How do you calculate foam compression for a
perfect fit?

Foam compression is an important aspect of packaging design that determines the balance between protection
and fit. Calculating the correct compression ratio ensures that products are firmly secured without being
damaged during transport. By making the right calculations, you create packaging that absorbs shocks while
keeping your product in place. In this article, we discuss how to calculate foam compression for different
materials, which measurement methods you can use, and how environmental factors influence your
calculations.

What isfoam compression and why isit important for product
safety?

Foam compression refers to the degree to which foam material is compressed when a product is placed init.
It' s actually the ratio between the original thickness of the foam and the thickness after the product is placed
init. A proper compression ratio iscrucial for protecting your products during transport and storage.

With too little compression, the product sits loose in the packaging, alowing it to move and become
damaged by shocks or vibrations. With too much compression, the foam becomes overloaded, causing it to
lose its shock-absorbing properties and |eaving the product inadequately protected.

For sensitive equipment such as medical instruments, electronic components, or defense materials, proper
foam compression is essential. The difference between 20% and 30% compression can determine whether
your product arrivesintact or damaged. Especialy for fragile or expensive items like drones, communication
systems, or precision instruments, calculating the right compression ratio isn’t aluxury but a necessity.

How do you calculate theideal compression ratio for different foam
materials?

Calculating the ideal compression ratio begins with understanding the properties of the foam material you're
using. Different materials have different optimal compression values. Here is a step-by-step approach:

1. Determinethetype of foam: Open-cell foam (such as polyurethane) and closed-cell foam (such as
polyethylene) react differently to pressure. Open-cell foam typically has a compression ratio of 25-
40%, while closed-cell foam performs optimally at 30-50%.

2. Calculatethe base compression: The formulafor compression ratio is. (original thickness —
compressed thickness) / original thickness x 100%. For example, if you have 50 mm foam that is
compressed to 30 mm, the compression ratio is (50-30)/50 x 100% = 40%.

3. Adjust for density: Foam with higher density (measured in kg/ms3) can usually withstand more
pressure. For every 10 kg/m3 increase in density, you can apply approximately 5% more compression
without losing the protective properties.

4. Correct for product weight: Heavier products need more support. Use thisrule of thumb: for every 5
kg weight increase, increase the compression ratio by approximately 2-3%.

For technical applications and sensitive equipment, it’simportant to perform compression calculations
accurately. A practical example: for a3 kg drone in a case with polyethylene foam (density 45 kg/m3), you
would start with a base compression of about 35%, which you can then refine based on specific transport
conditions.



Which measur ement methods are most accur ate for foam
compression calculation?

There are various measurement methods to determine the compression properties of foam. The choice for a
specific method depends on your requirements and available equipment:

Pressure Test (Compression For ce Deflection)

The pressure test measures how much force is needed to compress foam to a certain percentage. Thisis one
of the most accurate methods and is often used in professional environments.

How it works: A plate compresses the foam to a predetermined percentage (usually 25%, 50%, and 65%) and
measures the required force. The results are expressed in kPa or N/cm?.

When to use: Ideal for technical applications where precise specifications are required, such as for military
equipment or medical devices.

ILD (Indentation L oad Deflection)

ILD measures the force needed to indent a foam sample with around indenter of a specific size.

How it works: A round plate with a 203 mm diameter indents the foam by 25% of its original height, and the
required force is measured in Newton or pounds.

When to use: Suitable for comfort applications and when you want to compare the softness or hardness of
foam.

Deflection Test (Drop Test)

This test measures how the foam responds to dynamic loading, such as afalling object.

How it works: A weight is dropped from a certain height onto the foam sample, and the rebound or
indentation is measured.

When to use: Very relevant for transport packaging where shock resistance isimportant, such as for
packaging for defense equipment and military applications.

For most industrial applications, a combination of the pressure test and the deflection test is most
informative. The pressure test provides insight into the static load capacity, while the deflection test shows
how the material performs under sudden shocks.

What istheinfluence of environmental factors on foam
compression?

Environmental factors have a considerable influence on the compression properties of foam. It’simportant to
take these into account when designing packaging that will be used under different conditions.

Temperature

Temperature fluctuations can drastically affect the stiffness and elasticity of foam:


https://faes.gaatbijnaonline.nl/en/sectors/defense/

o Low temperatures: Foam becomes stiffer and less flexible, making it less effective at absorbing
shocks. In extreme cold, foam can even become brittle. For every 10°C below room temperature,
reduce the compression ratio by approximately 5-7%.

e High temperatures: Foam becomes softer and can sag too much, providing less support for the
product. For every 10°C above room temperature, increase the compression ratio by approximately 3-
5%.

Humidity
Moisture can affect the structure and performance of foam, especially open-cell varieties:

e High humidity: Open-cell foam can absorb moisture, making it heavier and lessresilient. In humid
environments, closed-cell foam is usually a better choice.
e Fluctuating humidity: Repeated cycles of wet and dry can weaken foam and shorten its lifespan.

L ong-term storage

During prolonged compression, foam can lose its resilience, a phenomenon known as ‘ compression set’:

e Duration: The longer foam remains compressed, the more permanent deformation can occur. For
products that are stored for long periods, choose foam with alow compression set value.

e Cyclicloading: Foam that is repeatedly compressed and relaxed, such as with equipment that is
regularly used, needs to have higher resilience.

For defense and security applications, where equipment is often exposed to extreme conditions, it’s essential
to choose foam that is resistant to these environmental factors. Polyethylene and EV A foam, for example,
perform well across a wide temperature range and are relatively insensitive to moisture.

How do you translate foam compression calculationsinto practical
packaging design?

Converting theoretical compression calculations into a practical packaging design requires a systematic
approach:

Step 1. Determine the cutout in the foam

The cutout in the foam should be smaller than the product to achieve the desired compression. Use this
formula:

Cutout dimension = Product dimension x (1 — (Compression ratio + 100))
For example, for a product of 100 mm with a desired compression of 30%:

Cutout dimension = 100 x (1 — (30 + 100)) = 100 x 0.7 = 70 mm
Step 2: Determine the total foam thickness

The total thickness of the foam must be sufficient to absorb shocks. A rule of thumb is:
Minimum foam thickness around = (Product weight in kg x 10) + 20 mm

For aproduct of 2 kg, you would thus need at least (2 x 10) + 20 = 40 mm of foam all around.



Step 3: Optimize the foam layers

For better protection, you can combine different layers of foam with different densities:

e Outer layer: Firmer foam (higher density) for structural integrity
o Middlelayer: Softer foam with high shock absorption
e Inner layer: Foam with precisefit for the product

Step 4: Test and refine

Theoretical calculations are a good starting point, but tests are essential:

e Prototypetesting: Create a prototype and perform drop tests to evaluate the actual protection

e Iterative design: Adjust the design based on test results

e Simulatetransport conditions. Test under different temperatures and humidity levelsif the
packaging will be exposed to these

When designing packaging for high-value equipment, such as defense materials, medical instruments, or
electronic components, it’s important to consider tolerances. A general guideline isto maintain a tolerance of
+2 mm for manual production and £0.5 mm for CNC-milled foam.

Conclusion

Calculating the right foam compression is a delicate balance between too much and too little. By applying the
principlesin this article, you can design packaging that optimally protects your products during transport and
storage. Remember that different materials, product weights, and environmental factors all influence the ideal
compression ratio.

For critical applications, such as defense or medical equipment, it may be worth seeking professional advice.
At Faes, we understand that every product, application, and transport movement brings unigue challenges
and therefore requires a unique custom packaging solution. By combining our expertise in foam engineering
with your specific needs, we devel op packaging solutions that optimally protect your valuable products.

Frequently Asked Questions

Which foam materials are most suitable for products exposed to extreme temper atur es?

For extreme temperatures, EVA (ethylene vinyl acetate) and polyethylene are most suitable. These materials
maintain their properties between -40°C and +70°C. For very cold environments, EVA isideal becauseit
becomes less stiff, while crosslinked polyethylene performs better in heat because it deforms less. In extreme
conditions, always consider a combination of different foam types for optimal protection.

How can | test foam compression without professional equipment?

A practical do-it-yourself method is the ‘weight test': place the product in the foam cutout and measure the
thickness. Remove the product, measure the original thickness and cal cul ate the percentage. Another method
isthe 'resistance test': if you can place the product with very little force, the compression is probably too low.
If you need to use excessive force, the compression istoo high. Ideally, you should feel light to moderate
resistance.



What arethe most common mistakes when calculating foam compression?

The most common mistakes are ignoring product weight (heavier items require more compression), not
accounting for environmental factors (temperature and humidity), and applying the same compression ratio
for all sides of the product. It's also often forgotten that sharp edges need more compression than flat
surfaces. Finally, 'compression set' (permanent deformation after prolonged compression) is often overlooked
for long-term storage.

How do | adjust foam compression for fragile electr onic components?

For fragile electronics, alower compression ratio (20-25%) is optimal to prevent excessive pressure on
sensitive components. Use foam with antistatic properties to prevent damage from electrostatic discharge.
Consider amulti-layer approach: a softer inner layer that makes direct contact with the components, and a
firmer outer layer for shock absorption. For extra protection, identify critical points and provide additional
foam support there.



