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Abstract: We propose a FBG-based accelerometer design which comprises of a spring mass 

system resting on a diaphragm. Theoretical sensitivity of 68.88 pm/g was obtained which matches 

the simulated sensitivity of 67.31 pm/g.  
OCIS codes: (060.0060) Fibre optics and Optical communications,(120.0120) Instrumentation measurement and metrology, 
(220.0220) Optical Design and Fabrication 

1. Introduction     

FBG based accelerometer finds applications in fields which are prone to electromagnetic interference due to its 

immunity to the same. The constrained restoring force model consists of a spring and diaphragm with one end of the 

fiber fixed on a spring and the other is fixed at the case. The mass is made to oscillate in the vertical directions with 

the help of a thin diaphragm. The spring can also be replaced by a metal bellow.  

     In this case, the spring-mass system acts as a transducer and converts the applied acceleration to strain in the 

FBG sensor. Depending on the location of the FBG, it either gets compressed or elongated leading to a negative or a 

positive change in refractive index. The fiber is pre-tensioned to prevent the chirping of the fiber grating.  

     In this work, theoretical equations for determining the sensitivity of the model have been derived. Also, an 

attempt has been made to simulate the results using COMSOL Multiphysics software. This model is first of its kind 

and is expected to reduce cross-sensitivity due to the diaphragm attached to the mass.  

2.  Theory 

The restoring force (F) for a small displacement (  ) is given by 

             (by Hooke’s Law)       (1) 

where K is the spring constant,   is the strain and L is the initial length of the spring. Due to acceleration being 

applied on the vertical direction, the mass will press into the diaphragm causing a deflection ωF. The restoring force 

sets the mass to rise to its normal position. The deflection it causes will be given by ωr. By using elastic theory [1-3], 

we have: 
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where   = ma and F are the accelerated inertia mass force and the elastic reaction force respectively, D is the 

bending rigidity, R radius of the diaphragm and As numerical coefficient. As the net deflection will result in a strain 

in the fiber, we have: 
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So the sensitivity coefficient S of the model is written as,                               
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where     is the bandwidth of the reflective spectrum and Kb is a constant. For a spring of spring constant 890.625 

N/m and a copper diaphragm of thickness 0.5 mm, we get sensitivity S = 68.88 pm/g. 

3. Simulations 

COMSOL Multiphysics has been used to simulate the model (fig.1). The modules primarily used are the Solid 

Mechanics module and the Electromagnetic waves, Frequency Domain (ewfd) module. FBG has modelled using the 

ewfd module and the strain has been coupled to the refractive index using the Solid Mechanics module. After 

application of the proper constraints and running a stationary and boundary mode analysis on the optical fiber, the 

effective modal index ni and the principal strain can be obtained. 

     We know that from bragg condition, 

                                                                                                      (5) 

where ni is the effective modal index and i is the grating pitch.   
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Fig 1: Simulation of the model in COMSOL Multiphysics  

 

When fiber is strained on application of a non-zero acceleration, this strain results in a shift in the Bragg wavelength. 

Let it be denoted by λB
’
.  Thus, we have 

  
     

 (   );                                (6) 

where ni
’
 is the refractive index with stress optic effect and i represents the principal strain that can be obtained 

from the COMSOL model.  

Then the change in wavelength is given by  

      
                (7) 

This change in wavelength can be plotted against the corresponding acceleration values and the slope of this graph 

gives the sensitivity of the model. Following the above procedure to simulate the model the change in wavelength 

for various accelerations has been calculated.  

     Under fixed constraints, the simulations have been finished for accelerations ranging from 1g to 10g in steps of 

1g. The change in wavelength is calculated using equations 5-7 and plotted against their corresponding accelerations 

(Fig 2). From the graph (Fig. 2), it is noted that the system shows a linear response and its sensitivity (from the 

slope) is 67.31 pm/g which matches with theoretically calculated sensitivity. 

 
Fig 2: Change in wavelength plotted against the applied acceleration simulated in COMSOL Multiphysics 

4. Conclusion 

In this work, a theoretical model has been developed for the constrained restoring force based FBG accelerometer. 

By using COMSOL Multiphysics software, the model has been simulated. Theoretical value of the sensitivity and 

the sensitivity value obtained from simulations seems to be in close correlation. The model will provide reduced 

cross sensitivity due to the diaphragm attached to the model. Reduced cross sensitivity provided by the model will 

be further verified through experiment in the near future.   

5.  References  

[1] Zhang, J., Qiao, X., Hu, M., Feng, Z., Gao, H., Yang, Y. and Zhou, R,“Proposal of metal bellows-based fiber Bragg grating accelerometer”, 
Chinese Optics Letters, 9(9), p.090606  (2011). 

[2] Weng, Y., Qiao, X., Feng, Z., Hu, M., Zhang, J. and Yang, Y,“Compact FBG diaphragm accelerometer based on L-shaped rigid cantilever 

beam”, Chinese Optics Letters, 9(10), p.100604  (2011). 

[3] Timoshenko, S. and Woinowsky-Krieger, S,Theory of plates and shells  (1959). 
 


