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Introduction 

Foams have long been a common choice for the light-weight 
core of sandwich structures [1], benefiting from their absorption 
capabilities [2]. However, recent advancements in 3D-printing 
technologies have enabled engineers to fabricate intricate lattice 
structures [3], marking the beginning of a new era in materials 
for protection applications. Compared to foams, lattices exhibit 
superior strength, largely due to their reduced susceptibility to 
localized yielding [4]. Their characteristic stress–strain curves 
display a distinct linear elastic region followed by a relatively long, 
flat plateau, making them more effective for energy absorption 
[5]. Flexibility in design is the feature which allows lattices to be 
compatible with the needs of a particular application [6].

Gibson and Ashby [7] developed a design approach for 
foams used in the packaging industry, based on the stress–strain 
characteristic diagram obtained from compression test. Then, this 
diagram is converted to impact-energy absorption diagram. Vaziri 
Sereshk and Faierson [8] introduced a compression test setup 
for lattice structures, detailing the sample configuration, testing 
conditions, and data analysis methods. They further extended 
Ashby’s design methodology to apply to metallic lattices.

The energy absorption capabilities of metallic lattices have 
been extensively studied in the literature [9]. However, impact 
absorption—particularly in protection-related applications—
warrants further investigation. This is especially critical in areas 
such as packaging and safeguarding humans from injury during 

high-impact events. For instance, in military armored vehicles, 
protecting occupants from air blasts and land mine explosions 
(including improvised explosive devices, or IEDs) remains a 
major concern. Even when blast absorbers are effective enough to 
absorb significant amounts of energy and preserve the structural 
integrity of the hull, the resulting blast pressure can still transfer 
considerable momentum to the vehicle, causing severe life-
threatening injuries such as traumatic brain injury and spinal 
cord compression [10,11]. This highlights the importance of 
absorbing impact. Lattice structures are increasingly utilized in 
these scenarios. Other examples include crush boxes in civilian 
vehicles for low-velocity impacts, lattice liners in athletic helmets 
[12], protection systems for ship hulls and offshore structures 
[13], sacrificial layers for NASA reentry capsules [14], and 
military airdrop cushioning systems [15]. This study presents a 
quantitative analysis to assess the current state of cutting-edge 
research, highlighting where industry and funding agencies are 
directing their investments. These trends offer valuable insight 
into the future applications of advanced materials in protection-
focused industries.

Energy and Impact Absorption Researches

Google Scholar search engine is used to compare the trend 
and number of research and publication for lattice structures and 
foams. The result is summarized as bar charts in Figures 1(a) and 
1(b) for energy and impact related research published before the 
year 2025.
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Figure 1: The amount of research conducted to discuss energy (Figure. 1(a)) and impact (Figure. 1(b)) absorptions of foam and lattice 
cellular materials for the first quarter of the 21st century.

Discussion

It indicates that for the first quarter of the 21st century, the 
amount of research conducted to discuss energy absorption 
of both cellular materials is growing at the same rate. However, 
lattice is taking the lead and widening the gap in the last five years. 
This may be attributed to the ability to modify cell topology during 
the design phase of lattices, in contrast to the inherently irregular 
and random geometry of foam cells. While the maximum energy 
absorption per unit weight is typically achieved at a relative 
density between 0.2 and 0.3, the lattice topology can significantly 
influence the magnitude of the peak for absorbed energy through 
different collapse mechanisms [16]. This represents a key 
advantage of lattices over foams. 

It demonstrates that impact absorption behavior of these two 
types of cellular materials has been studied far less extensively 
compared to their energy absorption characteristics. For 
approximately every 30 studies on energy absorption, there 
is only one focused on impact absorption. This area remains 
underexplored and warrants more in-depth investigation. It 
shows that foams have traditionally been the preferred choice for 
impact absorption. However, the use of lattices for this purpose 
has been increasing, quickly narrowing the gap. One reason can 
be the outcome of recent studies demonstrating superiority of 
lattices due to offering more design features including gradient 
density through the structure [17]. This allows greater control 
over impact absorption. 

Conclusion

The comparison of research trends shows that while both 

foams and lattices have been widely studied for energy absorption, 
lattice structures have gained increasing attention in recent 
years due to their tunable geometry and superior performance 
through varied collapse mechanisms. In contrast, impact 
absorption remains significantly underexplored, with far fewer 
studies dedicated to this area. Although foams have traditionally 
dominated impact-related applications, recent advancements 
highlight the growing potential of lattices, which offer greater 
design flexibility to control impact response. These findings 
highlight the strong potential of lattices as a preferred material for 
protection-focused applications, encouraging further funding and 
research to fully explore their advantages.
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