelength shift of –0.07 nm. The FBG 
sensor reading was not disrupted during the testing indicating 
that there was always an optical connection between the 
interface and multimode fibre.   

III. CONCLUSION 

A connector-less interface composed of composite material 
has been fabricated. An FBG sensor was embedded into the 
structure to monitor the optical performance of the interface by 
means of a three point test. An optical signal was maintained 
throughout testing, showing a robust connector-less system 
without the use of a standard optical fibre connector, whilst 
being flexible and streamline. 
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