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INTRODUCTION
Composite Materials

• Composites are made up of individual materials referred to as

constituent materials
• Two main categories of constituent materials: Matrix and Fiber
• Some Advantages: Light Weight, High Strength, Durability, Strength

Related to Weight, Corrosion Resistance and Design Flexibility

Need to integrate with COMSOL
• COMSOL Multiphysics is capable of modeling and simulation of any

physics-based system
• Adding a user-friendly interface to integrate Composite Material

properties will further enhance its capabilities
• Use of Composite Materials in various industries such as aircraft,

automotive, etc is rapidly getting acceptance
• So, in the process of modeling and simulation, many a times user

wants to use Composite Materials properties in the analysis
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METHODOLOGY

• COMSOL API (Application Programming Interface) which is an
interface based on Java, is used to develop custom application based
on COMSOL

• An initial GUI is built based on a model of a simple ‘Rectangular Block’,
having a point force acting on the edge

• Final GUI is built based on a model of ‘Mechanical Part’, having a
combination of forces and moments acting on it

• Halpin-Tsai Model, a semi-empirical model chosen based on its
accuracy and appropriateness, is used to develop algorithm to
calculate Composite Material properties
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HALPIN-TSAIMODEL

where,
M  = composite material modulus E22, G12 or ν23

= composite material modulus Ef, Gf or νf

= composite material modulus Em, Gm, or νm

Halpin-Tsai equations are the handy forms of Hill’s generalized self-consistent model
results with engineering approximations to make them suitable for the designing of
composite materials.
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PROGRAM ARCHITECTURE

Declaration of Class 
and Parameters

Basic methods:
Main, init, start
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PROGRAM ARCHITECTURE

‘Solve’ method to 
run model

‘leftPanel ‘method for 
defining fields in input 
side of GUI
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PROGRAM ARCHITECTURE

‘Solve Button’ which 
calls ‘solve’ method

‘Calculate Button’ 
method calculates 
composite properties
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PROGRAM ARCHITECTURE

‘fiberProp’ method for 
defining fiber properties

‘matrixProp’ method for 
defining matrix properties

Excerpt from the Proceedings of the 2014 COMSOL Conference in Bangalore



PROGRAM ARCHITECTURE

‘rightPanel’ method for 
defining fields in 
output side of GUI

‘linePlot’ method for 
plotting Line Plot
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PROGRAM ARCHITECTURE

‘plot’ method and 
‘surfacePlot’ method for 
plotting surface Plot

‘menu’ method for menu 
bar at the top of GUI
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USER INTERFACE…

INPUT INTERFACE
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…USER INTERFACE

INTERFACE FOR
POST-PROCESSING
OF RESULTS
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RESULTS
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RESULTS
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RESULTS

CONTOUR PLOTExcerpt from the Proceedings of the 2014 COMSOL Conference in Bangalore



RESULTS
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RESULTS

CONTOUR PLOT
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RESULTS
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RESULTS
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LIMITATIONS AND CHALLENGES

• Integrating failure criteria’s for composite materials is not possible in 
an user interface

• Selecting points in the 3-D model is not possible by using mouse 
events on graphics panel

• Meshing of an complex model is difficult to perform in an user 
interface
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CONCLUSION

• Composite Material properties were successfully integrated with  
COMSOL Multiphysics in a user-friendly interface

• GUI created is compatible to be used for any model for the purpose of 
performing simulation with Composite Material properties

• GUI can also be used to perform some of the important Post-
Processing which can be cumbersome to do in COMSOL Multiphysics 
GUI for an inexperienced user
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THANKS FOR YOUR ATTENTION
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