
How modelling and simulation can 
accelerate product development 

A flurry of fresh ideas and concepts is 
vital when shaping any new device, but it 
is also critical that this collection of initial 
creative approaches is properly filtered 
before beginning any proof of principle 
work. Cost and suitability for purpose are 
both important factors to consider, but 
basic checks on whether a concept is even 
physically feasible must also form a key part 
of this process. Developers may already 
have some sense of this, but even the most 
experienced may discount concepts which 
could be viable. Modelling and simulation 
let scientists and engineers take a closer 
look at a concept, to identify its underlying 
principles and apply their expertise in 
evaluating its potential performance. 
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Bringing a new product to market can be a 
lengthy and expensive process. Thankfully there 
are tools available to help manufacturers bring 
down costs and speed up delivery, including 
modelling and simulation. These methods 
draw on a fundamental understanding of the 
underlying physics that shape a potential 
device, and its operations, and can help 
companies avoid potentially costly and time-
consuming dead-ends – particularly when used 
in the early stages of product development. 
So too can they add value in the later stages, 
providing insights into how a product will 
perform in the real world.
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What does this look like in practice?
Imagine you want to chill a canned drink from room 
temperature. Quick “back of the envelope” calculations 
can quickly determine how much energy we need to 
remove from the can to reach a desired temperature, 
assuming we know its volume. We can also work out 
the power needed to achieve this cooling within a given 
time frame. Cooling the contents – in this case, pure 
water – of a standard 330mL drinks can from 20°C to 
5°C requires the removal of 20kJ of energy. This will 
require 67W of cooling power, if we want to achieve 
this within 5 minutes.

These initial calculations are not the full picture, 
however, as we have not considered how the energy 
in the above example is removed. To do so, we need 
to consider the thermal conductivity of the can and 
the nature of the liquid it contains. To achieve our aim 
of cooling the can’s contents within our designated 
timeframe, it is vital to agitate the drink it contains. 
This will avoid limiting the speed at which it cools 
as static liquid forms a cool layer near the can wall, 
reducing the temperature gradient which drives the 
energy transfer. Our cooling process is also limited 
by the material from which the can is made. Heat is 
driven through a material – in this case, the aluminium 
wall of the can – by a temperature difference, which 
itself is determined by the refrigerator in this instance. 
However, cooling a can in 5 minutes requires the 
fridge to be well below 0°C , which risks creating an 
insulating wall of frozen drink inside the can.

We begin to see, then, that there is a limit to what 
these kinds of simple calculations can tell us about 
how a product or device will behave under real-
world conditions. What’s needed are more detailed 
calculations. A useful next step in our above example 
– where we already have a good deal of understanding 
about the physics underlying its quasi-static case, 
but want to extend our model to understand how the 
system evolves over time – would be to build a custom 
model in software.

Examining the radiative heating of a 
consumable 
Radiative heat transfer is a relatively straightforward 
process but can be difficult to evaluate in a simple 
manner, thanks to its non-linear nature. Designers can 
employ a time-dependant custom model to understand 
a device’s performance limitations in terms of heat 
transfer, and how to optimise its design to address 
these limitations. The figure shown below compares 
the calculated performance of an optimised design 
(blue line) with that of a real-world demonstrator model 
at two measurement positions (red and purple lines).

Modelling is also invaluable once the initial selection 
and evaluation of concepts is complete and product 
development moves into design and prototyping 
phases. It can be used to inform a product’s detailed 
design – and to avoid issues which would otherwise 
only become apparent through long, complex and 
potentially expensive testing.



Modern Computer Aided Design (CAD) packages, 
used by design engineers to define a device’s exact 
geometry, often include Finite Element Analysis (FEA) 
capabilities. Through such software the physical 
properties of specific materials can be assigned to a 
device design, which can then be loaded with physical 
forces to determine how it deforms through use, as 
well as where stresses build up in its component parts. 
Each operating step of the device can be modelled, 
simulating its complete operation. Such analysis can 
inform a designer where weaknesses may exist, as 
well as likely solutions to the problem. Repeating the 
analysis on a modified part then demonstrates the 
effectiveness of each solution.

Refining the design of a gear train
Gears are often used for mechanical actuation but 
designing them to withstand failure under real-world 
conditions can be challenging. Design package 
simulation is an effective means of evaluating internal 
strains in their components, at various points in 
the operating cycle, and refining the details of the 
design accordingly. The image below shows part of 
a device incorporating a gear chain, with the colour 
scale indicating the internal strain each part is under, 
increasing from blue to yellow.

CAD based FEA is not sophisticated enough to 
address all the processes in a device, however, many of 
which can be linked in a complex manner. A localised 
heat source can, for example, cause unwanted thermal 
expansion through conduction, resulting in moving 
parts jamming. Parts in other designs may have 
complex elastic, plastic or hyper-elastic properties. The 
interactions of electric and magnetic fields in devices 
with complicated geometries, or the generation of 
sound by moving fluids, are other examples of these 
complex processes and interactions in action. In such 
cases it is necessary to use sophisticated software 
packages – which incorporate multiple physical 
processes, including mechanical, thermal, electrical 
and magnetic effects – to study their impact on a 
device’s design. Such software, including COMSOL, 
can accommodate these complex systems and 
allow study of a potential design to understand the 
interplay of the various effects which may affect them, 
enabling a device’s creator to improve their design, to 
again avoid unwanted and unforeseen delays in their 
product’s development.



Model and simulation inspired design
Using modelling and simulation, Sagentia developed 
a Polymerase Chain Reaction (PCR) consumable and 
reader for a start-up company, which provides an 
in-vitro diagnostic system.  Its primary component 
is a reaction vessel that relies on 6 types of physics: 
electrical heating, forced air cooling, IR temperature 
monitoring, thermal conduction/convection, light 
piping and pressure sealing. We developed a sequence 
of mathematical models to address these competing 
requirements and test its design. Scaling-law analysis 
identified the optimal form factor, in this case a 
cylinder versus a disc, while an equation-based model 
identified the key challenge – achieving temperature 
uniformity – and pointed to a novel solution. Finally, 
coupling this model to finite-element simulations 
allowed us to optimise its design and analyse its 
tolerances. This resulted in a highly efficient design 
process, which delivered useful engineering insights.

Results of the detailed finite element analysis of the 
optimised model, showing the spatial temperature 
variation (coldest – dark blue: hottest dark red)

Results of the equation based model showing the 
radial distribution of temperature



Calculating costs ahead of manufacture 
The virtual world offers further opportunities to 
optimise design before cutting metal. Most CAD 
packages let the user apply material properties to 
a model, which can be used to generate mass and 
volume properties. Armed with this information we 
can use any one of the, freely available and surprisingly 
accurate, online moulding cost estimators to give us an 
indication of likely cost.

Sagentia undertook a concepting program for a client, 
who then asked for a likely cost of goods in production. 
Using an online moulding cost estimator, the main 
component came out at 13.5c. In order to calibrate 
this estimate, we asked a Taiwanese contract moulder 
to quote us for the same part in the same volumes. 
They quoted 14c, demonstrating the accuracy of the 
estimator - and the validity of our design.

Conclusions

Simulation and modelling can be used 
to inform product development from 
early concept stages, helping designers 
avoid unsuitable choices, as well as 
in the testing of prototype devices, 
where modelling can confirm optimal 
performance and design, helping to 
avoid failure under real-world operating 
conditions. 

Both require skilled scientists and engineers to 
construct and run the models but can provide real 
insight into the final performance of a product and 
this initial cost can help to avoid even costlier delays 
in development. Sagentia regularly undertakes such 
product design projects, providing modelling and 
simulation for our clients when they do not have 
the correct skill mix in-house to undertake the work 
themselves.
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About Sagentia 

Sagentia is a global science, product and 
technology development company. Our mission is to 
help companies maximize the value of their 
investments in R&D. We partner with clients in the 
medical, consumer, industrial and food & beverage 
sectors to help them understand the technology and 
market landscape, decide their future strategy, solve 
the complex science and technology challenges and 
deliver commercially successful products. 

Sagentia employs over 150 scientists, engineers and 
market experts and is a Science Group company. 
Science Group provides independent advisory and 
leading-edge product development services 
focused on science and technology initiatives. It has 
ten offices globally, two UK-based dedicated R&D 
innovation centers and more than 400 employees. 
Other Science Group companies include OTM 
Consulting, Oakland Innovation, Leatherhead Food 
Research, TSG Consulting and Frontier Smart 
Technologies.
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