
Liquid Composite Molding (LCM) identifies a family of composite manufacturing processes, generally 

characterized by infusion/injection of liquid resin system into a mold cavity where a fiber preform is placed. 

A very common LCM process is the Resin Transfer Molding (RTM), which is typically divided in 5 steps: 

 

 

 

 

 

 

 

 
 

 

LCM techniques are extremely sensitive to unavoidable material and process variations. Critical step for 

laminate quality issues is the impregnation of dry preform: troubles during this phase often lead to scraps.  
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Flow-front Estimation 

Research aims to improve process reliability and robustness, by 

developing a methodology to monitor the flow and predict part 

quality already during the impregnation stage. 

For this purpose a novel experimental/numerical approach has 

been investigated: the leading idea is to reconstruct the fluid flow-

front profile and evolution through a numerical code, based on 

information given by pressure sensors embedded in the mold.  

The achieved flow tracking permits the early identification of 

defects and flaws and allows an in-line quality assessment: this 

helps to address production problems, detect scrap prematurely 

and reduce efforts for post-process quality assessment. 

 

 

 

Sensoring System 
Development of a smart sensoring system represents the prerequisite for an accurate 

process monitoring. Guidelines for sensors design are: high accuracy and low response 

time, applicability to different mold shapes and material types (sensors 

physically/chemically resistant and non invasive to the laminate), resistance to 

manufacturing temperature and pressure, interchangeability and ease to install. 

The developed monitoring system consists therefore of few pressure sensors, connected to 

an apposite acquisition/conditioning device. Sensor data are analyzed through a software 

written in NI LabVIEW environment. 

 

This section shows the effectiveness of the developed 

numerical code in estimating the flow-front shape. A 

fender-like geometry is considered and three sensors have 

been strategically located in laminate domain. 
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The measuring principle adopted is the piezoelectric effect. Sensor cores are made of  

piezocrystal by Kistler AG. Main characteristics are here listed: 

 • Sensitivity 

 ~ -18.5 pC/bar 

• Maximum sensed pressure 

 200 bar 

• Service temperature range 

 0-200°C 

• Melting (max) temperature 

 450°C 

• Front Diameter 

 6 mm 

Sensor Appearance 

 

The numerical code allows to track the flow progression in mold cavity based on few 

discrete pressure values provided by the sensors. 

The code is based on a MATLAB – COMSOL Multiphysics routine: the algorithm 

operates an iterative adaptation of flow-front profile, until simulated pressure values 

coincide with measured pressure data. 
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Comparison 

Main features of the numerical code: 

•  Free part design and sensor 

arrangements  
 

•  Fast computing and simulation 
 

•  High flow-front resolution with a low 

sensor number 
 

•  Stationary and time-dependent flow 

paths detection 
 

•  Flow-front estimation in complex 

mold geometry 
 

•  Recognition of non homogeneous 

permeability fields 

The algorithm  first detects the flow paths and then 

estimates the flow-front at different time steps. 

The methodology has been successfully validated in real 

test cases. The estimated flow patterns have been 

compared with the real ones captured by a camera 

through an half transparent mold during textile 

impregnation. 

The approach has potential application to complex Non-

Simple-Connected cavities, with the possibility to monitor 

the flow advancement and possible disturbances, based 

on detection of transient flow paths (dotted lines below). 

It is noticeable that a sufficient flow-front resolution is 

provided by using only three pressure sensors in the 

tested injection cases. 


