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Abstract and public summary 
Seven partners joined forces in the framework of the FP7 European project SmartFiber, for the world's 
first optical "health monitoring" system for composite materials, that can be fully embedded in the 
composite itself. This disruptive approach will enable continuous monitoring of composite structures, 
allowing a full exploitation of their unique characteristics, removing the paradigm of conservative design 
and/or conservative modus operandi. Four state of the art technologies are exploited to meet this 
ambitious target: nano-photonics, advanced FBGS, automatic embedding, wireless data and power 
transmission that combined together will enable the implementation of a “smart composite”. 
 
Today, we have developed a disruptive automatic fiber placement process, by which the sensor can be 
placed in composites with the needed accuracy and care to achieve reliable information. We have 
developed for the first time a mechanical and reliable extremely thin FBGS and modeled the package of 
the interrogator to minimize impact on the device under test.  We have proven a wireless data and 
power transfer link of an in fiber composite embedded antenna, with specs that allow data transfer of 
an embedded fiber bragg grating interrogator.  We have designed the first interrogator and we are now 
finalizing its assembly.  
 
During the next and final year, these technology pieces will be puzzled together towards a demonstrator 
of the "smart composite". 
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1 Introduction 
We refer to our first White Paper for a general introduction on "smart composites" making use of an 
embedded Fiber Bragg Grating (FBG) sensor and embedded interrogator. In summary, we are 
developing an FBG interrogation apparatus so small that it can be em
composite, exploiting wireless technology for both signal and power transmission. So small that any 
cause of structural perturbation of the material is minimized. This, combined with the use of special 
reduced-diameter optical fibers 
to the development of a “smart composite” which encompasses itself the technology to be continuously 
monitored. 
 

 
Four state of the art technologies are
implementation of a “smart composite”’: 
smart micro-system, wireless data and power transmission
 

Besides the fully embedded interrogator and sensors, the four technologies are relevant as such:
1. the availability of small, highly performing interrogators are relevant in any application where 

volume and mass of the equipment should be reduced (e.g. aerospace)

  

 

We refer to our first White Paper for a general introduction on "smart composites" making use of an 
embedded Fiber Bragg Grating (FBG) sensor and embedded interrogator. In summary, we are 

FBG interrogation apparatus so small that it can be embedded as a whole inside the 
composite, exploiting wireless technology for both signal and power transmission. So small that any 
cause of structural perturbation of the material is minimized. This, combined with the use of special 

fibers and FBGs which are automatically embedded in the composite, will lead 
to the development of a “smart composite” which encompasses itself the technology to be continuously 

       
Figure 1: The “smart composite” concept 

of the art technologies are exploited to meet the ambitious target ‘enabling the 
implementation of a “smart composite”’: nano-photonics, advanced FBGs, automatic embedding 

wireless data and power transmission. 

 
Figure 2: Key technologies 
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2. automatic embedding of fibers in composite is relevant for embedding fibers and other sensors 
in composite materials in a cost-effective way while minimizing the impact on the composite 

3. small diameter FBGs can be used in any material system where the impact of the sensor on the 
material should be minimal 

4. wireless data and power transmission for composite materials might find a variety of 
applications where embedded systems must be provided with power and data from the interior 
of the material needs to be sent to the outside world. 

 
 

2 Target Specifications 
As a consequence of the strong “end-user” spirit that drives this project, the target specifications of the 
interrogator were defined matching real-life case-studies.  
The target specifications are defined in the first White Paper. 

3 Status of key technologies 
 
FBGs (Fiber Bragg Grating Sensors) 
A reduced diameter FBG sensor (target fiber cladding diameter=60um) has been developed (see 
Figure 3(a)). The mechanical and optical performance has been characterized in detail (Figure 3 
(b)-(c)).   

 
a 

b  
c 

Figure 3: (a) 60 diameter FBG sensor; (b) mechanical load set-up; (c)  plot of mechanical performances 

The interaction between the FBG sensor and the host material has been studied. In particular an 
optimization study of the FBG fiber parameters has been carried out, both theoretically and 
experimentally, in order to minimize the disruptive effect of the FBG fiber when embedded in the 
host material (Figure 4). While theoretical analysis provides the ability to determine the absolute 
optimal parameters, commercially available coatings cannot be tuned to achieve every possible set 
of material parameters. For this reason after theoretically determining the optimal parameters a 

0,000 0,001 0,002 0,003 0,004 0,005
0

100

200

300

400

500

S
tr

e
ss

 [M
P

a]

Strain [-]

 50.000 cycles
 100.000 cycles
 150.000 cycles

1548 1549 1550 1551

-80

-60

-40

P
o

w
er

 [
db

]

Wavelength [nm]

 Initial
 50.000 cycles
 100.000 cycles
 150.000 cycles



SMARTFIBER  D8.1 
 

Page 6 of 8  

comparative study of available coatings has been performed in order to determine the best choice 
within a limited subset of available coatings. In the specific case of the Ormocer coating, which is 
currently used to coat the FBG sensor developed within SmartFiber,  for the most critical loading 
case (in---plane transverse loading) it was found that the thinner  the  coating  becomes   the less 
effect it has on the strength of its host material. Consequently, in the near future, FBGs technologies 
will channel its efforts toward a further reduction of the coating diameter of the FBG sensor. 

 
Figure 4: FEM model showing fibre (red), coating (green) and composite (grey) embedded in a (loaded) host 
material 

 
Automatic embedding of a minimal intrusive smart micro-system 
Careful positioning of the optical fibres (OFs) is one of the critical aspects to the reliability of the 
information that can be obtained from the FBGs. Deformation or misalignment of the fibre can 
result in errors in strain measurements, and difficulty in interpreting the results that are obtained. 
Handling of the brittle fibres can lead to frequent breakage, which is a costly issue. For this reason 
during the second year an automated fibre placement (AFP) head was designed and built, to be 
used in combination with the robot platform which is available at Airborne’s premises (Figure 5). 
Process tests showed that the optical fibre can be laid down with good fixation to the underlying 
prepreg layer, in straight paths. And, after consolidation, microscopy tests showed that repeatable 
and consistently placement OFs are possible with the AFP head. The next step will be to enable 
placement on curved paths of real FBG sensor which will allow load/strain measurements during 
consolidation of the laminate, and finally upon loading of the cured laminate. 
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Figure 5: (a) Robot cell at ATC for automatic fiber placement; (b) microscopic image of optical fiber placed on 

prepreg layer (middle) and optical fiber together with tape on the prepreg (right) 

Nano-photonics 
WP4 is devoted to the development of the nano-photonic core of the interrogator (PIC), the photo 
detector array (PDA) and the processing electronics.  

A very first PIC was designed, processed and measured. The measured electrical and optical 
responses are mostly in line with the design, nevertheless fabrication tolerances showed to have a 
large impact on the optical device performance. The PDA, the processing (Read Out Integrated 
Circuits – ROIC) and the control electronics for the first interrogator unit, have been finalized and 
released by Xenics and are ready to be integrated in the PIC. 
 
 
 
 
 
 
 

Figure 6: (a) photonic integrated circuit; (b) PDA 

 

Wireless data and power transfer 
A successful first implementation of the wireless data/power communication link is achieved in 
fiber composite. The fabricated prototypes demonstrated that the requirements set in the target 
specs can still be fulfilled with the electronics and the antennas embedded into the composite. The 
optimal shape of the interrogator shell to minimize its impact on the host composite was 
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determined trough an extensive numerical and experimental analysis and result
manufacturing the interrogator outer shell before its embedding on the host material. 
 
 
 
 
 
 
 
Figure 7 (a): HF prototype for wireless transmission embedded into a GFRP plate. (b)
transmission embedded into an epoxy mould.

 
 
4 Summary 
 
Today, we have developed a disruptive automatic fiber placement process, by which the sensor can be 
placed in composites with the needed accuracy and care to achieve reliable information. We have 
developed for the first time a mechanical and reliable extremely thin FBGS and modeled the package of 
the interrogator to minimize impact on the device under test.  We have proven a wireless data and 
power transfer link of an in fiber composite embedded antenna,
an embedded fiber Bragg grating interrogator.  We have designed the first interrogator and 
prototype. This prototype is now under investigation.
 
During the next and final year, these technology 
of the "smart composite". 
 
Learn more 
 
For more information about SmartFiber visit:
http://www.smartfiber-fp7.eu/ 
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determined trough an extensive numerical and experimental analysis and resulted in a mould for 
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