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Abstract  

Vacuum assisted Resin Transfer Molding (VaRTM) is widely used for molding of 
composite structures. However, ensuring complete impregnation of the resin into fiber 
materials is difficult and it sometimes causes the formation of un-impregnated regions, 
called dry spots. Due to the poor quality of a VaRTM process, its application is currently 
limited. Therefore, monitoring of the resin flow during the process is necessary to predict 
and prevent the formation of dry spots. This paper presents a method to observe resin 
impregnation in a VaRTM process without embedding sensors into composite structures. 
Planar-shaped sensor electrodes arranged on a molding tool are used to measure electrical 
capacitance values from pairs of the electrodes. These measurements are combined with the 
numerical simulations of a VaRTM process to estimate the state of the resin impregnation. 
This method is based on the ensemble Kalman filter (EnKF), known as a sequential data 
assimilation technique. The proposed method was examined by a numerical experiment. In 
the numerical experiment, the resin-impregnated region and the permeability distribution of 
a fiber preform were estimated concurrently and it was confirmed that the decrease of flow 
velocity in a low permeability region could be estimated. 
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Data	
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  monitoring	
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u Requirements	
  for	
  flow	
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  of	
  thick	
  part	
  processing	


Ø Proposed	
  method:	
  data	
  assimila>on	
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  Non-­‐invasive	
  sensor	
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  to	
  three	
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  resin	
  flow	
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Ø Proposing	
  a	
  sensor	
   that	
  can	
  obtain	
   the	
   informa>on	
  of	
  
three	
   dimensional	
   resin	
   flow	
   from	
   a	
   surface	
   of	
   a	
  
structure	
  

Ø Developing	
   a	
  method	
   to	
   es>mate	
   resin	
  flow	
   from	
   the	
  
measured	
  values	
  and	
  numerical	
  simula>on	
  

Ø Inves>ga>ng	
   the	
   validity	
   of	
   the	
   proposed	
   method	
   by	
  
numerical	
  experiments	
  

3



Overview	
  of	
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u Darcy’s	
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　Numerical	
  experiments	
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Conclusions	


Ø Flow	
  monitoring	
  method	
  integra>ng	
  electrical	
  measurements	
  and	
  
numerical	
  simula>ons	
  by	
  the	
  EnKF	
  was	
  developed.	
  

Ø In	
  a	
  numerical	
   inves>ga>on,	
   it	
  was	
  confirmed	
  that	
  the	
  resin	
  flow	
  
front	
   and	
   permeability	
   field	
   can	
   be	
   es>mated	
   during	
   a	
   VaRTM	
  by	
  
the	
  proposed	
  method.	
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