
 

 

 

 

4. Acoustic Modeling 

 

In order to understand how acoustic fields must be controlled for 
manufacturing FGMs, a model was built in COMSOL® using a 
multiphysics approach. A 3D model of ultrasound transducer(s) 
exciting a contained fluid was made with a geometry based on 
lab-scale experimental rig shown in the photo.  

 

 

 

 

 

 

 

 

 

The transducers oscillate at a specific ultrasonic frequency 
imparting pressure fluctuations in the fluid. Results from the model 
solved with water are plotted as 2D pressure maps.  
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6. Conclusions 

 

This project has developed a 3D model to simulate acoustic-
structure interactions of ultrasound on a fluid. This model will be 
used to understand the pressure fields in a polyurethane foam 
whilst it expands and inform the manufacture of graded foam 
samples from a lab-scale experimental rig. 

Future work will include a new material model to represent 
polyurethane foam in the fluid domain. Then, manufacturing of the 
polyurethane samples will commence, comparing them to 
homogeneous foams by mechanical testing.  

1. Functionally Graded Materials (FGMs) 

 

Chemical, phase or structural gradients within a material or 
structure designed specifically for end use application. Gradients 
can be base the amount, shape, orientation or size of one phase 
within another – see the figures (a) to (d) below. 

FGMs are designed such that a part or structure can more 
efficient, e.g. the part is made lighter but remains within stiffness 
constraints.  

We can design functional gradients but manufacturing them is 
proving difficult. 

5. Pressure Fields to Produce Optimised Structures 

 

Regions of high acoustic pressure cause oscillations in cells of 
polyurethane foam as it expands. Accurate control of the 
amplitude, frequency and position of the pressure peaks will allow 
the control of regions of high and low density in the finished foam.  

The lower density regions (blue) of the 2D beam topology would 
reduce the weight of the beam without greatly effecting its stiffness. 

Materials 

• Select material(s) 

• Define gradients(s) 

• Characterize and 
measure material 
properties 

Acoustic Model 

• Develop working model 

• Include material 
properties 

• Simulate acoustic 
interaction with 
materials 

• Design material 
microstructures 

Manufacture Samples 

• Manufacture samples 
informed by simulations 

• Characterize samples 
and refine model 

• Test samples and 
compare with un-graded 
structures 
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Variable Original Optimised 

Power of 

transducer 

xxx xx 

k_external xxx xx 

k_silicon xx xx 

Amount Shape Orientation Size 

Simply supported beam Cantilever 

Lab-scale experimental rig Model geometry in COMSOL® 

Pressure map (Pa) from 48.2 kHz 

excitation frequency, one transducer. 
Pressure map (Pa) from 25.3 kHz 

excitation frequency, two transducers. 

3. Thesis Aim: 

 

Manufacture 3D gradients in a 

polymeric material by the 

application of steady state 

acoustic fields. 

 

 

 

 

 

 

1. Topology Optimisation 

 

Topology optimisation is a tool used  to design structures 
optimised for a specific loading case. The mathematical 
model iteratively redistributes the material to minimise 
stress concentrations and deformation. Functionally 
graded materials (FGMs) can be used to achieve 
topology optimied designs. 

An example of an optimised cantilever structure fixed on 
the left with a vertical load on the right is shown.  
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2. Functionally Graded Materials 

 

FGMs realise the manufacture of topology 
optimised structures by the design of phase or 
structural gradients. The amount, shape, 
orientation or size of one material within 
another (composite materials) can be controlled 
to manufacture optimised structures. 

 

 

 

 

 

 

The current  manufacture of FGMs has 
significant limitations: 

• Slow manufacturing speeds 

• Often expensive to manufacture 

• Limitations in controlling the gradients 

Amount Shape Orientation Size 

Optimising the distribution of the material – same mass but less displacement. 

3. Overall Aim of Project 

 

To develop a cost effective 
and quick manufacturing 
process capable of 
producing 3D FGMs using 
polymeric materials.  

Step 1: Material 
Selection 

• Foamed polymer – 
polyurethane is 
chosen as the 
material 

• Cell (bubble) size 
and amount will be 
controlled to 
produce functional 
gradients 

Step 2: Process 
Selection 

• The application of 
acoustic fields will 
be explored to 
produce functional 
gradients in a 
reacting 
polyurethane foam 

Step 3: Develop 
Model 

• A model is 
developed to 
understand how 
sound interacts with 
the polyurethane 
foam 

• Used to inform 
sample 
manufacturing 

Step 4: Produce 
Samples 

• Produce foam 
samples based on 
model results 

• Compare 
functionally graded 
samples with 
homogeneous 
samples  

 

5. Optimisation of Model Parameters 

 

Data taken from the experimental rig was used for a parameter 
estimation study to improve the accuracy of the COMSOL model. 
The COMSOL Optimization module was used to set-up a least-
squares fitting for the experimental pressure data and model.  

Three parameters were chosen as optimisation variables; the 
power of the transducer, the stiffness of the external support 
structure, and the stiffness of the silicone sealant between the 
vessel walls. A Nelder-Mead optmisation solver was performed to 
minimise the least-squares fit of the experimental data to the 
model. Below are the results before and after for the 48.2 kHz 
model. 

 

Pre-optimisation Post-optimisation 

Sample Volume 

Ultrasound 

Transducer 

Pressure map from 45.0 kHz 

excitation frequency, two transducers. 

Example 2D beam topology as a 

result the 45.0 kHz acoustic field. 

Increasingly Optimised 


