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ABSTRACT   

A structure based on a smart material and a PID control loop is presented in this paper. A glass fiber 
reinforced plastic material is instrumented with Fiber Bragg Gratings (FBG) and Shape Memory Alloy 
(SMA) actuators. The smart material and the smart structure are both successfully checked by being 
subjected to different operational conditions at the laboratory. Very good responses are obtained under 
both slow and quicker varying conditions. 
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1. INTRODUCTION  
The new industrial requirements usually need from very complex structures. There are many examples in 
which feedback automated systems can upgrade the production with an increment of the reliability such 
as robotic car factories. The combined use of sensor, smartness and actuator systems enables the 
development of smart structures, which can respond in a predetermined manner to changes in the 
environment or in their structural conditions. In particular, new materials with self-response capabilities 
can be used in lots of scenarios to increase the final performance of the whole structure. Some attempts of 
fed back structures have been reported using Fiber Bragg Gratings (FBG) [1] such as reducing vibration 
in a metallic beam with piezoelectric actuators [2] or by modifying a mass position to reduce the vibration 
of a working structure [3]. Even in robotics field FBG sensors have been reported providing signals to 
feed a control loop to reduce the vibration of a robot arm [4]. On the other hand Shape Memory Alloy 
(SMA) actuators have also been applied to smart materials in different fields such as crack suppression on 
carbon fiber reinforced plastics [5] or to adapt wing geometry [6]. These cases combine both FBG 
transducers and SMA actuators but it is done in an offline way with no feedback process during the 
structure operation. 

In this work the properties of a smart material actuated by shape memory alloy actuator and feed-backed 
by Fiber Bragg Grating (FBG) signals under a PID control are shown. The proposed smart material is 
able to adapt its response to different operational conditions and loads to follow a pre-established target 
position for specific applications. 

2. STRUCTURE DESIGN 
A simple structure to evaluate the feedback control using SMA actuator is designed based a glass fiber 
reinforced plastic sheet. FBG transducers are attached and embedded to/in the plastic sheet and a SMA 
wire actuators are fixed to the other surface of the sheet. A metallic plate is also attached to the center of 
the structure to provoke a vertical force to the structure allowing the SMA wire to recover its original 
length. In basic, the structure is designed to obtain a stable vertical position on the metallic plate placed 
on the top. This position is measured with FBG by quantifying the deformation of the outer surface of the 
plastic sheet. The actuator wire is designed to reduce its length provoking a vertical displacement of the 
metallic plate.  
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