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What is 
Homogenization?
 Replace a heterogeneous material 

subvolume by an equivalent 
homogeneous material

 Goal: find effective material 
properties

‒ Young’s modulus, Poisson’s ratio

‒ Coefficient of thermal expansion

‒ Thermal conductivity

‒ Permittivity, permeability

‒ Coupling properties

Heterogeneous 
microstructure

Homogeneous equivalent
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When to Use 
Homogenization?
 Composite structures

‒ Fibers, particles, weaves, laminates

‒ Wind turbines, aerospace, automotive

 Lattice and cellular structures

‒ Additive manufacturing

‒ Lightweight design, metamaterials

 Incomplete material data

‒ Generate anisotropic data from 
microstructure

‒ Replace expensive measurements



From Micro to Macro
 Microscale

‒ Repeating unit cell (RUC) or 
representative volume element (RVE)

‒ Periodic or homogeneous boundary 
conditions

‒ Output: effective material matrix

‒ Analytical alternatives available 

 Macroscale

‒ Preferred technique for studying 
composite structures at global scales

‒ Full part – tube, blade, panel

‒ Behavior of composite structures based 
on homogenized materials

‒ Massive reduction in DOFs



Repeating Unit Cell - RUC

 Periodic geometry

 Examples: fiber composites, lattices, gyroids

 Periodic BC – exact result

 Size-independent – one cell is enough

Representative Volume Element - RVE

 Random microstructure – statistical sample

 Examples: random particulates, foams, batteries

 Homogeneous BC – displacement or traction

 Size dependent

Repeating Unit Cell vs Representative Volume Element 



Material Homogenization 
in COMSOL®

 Cell Periodicity

‒ Solid Mechanics, Heat Transfer, and 
MEMS

‒ Effective stiffness, coefficient of 
thermal expansion, conductivity

 Part Library 

‒ Ready-to-use RUC and RVE geometries

‒ Fiber composites, particulates, lattices, 
gyroids

 Random Particulate Composite RVE 
add-in



Showcase: Multiscale Modeling



Showcase Setup
 Microscale: Effective Properties

‒ Unit cell (fiber + matrix) from Part 
Library

‒ Solid Mechanics - Cell Periodicity

‒ Periodic BCs → effective elasticity 
matrix

 Macroscale: Composite Cylinder

‒ Layered Shell with Layered Material

‒ Homogenized properties from
microscale







Analytical Approach
 Closed-form formulas — no 

simulation needed

 For fast estimate

 Built-in mixing rules in Effective
Material

‒ Volume/mass averages, etc.

 Limited for complex microstructures
and anisotropy



Random Particulate
Composite RVE
 COMSOL Multiphysics Add-in

 Builds RVEs with random spherical 
particles

 Specify either number of particles or 
volume fraction

 Overlap control



Homogenization App
 Homogenized structural and 

thermal properties 

 Ten different unit cell geometries

 Flexibility to modify the geometry 
and material properties

 Homogenized material can be 
exported



Try It Yourself

 Try it on our COMSOL Server

 Link: vulpecula.humusoft.cz:2036

 Username / Password: showcase / showcase

 Questions?


