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Abstract:  
 

Polyurethane foam is reinforced with varying proportions of metal loads and other 
components to increase shock absorption and mechanical impact. The main 
objective is to develop high-performance polymeric materials based on 
polyurethane foam developed with different compositions and specific densities. 
We monitor the growth distances and temperatures of the polyurethane foam in 
time to reach the optimum formulations. We conduct static compression tests and 
investigate the effect of drop weight on the deformation of polyurethane foam 
structures by dropping a weight from a specified height. Dynamic collisions cause 
deformations of the polyurethane foam structure. After investigating the low weight, 
we found that polyurethane foams have a good absorption coefficient at certain 
frequencies. Dynamic stress-strain response curves are used to characterize 
different stress rates. High-stress levels and similar strains indicate a high 
resistance to shock. We follow the evolution of microstructure structures by 
scanning electron microscopy (SEM) to observe deformation and fracture behavior 
with reversibility and recovery. 
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1. INTRODUCTION 

The robot is among the most revolutionary 
technological innovations of recent years. 
Technological developments have made robots 
quicker, more intelligent, and smarter. With the 
increasing number of cameras, actuators, sensors, 
etc., modern robotics can utilize them. A few of these 
mechanical devices are touchy to applied stress or 
acceleration. Electronic equipment is expected to 
increase but remain safe in extreme environments. 
Using various types of elastic materials, scientists can 
make a sensor with different functionality [1]. We’re 
looking for the best analytical for analyzing propriety 
viscoelastic and comparing them to experimentally 
determined values. This efficiency improvement could 
be accomplished by inserting the electronic equipment 
into polyurethane foam, which is also used to reduce 
impact and vibration loads. Polyurethane foam offers 
several dynamic characteristics with different 
performance characteristics [2]. 

Studies of these polyurethane foams are necessary 
because they can help engineers predict impact forces 
and peak retardation [3]. It is hard to calculate the 
forces using stresses caused by elastic wave stress [4]. 
Song and Dan K [5] have also studied the impact 
dynamics phenomenon by developing an impact model 
and forecasting the impact force. The elastomeric 
touchpad has a factor of linearity and stiffness in the 
contact area. In another function [6], the application of 
the contact platform was designed by nonlinear or 
linear contact hardness, and the effect varied [7]. The 
models can be analyzed to provide only the load 
pressure for various heights. However, most studies 
have not used physical properties (such as test 
specimens, drop mass, temperature, density, etc.) [8]. 
J. Sherwood and al. [9] studied the toughest workout of 
polyurethane foam to compressive power, which 
factored in temperature and the influence of density, 
strain rate, and strain. Researchers utilized viscoelastic 
equipment to defend digital systems during impact [10]. 

Wurtz synthesized the first urethane in 1849 [11]. Otto 
Bayer subsequently synthesized PUR in 1937 from the 
response of polyester double to diisocyanate [12]. This 
was also a significant development because it 
consisted of a novel way of polymerizing reactions 
under phase polymerization [13]. However, this 
polymer was initially considered useless [14]. 
Polyurethane is a polymer created by the response of 
hydroxyl groups and polyol groups to the isocyanate 

NCO groups and the resulting name of the urethane 
association [13-16]. 

Materials, including plastic foams, are solid-phase and 
gas-phase materials [17]. Thermoplastic foams can be 
rugged, elastomeric, or flexible. They can also be 
manufactured from a diverse variety of polymers like 
polystyrene, polyurethane, nitrile rubber, 
polyisocyanurate, polypropylene, polyethylene, 
polyvinyl chloride, ethylene-vinyl acetate, or even other 
polyolefins, and the global foam industry was 
dominated by poly In 2015, the global polymer 
foam industry totaled over $100 billion, with the 
production of 22 million tons as well as a projected 
consumption of 25 million tons in 2019 [18]. Polymeric 
foams will be the first preference as lighter materials 
whose properties can easily be tailor-made for various 
applications, including automobiles, furniture, footwear, 
space, toys, food, or building materials [19]. 
Polyurethane foam (PUR) is typically used for comfort 
or shock-resistant applications [16]. Polystyrene foams 
[20] are widely used for foodstuffs, sound and thermal 
insulation materials, and vinyl chloride poly foams. [21] 
for transport and building.  

Polyurethane foams are pioneers in the industry 
focused on their excellent mechanical characteristics 
[22]. These include high elongation capacity, large 
resistance in warlike environments, large energy 
absorption aptitude, thermal stability, versatility in one’s 
products and applications, chemical resistance, 
profitability, and ability to contribute to the final 
product’s effectiveness and longevity [23, 24]. The 
work in 1937 of Bayer Otto and colleagues on IG 
Farben in Germany is one of the more notable 
achievements in PUR [25, 26]. The studies produced 
further evidence of the elastic characteristics of PUR.  

Because of their high impact resistance deformities, 
low wave impedance, high distress absorption, etc., 
foam polyurethane has become one of the most widely 
used technologies in dynamic circumstances [27, 28]. 
They will play a major role in lowering the weight of 
defensive structures, adding to their high 
distinct strength (strength-to-weight ratio) while not 
reducing their capacity to weather, impact weight, or 
explosion shock. That will increase machinery mobility 
and increase safety and protection. 

The chemical structure, crystallinity level, and 
crosslinking contribute to the foam’s properties, 
including hardness, durability, cushioning, and tensile 
strength [29]. Coupling with reinforcing materials may 
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enhance the mechanical characteristics of the foam. 
Various strategies have been utilized to improve the 
impact strength of foam, including laminating [30, 31], 
sewing [32], and inserting fillers [14]. And various 
methods [33, 34]. Flexible foams provide strong 
pressure, likely energy, efficiency, and absorption of 
effects. Still, flexible foams have inferior cut and 
puncture resistance, resulting in their inability to 
dissipate energy under localized processing. The 
influence of reinforcing foam in dynamic load 
responses is investigated in the current study. The 
experiment included the creation of different foaming 
formulations and measuring their results during 
dynamic loading conditions. We perform tests to 
measure their relation to mechanical properties. 

The quasi-static monitoring cannot be exploited to 
quantitatively evaluate the force absorption properties 
of polyurethane foams during shock absorber [35] only 
under settings where strain values are greater than 
those obtained utilizing traditional mechanical test 
capacities. For service environments that require shock 
reduction, what is required is a higher rating system 
that can obtain the complex reaction of the foam below 
loading rates, which more closely correlates to impact 
situations. The approach selected for the current 
research includes the usage of the drop weight effect 
tester. Based on the specimen structure and test 
design, the apparatus may be used to mimic a wide 
variety of experimental requirements. For example, the 
fracture resilience of a substance can be examined by 
analyzing the reaction of a sample to a load impact. 
Conversely, the tolerance of a substance to penetration 
may be analyzed with the help of sample plaques by a 
sharp or moderate head effect, depending on the type 
of study. 

Characterizing the strength and impact characteristics 
of the polyurethane foam was important for the foam 
used for the weapon system [36]. The research was to 

investigate these three main areas. The first step was 
to evaluate the mechanical characteristics of 
polyurethane foam [36, 37]. Our second aim was to 
relate the energy absorption obtained from such 
calculations to a system that could be more realistic in 
a service setting. Finally, according to reports, the 
dynamic assessments of elastic modulus and elastic 
failure stress are associated with cell deformation [38]. 
The findings from the studies in this paper would serve 
as a foundation for developing polyurethane foams’ 
mechanical and physical characteristics regarding 
relationships with current forms [39]. 

2. EXPERIMENTAL METHOD  

2.1. Materials and Methods 

2.1.1. Elaboration of Polyurethane Foams (PUR)  

In manufacturing polyurethane foam, we used PMDI 
isocyanates featuring NCO reactive alcohol. We used 
aliphatic polyols, which include hydroxyl groups. This 
exothermic response results in the development of 
urethane groups, as defined in Figure 1 [16]. 

After conducting many experiments to create an ideal 
foam with shock-resistant properties, we devised an 
optimal formula for six samples that we assume have 
good chains of polyurethane foam, as shown in Figure 
S3. We tried to prove the results by experimental 
scientific methods. Some additives are listed in 
polyurethane foam, as shown in Table 1, a method 
summary in the workflow diagram in Figure S1. 

The expansion distance and temperature were 
reported at the site by making various polyurethane 
sample formulas (see Figure 2a). For Ep_01, Ep_06, 
which was free of both bentonite and alumina loads, 
and Ep_04, which contained a small percentage of 
bentonite, we noticed a continuation of the restraint 
time following the mixing of both constituents A and B 
(See Figure S1), about 172 seconds. After that period, 

 
Figure 1: Urethane processing reaction scheme. 
Were 

Risocyanate is produced from the monomer of isocyanate. 

Rpolyol is a polyol component derived from PU. 
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a sharp rise in foaming was achieved, which lasted an 
average of a full minute and produced a final height of 
19.1 cm. For me, Ep_02, Ep_03, and Ep_05, we 
noticed that it took time with significant loads. Over 
10% had a more excellent restraint time of about 343 
seconds, and the last height of 17.2 cm was measured 
after about 60 seconds. 

In situ, temperature proportions are stated in Figure 2b. 
About the situations of Ep_01, Ep_04, and Ep_06, 
perfectly of the restraint period before the onset of 
temperature rises right to polymerization, foaming 
occurred simultaneously with the foam expansion as 
anticipated. The main variance between the load-rich 
samples and those without the loads was related to the 
highest temperature achieved later in the reaction. For 
the samples Ep_02, Ep_03, Ep_05, the temperature 
was somewhat lower (3.6 °C +/-0.9 °C) than for the 
samples Ep_01, Ep_04, and Ep_06. 

We can conclude that bentonite and alumina act as 
inhibiting. This has also been observed in some 
previous research [40], bentonite can stimulate relevant 
changes in the polyurethane microstructure, and these 
modifications can be inferred from measurements of in 
situ temperature. It is well-known that during the 
swelling of the foam, there is a match between the 
crystallization and blowing responses, which identifies 
the micro-structure of the polyurethane foam [41]. The 
alumina increased the damping time as it slightly 
reduced the heat expulsion of the reaction. Simply put, 
the loads acted as an animator, altering the fine 
structure of the polyurethane foam without significantly 
altering its chemical character. 

The production of PUR in free expansion mode, that is 
to say, at atmospheric pressure, is carried out using a 
reactor with a volume of 300 ml and a mechanical 
stirrer with a speed of 2500 rpm. After thickening the 
PUR and cooling, it is extracted from the mold. The 

Table 1: Basic Compounds in the Preparation of Polyurethane Foams (in wt.%) 

Samples Ep_01 Ep_02 Ep_ 03 Ep_04 Ep_05 Ep_06 

Polyol (POPE)  62.58 59.09 58.44 62.17 58.83 65.94 

PMDI  32.29 24.87 26.26 29.49 24.09 26.61 

Glycerin (GCO)  1.38 2.19 2.15 2.29 2.28 1.015 

Dichloro-methane  0.74 0 0 0 1.24 0.82 

Catalyst  0.93 1.25 1.251 0.97 1.89 1.74 

Silicone (HS)  0.83 2.08 1.469 1.56 1.14 2.765 

PEG  1.25 0 0 0 0 1.11 

Bentonite BNT  0 10.52 10.43 3.52 0 0 

Alumina Al2O3  0 0 0 0 10.53 0 

  
     a      b 
Figure 2: Growth distances and temperatures for polyurethane foams as influenced by time. 
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effect is a foam that has, as seen in Figure 3a, b, and 
c. Manual polishing method using the EcoMet ™ 30 
polishing machine, as seen in Figure S9. 

When preparing polyurethane foams, we strive to 
develop an optimal formula in which the final product 
has the necessary shock-absorbing properties [42]. 
Every time we fix the amount of polyols, isocyanates, 
and some additives, we gradually change the number 
of loads. We aim to determine the value of bentonite 
and alumina additives and loads for which the foam is 
more flexible and effective. Every time we ensure that 
the foam indicator is homogeneous, symmetrical, and 
consistent, we divide the foam into two parts with a 
sharp scalpel, check for the absence of defects, and 
note the distribution of loads inside the polyurethane 
foam core. Some samples of polyurethane foams of 
interesting formulas, as shown in Figure S13. 

2.2. Dynamic Characterization 

2.2.1. Drop Weight Tests 

A test system given in Figure 4 was developed from 
[43] to carry out a dynamic compressive test. Effect 
checks were performed according to the 
recommendations of the NF EN ISO 6603-2 standard. 
For these dynamic tests, free drop weight is used 
without initial velocity on a specimen placed at its base. 
It is equipped with a steel impactor that has a square 
shape. The mass of the overall weight decline is 5 kg, 
and the maximum drop weight height is 1.20 meters. 
The latter is equipped with a sensor piezoelectric force 
type PCB 203B, with an acquisition card whose role is 
to bind the sensor with the digital oscilloscope with a 
bandwidth of 200MHZ, which is sufficient because of 
the test time, and a color screen and a USB input for 
data backup, to recover the forces exerted during the 
impact tests as a function of time. These measures are 
used to analyze the evolution of the strength and 

duration of the impact. The configuration of the test by 
impact tower is given in Figure S10. 

The impact examination showed the polyurethane foam 
results for impact from the perpendicular position. 
Testing was performed by lowering the sample onto a 
flat surface to assess the effect yield as per ASTM 
D5628. The data was collected by exploiting Newton’s 
laws (N) but was analyzed using DEWE Soft edition 
6.5. The data was collected using a graphing technique 
with frequency in Hertz (Hz) and force in newtons (N). 
Piezoelectric sensors were used to measure the 
intensity of the impact directly after the impact. The 
system has intense sensitivity and is thus highly 
susceptible to interference patterns. To calculate the 
impact intensity, we calculated the maximum force 
peak. 

 
Figure 4: The image shows the drop weight exam and 
impact test specimen. 

During the tests, we should assume temperature and 
humidity must be kept stable since they significantly 
influence the mechanical characteristics of 
polyurethane foam [43]. At least 10 minutes should 
lapse between repeats of impact tests as the 
viscoelastic repose of the polyurethane foam sample 

 
   a     b    c 
Figure 3: The photo shows how homogeneous the polyurethane foam is after free expansion in free air. 
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can take as long. The recovery rate of the foam 
samples was measured after each test, where the 
recovery rate is defined as the ratio of the recovered 
height to the initial height of the foam sample. 

The cylindrical specimen is about 1 cm long and 10 cm 
in diameter, prepared with different formulations using 
a special mold to prepare different sample dimensions 
for drop weight tests to maximize the free drop weight 
contact area. Fall weight test sample characteristics, as 
seen in Table 2. 

The effect experiments were performed on a drop 
weight tester attached to an automated data acquisition 
device. The testing frame may either be powered by 
gravity or mechanical control. In the case of the energy 
that could be transmitted to a research specimen 
greater than 300 J, energy could be transmitted to a 
velocity impact of around 840 J.  

A faster data acquisition device that captures the 
performance of instruments has a high resolution of 1 
Ps and can obtain a completed loading event in as little 
as approximately 4 ms. The program detects the 
difference in the crosshead rate among successive 
point data and analyzes the change. The energy 
absorbed by a specimen is then calculated from that 
instantaneous force and the measurement of the time 
derivative of the velocity since the crosshead is when 
the polyurethane foam sample is compressed. 

The resilience measure is the resilience effect on the 
surface of the samples on which a hammer drops 
vertically. Though the entire structure of polyurethane 
foam is reinforced after applying reinforcing additives, 
the low-weight mallet has less impact load, which 
explains the effective difference between the two 
strengthening additives, alumina, and bentonite. The 
explanation is that the small effect thickness 
(approximately 10 cm) has fewer reinforcing additives 
and spray materials during manufacture. On the one 

hand, fewer sprayers produced smaller binding points 
throughout the reaction, but then again, a smaller 
percentage of reinforcing additives induced evenness 
of dispersion. The smaller polyurethane foam thickness 
was less rigid for these two factors than the broader 
thickness, and the impact resistance of the 10 mm thick 
PU foam with a lower solidity when exposed to the 
falling tower impact force. 

After the preparation, we cut the samples into the 
milling machine by rotating the cutting tool (see Figure 
S5) on the one hand and the advance of the workpiece 
on the other hand, as given in Figure S8. The machine 
is equipped with numerical control to realize all 
complex forms, as shown in Figure S5. The specimens 
are loose during an impact according to Standard AITM 
1-0010, as given in Figure S6. 

The free drop weight test is used to study the bearing 
capacity of samples manufactured from polyurethane 
foam for the applied energy and their degree of 
absorption. To obtain some impact energy, E impact, 
the potential energy of the impactor is transformed into 
kinetic energy. The initial distance “H” between the 
upper roof of the specimen and the end of the impactor 
is calculated by: 

H =1.1
Eimpactor

g !Mimpact
          (1) 

Where g is gravity = 9.81 m/s2. The mass of the 
impactor “, Mimpact.” is 5 kg, while factor 1.1 is used to 
compensate for the losses occurring during the test, 
such as the friction between the guide tube and the 
assembly of the drop weight. 

For the acquisition of signals, a digital oscilloscope is 
used. For each input signal, a particular voltage range 
is set. The test is very fast and offers a wide group of 
frequencies. Thus, the frequency range of the 
acquisition system is set at its maximum of 200 kHz; 

Table 2: Characteristics of Drop Weight Tests 

Samples Length (cm) Diameter (cm) Density (g/cm3) 

Ep_1 1.09 10.09 0.43 

Ep_2 1.02 10.05 0.15 

Ep_3 1.05 10.09 0.27 

Ep_4 1 10.07 0.30 

Ep_5 1.08 10 0.22 

Ep_6 1.06 10.06 0.38 
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with each Δt = 0.005 ms, the values are recorded. This 
interval is very short (a few milliseconds), so a trigger 
associated with the signal of the force is used for signal 
recording. When a certain threshold is exceeded, the 
data backup is performed. The acquisition system can 
also save pre-trigger data, making all relevant data 
available. The test can be analyzed with the data 
collected during the impact. The first parameter to be 
determined is the impact force acting simultaneously 
on the impactor and the specimen. The force sensor 
delivers a voltage equal to the force in KN, 1V = 1KN. 

2.3. Quasi-Static Characterization 

2.3.1. Compression Tests 

Six sets of samples were tested in compression quasi-
static. Each series consists of four similarly shaped 
cylindrical specimens made from known formulations 
and compressed between the two compression plates 
of the apparatus until some deformation has been 
obtained. The stress difference for a sample strain is 
determined via a force transducer and reported during 
strain. Analysis of the data reveals the stress values 
versus demonstrating the stress-strain detour. The 
apparatus used for the compression tests is a 40 T 
dynamometer, which can be used in tension and 
compression. The mechanical compression tests were 
performed according to standard ASTM D3574 [44]. 
This test compresses the sample to 80% of its specific 
thickness at a 2 mm/min displacement. Compression 
should be maintained for 900 seconds. The stress 
curve and the final stress value are reported after 60 
seconds, defined as compressive strength. The 
acquisition software calculates the value of Young’s 
modulus according to Hooke’s law, which measures 
stress and is then applied and recorded strain. This 
system is controlled by a computer that allows the start 
of the tests and acquisition of the data using the Merlin 
software, which makes it possible to program complex 
cycles and to follow the tests at different speeds or 
displacement control, according to Gibson and Ashby 
[45]. It is recommended to use engineering constants 
when analyzing the stress-strain response of foams, 
even up to enormous strains. To this end, we, 
therefore, measured the dimensions of each test piece 
just before and after the test.  

2.4. Microstructural Characterization 

2.4.1. Scanning Electron Microscope (SEM) 

The microstructure and cell dimensions of foam 
polyurethanes are described by SEM (scanning 

electron microscope) type JEOL ALGS 840 with a 10 
kV filament voltage. First, the specimens are broken 
down in nitrogen liquid. The breakage surfaces are 
gold-coated to conduct, and the collected micrograms 
are processed using the Scion Image software to 
calculate the space distribution in the foam 
polyurethane. Based upon the discretion of the radius 
dispensation of the disks measured in the images, the 
Saltikov technique [46] is used to determine the actual 
breadth of the space, assuming it’s spherical. 

3. RESULTS AND DISCUSSION 

3.1. Dynamic Characterization 

3.1.1. Drop Weight 

The drop weight test is a dynamic validation for 
material behavior laws. The stress result curves were a 
feature of the crushing pace of the sample (obtained by 
processing the impactor displacement signal). For a 
better reading, the data is presented in absolute value. 
The piezoelectric sensor has a sensitivity of 56.2 mv 
per 1 KN, hence the need to process the results 
obtained from the oscilloscope by LabVIEW software 
being used to log details and true curves of the 
evolution of the power in terms of time. Figure 5 
represents the behavior of the impact force, such as 
how it evolves with time for six impact energies 
obtained on six polyurethane foam samples. It can be 
seen that for impact energies lower than 15 J. 

 
Figure 5: Characteristic force-time curve of polyurethane 
foams. 

The development of the impact force is shown as a 
variable of the displacement. Until the displacement at 
the beginning of the application of the force on the 
sample, the force increases linearly with the 
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displacement of the impactor, where there is high 
shock absorption resistance by polyurethane foam. The 
stiffness of the samples decreased while performing 
dynamic tests to assess the foaming behavior upon 
collision. As we recorded a maximum force resistance 
of about 1300 N/ms for sample Ep_2, we conclude that 
the greater the strength and pulse duration, the 
stronger the sample, as shown in Figure 5. 

By studying the temporal evolution of the energy 
transferred during the impact test of the cylindrical 
laminated polyurethane foam, we note that the energy 
of the foam increases to a maximum value equal to the 
kinetic energy. Based on the first results of the impact 
tests (force and time curves) associated with a visual 
inspection of the affected samples. The different 
energies and corresponding velocities are shown in 
Table 3. 

Table 3 shows that the test piece Ep_2 has better 
resistance to stronger influences than the rest of the 
samples, followed by Ep_3 and Ep_5, then Ep_1, 
Ep_4, and Ep_6. Using the values of the impact 
velocity measured by the sensor, and the 
experimentally computed velocity, it is possible to 
estimate the initial deformation velocities under the 
influence of the collider (here, we take into account the 
deformation rate of the initial contact point between the 
collider and the sample, and thus lies on the collider 

symmetry axis) are 170 s-1 for a drop height of 330 
mm. It was found that the impact velocities had little 
influence on the obtained compression/crush curves, 
and the consistent result gave a range of redistributed 
contrast. However, the presented results should be 
taken with great care of the applied strength value and 
the sample dimensions, as a thickness greater than 10 
mm corresponds to an increase of more than 33% of 
the compressive and crushing capacity. Indeed, due to 
the observed diversity in the results, the proposed 
curves appear significant in studying them. 

We note that the results obtained match the formulas of 
the manufactured samples. The samples containing the 
loads have a great effect on shock absorption, as we 
find that the test samples have proven their worth in 
dynamic characterization, with the possibility of 
highlighting the fierce nature of the typical behavior of 
viscous elastic materials, due to their strong 
dependence on the rate of deformation coefficient 
(especially the increase in the value of Young and the 
response of the substance in terms of stress with an 
increase of ˙ε0). 

Table 4 shows the characteristics of the tests with the 
drop weight for the studied polyurethane foam 
samples. We note that the density of the samples is 
maintained before and after the test, as well as the 
velocity of deformation. Despite the collision, they 

Table 3: Impact Forces and Corresponding Velocities for Specimens 

Samples V Impact velocity (ms-1) Vexp (ms-1) Fmax (N) 

Ep_1 3 3.1 5000 

Ep_2 3.2 3.2 13000 

Ep_3 3.4 3.5 5500 

Ep_4 3.6 3.6 5000 

Ep_5 3.8 3.9 5500 

Ep_6 4 4.1 3800 

Table 4: Characteristics of Tests with Drop Weight for the Whole Sample 

The samples Length 
(mm) 

Length 
after impact 

(mm) 
Diameter (mm) Diameter after 

impact (mm) 
Density (g / 

cm3) 
Density after 
impact (g / 

cm3) 
Deformation speed, 

(s-1) 

Ep_1_1 17.5 17.52 109.5 109.52 0.43 0.43 0.23 

Ep_2_1 16.72 16.71 96.2 96.25 0.15 0.15 0.23 

Ep_3_1 16.31 16.3 110.7 110.72 0.27 0.27 0.24 

Ep_4_1 16.36 16.34 102.4 102.42 0.3 0.3 0.25 

Ep_5_1 16.16 16.14 111.1 111.13 0.22 0.22 0.24 

Ep_6_1 16.58 16.54 106.6 106.66 0.38 0.38 0.24 
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indicate that the samples remained preserved in their 
morphology. This will help us in non-lethal projectile 
applications [47]. In addition to the formation being 
simple, these foams are recoverable and reused. 

The energy of the incident impact depends on the 
sample’s location, the drop load’s height, the force of 
gravity, and the recorded weight [48]. Although the 
impact energy and impact forces are not directly 
computed from the measured value, they can be 
determined by the applied forces. The weight of 
polyurethane foam is higher as the load fraction 
increases of both bentonite and alumina loads, 
indicating that the density of the polyurethane foam 
specimen is also relevant to the dimensions of the 
foam. The impact strength is expected to increase with 
the increase in the loading height. 

3.2. Quasi-Static Characterization 

3.2.1. Compression Tests 

Static compression of the first Ep_01 foam collection is 
given in Figure 6 shows a sample placed between two 
plates on a test machine, showing how a static 
pressure test is performed by performing a forcible 
change of the polyurethane initial foam diameter of 
35.5 mm. A small dispersion exists between the four 
test parts performed under the same processing and 
testing conditions. The force-displacement behavior of 
the first crystalline foam appears similar to that of the 
second, which consists of four samples. To ensure the 
uniformity of the structure of the various samples, we 
note that the curves are close and have the same 
behavior, which includes three phases, but with a 
difference in force as we apply a maximum force of 

4000 newtons. We notice that the plateau starts at a 
great value of 500 Newtons and increases rapidly to 
1500 Newtons. This behavior shows strength and 
endurance equivalent to that of heavy metals, which 
proves how hard the sample is. The most exciting thing 
is the return of the normal shape of the sample after a 
pressure process of more than 80 % of its original 
shape. 

The axial pressure drains the second foam with a 
diameter of 34.72 mm. The Ep_02 force-displacement 
behavior shown in Figure 7 is three-phased, close to 
traditional framing, and allows for exponential behavior 
of the curves. Other authors [49-51] reported this 
behavior. The force-displacement curves overlay with 
an increase in the force being applied to the plane on 
the order of 200 N, although the force of 200 N is small 
for the plane relative to the first study. This shows its 
elasticity, and here we can infer that the force 
increases dramatically with the transformation 
compression rate. 

 
Figure 7: Force-displacement curve of polyurethane foams 
EP_02. 

As for the curve of the third sample, measuring 
approximately 32,31 mm in diameter (Figure 8), there 
is a scattering across the area where the force change 
ranges from 200 to 500 Newtons. This action illustrates 
how the pressure level is transformed. The force-
displacement curve indicates an improvement of up to 
4000 N as the maximum value compared to other types 
at a maximum force of 80 % load. 

The fourth polyurethane open-cell foam, denser by 
0,23 g/cm3 than the second (EP_02), 0,08 g/cm3, has 
the same three-phase compartment as the elastic and 
condensing plateau (Figure 9). Due to the forced 
displacement behavior of this 32,4 mm foam, the 

 
Figure 6: Force-displacement curve of polyurethane foams 
EP_01. 
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dispersion is much less than in the third foam (see 
Figure 8), so the tests are relatively often. It also has a 
plateau force of about 500 Newtons, while the second 
foam is only 200 Newtons, and the maximum pressure 
of 80 % is 4000 N. 

 
Figure 9: Force-displacement curve of polyurethane foams 
EP_04. 

For the foam Ep_5, a 33.1 mm diameter open-cell 
polyurethane foam is converted by axial pressure at the 
stated level, and the forced displacement is noticed, as 
shown in Figure 10. We note that the latter consists of 
three phases, thus identical to traditional foams. Other 
authors have documented this behavior [52]. The 
strength displacement curves were drawn for four 
samples of the same fifth foam composition to describe 
the mechanical behavior of the foam better to 
understand the difference between it and the rest of the 
samples and to ensure that the reported strength of the 

foam is similar to the second foam in terms of the 
plateau. The comparison of force movement for both 
load levels indicates correlations with a small rise in the 
maximum intensity of level 3 at 4000 N. 

 
Figure 10: Force-displacement curve of polyurethane foams 
EP_05. 

Figure 11 shows the force shift’s action under the sixth 
foam’s static compressive load, converting up to 80 % 
of the initial foam shape into pressure levels. The low 
dispersion of this behavior in a transformed foam by 
plane with a plateau accelerating to approximately 500 
Newtons was recorded. It should also be noted that the 
dispersion at the maximum force is very large in two 
transformation levels, and in the case of level 3, which 
is a maximum of 4000 Newtons, the highest strength is 
reached. 

 
Figure 11: Force-displacement curve of polyurethane foams 
EP_06. 

The comparison of the typical curves of transforming 
foams shows similarity in force shifting up to a change 

 
Figure 8: Force-displacement curve of polyurethane foams 
EP_03. 
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of approximately 5 mm, which corresponds to a 
compression ratio of 40%. The strength displacement 
behavior of the second and fifth samples (see Figure 
12) is stronger, and the maximum strength at a 
pressure of 80 % is very strong for anti-shock 
applications. We note that the two samples contain 
alumina and bentonite, which helped to form an ideal 
structure to absorb high pressures. In the case of static 
compression of the pressurized mousse, the 
force/dislocation behavior is reported over three 
phases; this behavior is close to that of traditional 
molds. The average strength of the plateau is 200 
Newtons with strong productivity of foaming tests. On 
the other hand, until the 20 mm displacement, the 
dispersion is very low and even greater, especially at 
the maximum force registered at the 25 mm 
displacement. 

 
Figure 12: Curve force-displacement for comparison of 
EP_02 and EP_05 polyurethane foam. 

Figure 12 shows a comparison between the second 
foam and the fifth foam transformed by the pressure 
plane, and the behavior is almost the same 
(superposition of curves) for the foam in the elastic 
plateau plane, especially at the displacement point of 
17 mm. It should also be noted that the maximum force 
value of the second foam does not exceed 2000 
Newtons. This could be related to the difference in the 
density of the fifth foam, which was 14 times the 
density of the second foam. 

The mechanical characteristics of foams strongly 
depend on the density and structure of the cells (shape 
and size) and the percentage of open and closed cells. 
The foam may have a preferential orientation to the 
structure of the cells. Cells frequently appear elongated 
along the direction of expansion. By the way, as the 
density of the foam grows, the foam becomes less 
elastic, the height of the plate increases [53, 54], and 
the elongation of the plate decreases [55]. High-density 
foam is thus more resistant to applied stress than low-
density foam. However, the composition of high-density 
foam results in low-stress densification. For rigid 
foams, the stress value decreases dramatically at the 
end of the tray. Rather than observing increased stress 
due to densification, the stress value decreases sharply 
at the end of the tray. This is when the cell walls 
rupture, and the foam structure collapses [56]. 

The fillers used can be bentonite or alumina, a reason 
for endurance. Adding particles smaller than the foam 
cells increases the value of the initial modulus in the 
strain-stress curve. On the other hand, if the 
dimensions of the added particles are larger than those 
of the cells, the reinforcement is ineffective [54]. 
Polyurethane foams consist of a mixture of rigid 
domains and soft domains. It has been found that 
inflation of temperature or humidity significantly 
deteriorates the mechanical properties of foams [57]. 
This loss of mechanical properties corresponds to a 
decrease in compressive strength. It is probably linked 
to splitting chains belonging to the rigid domains (urea 
and urethane bonds) and breaking hydrogen bonds 
[58]. Determining the apparent density (ρ) of the 
different polyurethane foams studied consists of 
weighing the samples with an accuracy of 0.01 g and 
calculating the volume of the test pieces (Figure S11). 
The average results obtained for untransformed 
polyurethane foams (original) are given in Table 3. 

3.2.2. Poisson Ratio Determination (v) 
Two separate methods were employed to calculate the 
Poisson ratio of that polyurethane foam specimen while 
exposed to compression uniaxial. In the initial 
technique, getting images of the specimen at various 
compression ratios, the cross-sectional range is 
determined using picture processing techniques with 
MATLAB (Figure S12). On average, the Poisson’s ratio 

Table 5: Values Derived Experimentally from the Overall Compression Force of Polyurethane Foam 

Polyurethane foams EP_01 EP_02 EP_03 EP_04 EP_05 EP_06 

Maximum compression force 80 % (N) 15024 1581 15679 15568 10391 18533 
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is determined based on the estimated areas. Foam 
samples are unusually compressed at a certain 
compression stage. Photos are taken at varying levels 
by compressing them with a compact camera placed 
on a tripod. Photos of 0 %, then 25 %, then 50 %, then 
75 %, and 80 %. Digital pictures are processed by 
using the picture processing toolkit in MATLAB. The 
im2bw MATLAB command transforms initial images 
into grayscale, a picture with intensity. Then the 
grayscale images are transformed into black and white 
(Figure 13) by thresholding binary images. If picture 
pixels have luminance below the minimum, the binary 
picture output has 0 (black) and 1 for most added 
pixels (white). Based on a visual study of initial and 
processed pictures, the threshold is 0,8. For each 
image, the background color white, calculated in pixels, 
is determined by the area occupied by the PUR foam 
[59]. For method two, digital images are used not to 
estimate the area but instead to estimate the ratio of 

lateral aspect and, thus, the Poisson ratio for the 
relative displacement of material points. 

 
Figure 13: Uniaxial compression foam images in the vertical 
direction below 0%, 25%, 50%, 75%, and 80% of the 
pressing ratio. 

The calculation of the Poisson ratio for the various 
samples is achieved through an imaging technique 
consisting of taking photographic images at certain 
compression rates and measuring the widths of these 
samples so that the Poisson’s ratio can be identified 

Table 6: Characteristics of Samples before and after Compression Tests 

Polyurethane foam Length 
(mm) 

Length after 
compression (mm) 

Diameter 
(mm) 

Diameter after 
compression (mm) 

Density 
(g/cm3) 

Density after 
compression (mm) 

(g/cm3) 

Ep_1_1 35.6 30 35.5 31 0.32 0.5 

Ep_1_2 35.5 30.5 35.7 33 0.34 0.46 

Ep_1_3 35.5 30 36.5 33 0.31 0.45 

Ep_1_4 35.4 30 35.9 33.2 0.32 0.44 

Ep_2_1 34.72 34.41 34.2 32.61 0.07 0.08 

Ep_2_2 32.5 32.41 32.41 33.22 0.08 0.07 

Ep_2_3 30.72 30.42 34 32.34 0.07 0.08 

Ep_2_4 30 30 31.51 30.3 0.07 0.07 

Ep_3_1 32.31 32 32.71 32.5 0.23 0.23 

Ep_3_2 31.68 32.31 31.6 31 0.23 0.24 

Ep_3_3 30.01 30 32 32.71 0.24 0.22 

Ep_3_4 30.4 30 32 33 0.27 0.26 

Ep_4_1 32.36 32.1 32.4 32.66 0.23 0.23 

Ep_4_2 32.48 32.16 32.58 33 0.23 0.22 

Ep_4_3 32.58 32 32.6 33.1 0.23 0.22 

Ep_4_4 32.3 31 32 32.58 0.22 0.23 

Ep_5_1 33.16 32.56 33.1 33.06 0.16 0.16 

Ep_5_2 31.18 30.4 31.78 33.28 0.18 0.17 

Ep_5_3 31 30.42 31.4 33.1 0.18 0.17 

Ep_5_4 32.66 32 32.1 32.94 0.17 0.17 

Ep_6_1 32.58 32.18 32.66 33.56 0.34 0.32 

Ep_6_2 33.64 33.28 33.14 34 0.32 0.31 

Ep_6_3 35.6 32 32.48 33.36 0.34 0.32 
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(see Figure 14). However, exponential behavior 
demonstrates the evolution of the mechanical 
behaviors of negative Poisson-ratio foams [60].  

 
Figure 14: The Poisson ratio (v) difference according to the 
compression of the various foams tested. 

The diameters of the test parts are determined 
according to the compression ratio of the various foams 
tested. This analysis is shown in Figure 14. Poisson 
ratio variance (v) is based on the studied foam 
compression ratio. The second and fifth foams have 
overall positive Poisson ratios of 0.25 for a 
compression ratio of 10% and 15%, followed by a 
decrease with a compression ratio of up to 80% to -
0.1% for the foam. The first, third, fourth, and sixth 
transformed foams have negative Poisson ratios, in the 
form of a plateau, very near the border of-0.25 to-0.45, 
with a compression rate of between 50 and 80 %. This 
is caused by the microscopic transformations in the 
samples of materials that determine the durability of the 
cytoskeleton of the polyurethane foam, leading to the 
unique shape of the ribs of elongated or compact cells. 
The result is a negative Poisson ratio. With Poisson-
0.55 obtained for the compression rate of 25 %, the 
fourth foam has a slightly greater degree of permittivity, 
while for the first foam, this coefficient is just-0.48 for 
the same compression ratio. For the third foam, the 
compression ratio is-0.55 at 57.5%, and we have also 
reported a Poisson coefficient of-0.5 for the sixth foam, 
with a pressure ratio of 37.5%. Even if the core ratio of 
Poisson is positive [61], the Poisson ratio can become 
harmful. Brander and Lakes [62] Poisson’s coefficient-
0.5 for polyurethane foams is very similar to the sixth 
foam of this research. 

The experimental results are consistent with recent 
scientific references. For example, Wen et al. [63] 

studied the dynamic constitutive model of high-density 
rigid polyurethane foam subjected to impact loading. 
They found that the Poisson’s ratio of the foam 
decreased with increasing strain rate and became 
negative at high strain rates. They attributed this 
phenomenon to the microstructural changes in the 
foam cells, such as cell wall buckling and hinge 
rotation. Liu et al. [64] studied the mechanical 
properties of polyurethane-enhanced triply periodic 
minimal composite structures inspired by rachis 
microstructure and found that the Poisson’s ratio of the 
composite structures was negative and tunable by 
changing the rachis angle and thickness. They 
explained that the negative Poisson’s ratio was due to 
the deformation mechanism of bending-dominated 
auxetic behavior. 

However, some scientific references also report 
different findings from the experimental results. For 
example, Rahimidehgolan et al. [65] investigated the 
influence of specimen profile size and thickness on the 
dynamic compressive behavior of rigid PVC foams. 
They found that the Poisson’s ratio of the foams 
increased with increasing strain rate and became 
positive at high strain rates. They suggested that this 
was due to the densification and compaction of the 
foam cells under high strain rates. Koohbor and 
Youssef [66] reviewed the polymeric foams and their 
nanocomposite derivatives for shock absorption. They 
found that most polymeric foams had positive 
Poisson’s ratios static and dynamic loading conditions 
[67]. They stated that this was due to the elastic 
recovery and resilience of the foam cells. 

Therefore, it can be seen that there is no universal 
trend for Poisson’s ratio of polyurethane foams under 
different loading conditions. The Poisson’s ratio 
depends on foam density, cell morphology, strain rate, 
loading direction, and microstructural changes. The 
experimental results presented in this paper provide 
valuable insights into the auxetic behavior of 
polyurethane foams with different topologies and 
compression ratios. However, more studies are needed 
to understand the underlying mechanisms and factors 
affecting Poisson’s polyurethane foams ratio in different 
scenarios. 

The effect of temperature on the mechanical properties 
of polyurethane foams is significant and complex. [68], 
increasing temperature generally leads to an increase 
in pore size, a decrease in density, and a decrease in 
the mechanical properties of polyurethane foams. 
However, different temperatures affect different stages 
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Table 7: The Table Shows the Data from Different References on Various Parameters and Properties of Polyurethane 
Foams 

Reference Method Parameters Properties Comparison with our results 

Widdle Jr et al., 2008 [59] Image processing 
and area estimation 

Uniaxial compression 
ratio 

Poisson’s ratio (0.15 - 
0.45) 

A similar range of Poisson’s ratio for 
some foams but a different trend 
with an increasing compression 

ratio 

Vaz & Fortes, 2001 [60] 
Finite element 

simulation and cell 
collapse analysis 

Uniaxial compression 
ratio Poisson’s ratio (-0.2 - 0.2) 

A similar range of Poisson’s ratio for 
some foams but a different trend 
with an increasing compression 

ratio 

Yang et al., 2003 [61] 
Finite element 
simulation and 

geometric analysis 

Uniaxial compression 
ratio, cell angle, cell size, 

cell thickness 
Poisson’s ratio (-0.5 - 0.5) 

A similar range of Poisson’s ratio for 
some foams but different 

dependence on geometric 
parameters 

Brandel & Lakes, 2001 [62] 

Thermo-mechanical 
processing and re-

entrant 
transformation 

Uniaxial compression 
ratio 

Poisson’s ratio (-0.25 - 
0.45) 

A similar range of Poisson’s ratio for 
some foams, but different 
mechanism of re-entrant 

transformation 

Wen et al., 2023 [63] 

Split Hopkinson 
pressure bar test 

and dynamic 
constitutive model 

Impact loading, strain 
rate, microstructural 

changes 
Poisson’s ratio (-0.1 - 0.3) 

Similar range and trend of Poisson’s 
ratio for high-density rigid 

polyurethane foam under impact 
loading 

Liu et al., 2023 [64] 
Finite element 
simulation and 

experimental testing 

Uniaxial tension and 
compression, rachis 

angle, rachis thickness 

Poisson’s ratio (-0.4 - 0), 
compressive modulus, 

tensile modulus 

Similar range and trend of Poisson’s 
ratio for polyurethane-enhanced 
triply periodic minimal composite 
structures under uniaxial tension 

and compression 

Rahimidehgolan et al., 2023 
[65]  

Split Hopkinson 
pressure bar test 

and image 
processing 

Impact loading, strain 
rate, specimen profile 

size, specimen 
thickness, densification, 

compaction 

Poisson’s ratio (0.1 - 0.4) 
Different ranges and trends of 

Poisson’s ratio for rigid PVC foams 
under impact loading 

Koohbor & Youssef, 2023 
[66] 

Literature review 
and analysis 

Static and dynamic 
loading, elastic recovery, 

resilience 

Poisson’s ratio (positive), 
compressive strength, 

tensile strength, energy 
absorption 

Different range of Poisson’s ratio for 
most polymeric foams under static 

and dynamic loading conditions 

K. O. Park et al., 2005 [67] 
Cellular structure 

transformation and 
image processing 

Uniaxial compression 
ratio, volumetric 

compression ratio, cell 
wall buckling, hinge 

rotation 

Poisson’s ratio (-3.4 - 0), 
deformability, resilience 

A similar mechanism of cell wall 
buckling and hinge rotation for 

negative Poisson’s ratio behavior, 
but different range of Poisson’s ratio 

for polyurethane foam with a 
negative Poisson’s ratio 

Wang et al., 2022 [68] Literature review 
and analysis 

Temperature, pore size, 
density, cell morphology, 

phase separation 

Thermal conductivity, 
compressive strength, 
tensile strength, elastic 

modulus, etc. 

Different effects of temperature on 
the mechanical properties of 

polyurethane foams 

Saint-Michel et al., 2006 
[69] 

Experimental testing 
and modeling 

Bentonite or alumina 
particles, filler size, filler 

compatibility, filler 
dispersion 

Compressive strength, 
initial modulus, stress-

strain curve, etc. 

Different effects of filler type and 
size on the mechanical properties of 

polyurethane foams 

Petrů et al., 2017 [69] 
Experimental testing 

and numerical 
modeling 

Density, cell 
morphology, soft and 

rigid domains 

Stiffness, strength, 
elasticity, energy 

absorption 

A similar effect of density on the 
mechanical properties of 

polyurethane foams 

Abedini et al., 2022 [71] Experimental testing 
and image analysis 

Chemical composition, 
cellular structure, 
compression ratio 

Poisson’s ratio (-0.55 - 
0.25), compressive 

modulus (1 - 10 MPa), 
stress-strain curve 

Our results are based on this 
reference 

WO1999025530A1 - Scale-
up of Negative Poisson’s 

Ratio Foams - Google 
Patents, n.d. [72] 

Mold assembly and 
heat treatment 

Volumetric compression 
ratio (1 - 10) 

Poisson’s ratio (-0.5 - -1), 
deformability (10% - 

100%), resilience (90% - 
100%) 

Different ranges and trends of 
Poisson’s ratio for negative 

Poisson’s ratio foams with different 
volumetric compression ratios 

Y. J. Park & Kim, 2013 [73] Scaffold fabrication 
and cell culture 

Negative Poisson’s ratio 
scaffold 

Negative Poisson’s ratio 
scaffold (-0.55), 

chondrocyte proliferation 
(2 - 4 times), collagen 

production (1.5 - 2 times) 

Different applications of negative 
Poisson’s ratio polyurethane 

scaffold for articular cartilage tissue 
engineering 
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of foam formation and service. The effect of filler type 
and size on the mechanical properties of polyurethane 
foams depends on the filler particles’ compatibility and 
dispersion in the polymer matrix. Adding bentonite or 
alumina particles can improve polyurethane foams’ 
thermal stability, and fire resistance also affects their 
mechanical properties in different ways [69]. Adding 
particles smaller than the foam cells can increase the 
initial modulus in the stress-strain curve while adding 
particles larger than the cells can reduce the 
reinforcement effect. Moreover, adding alumina 
particles can increase the compressive strength at low 
strain levels, while adding bentonite particles can 
increase the compressive strength at high strain levels. 

The effect of density on the mechanical properties of 
polyurethane foams is related to the foam architecture 
and cell wall composition. Increasing density can 
increase the stiffness and strength of polyurethane 
foams but also reduce their elasticity and energy 
absorption capacity [70]. Moreover, increasing density 
can change the relative contribution of soft domains 
(polyol segments) and rigid domains (urea and 
urethane bonds) to the mechanical behavior of 
polyurethane foams. The 2 + 1 phase model can better 
describe this behavior than the Gibson and Ashby 
approach, as it considers both phases separately. 

The experimental results show that the Poisson ratio of 
polyurethane foams depends on the chemical 
composition, the cellular structure, and the 
compression ratio. Some foams have positive Poisson 
ratios, meaning they become thinner when stretched 
and thicker when compressed, as expected for most 
materials. However, some foams have negative 
Poisson ratios, which means they behave oppositely, 
becoming thicker when stretched and thinner when 
compressed. This is attributed to the microscopic 
transformations in the cell ribs of the foams, which can 
buckle or elongate depending on the applied stress 
[71]. The text also shows that some foams have very 
low or high negative Poisson ratios lost to the 
theoretical limits of -0.5 and -1.0, respectively [72]. 
These values indicate that the foams have very high 
deformability and resilience, which are useful for shock 
absorption and energy dissipation applications [73]. 

Table 7 shows the data from different references on 
various parameters and properties of polyurethane 
foams. We can use this table to compare and contrast 
the results from different studies and understand the 
factors and mechanisms that affect the mechanical 
behavior of polyurethane foams. 

3.3. Microstructural Characterization 

3.3.1. Scanning Electron Microscope (SEM) 

As presented in Figure 15, the electron microscope 
image was taken immediately after the drop 
experiment. The spastic fracture of the alumina-
reinforced polyurethane foam Ep_05 appeared 
immediately after the blast damage. It has been found 
that this foam first generates a compressive 
deformation onward load-carrying bearing, then 
appears to cause crop and tear damage along the 
direction of the fall. We note that after hours, the foam 
returns to its normal state, but the shock effects do not 
appear to the naked eye and must be examined with 
an electron microscope to monitor the evolution of the 
impact of the fall experiment. 

 
Figure 15: Polyurethane foam fracture surfaces Ep_05 after 
a burst inspection. 

Figure 15 shows the foam cells loaded with different 
proportions of bentonite; after compressing, the 
elongation of the cells appears parallel to the falling 
hammer. We also note a change in the reinforcement 
content of bentonite as the distribution appears to be 
heterogeneous with the foam cells. It is believed that 
strengthening the bentonite can greatly improve the 
force of the blast as the latter is not affected by the 
force of the impact. The main reason is that the 
reinforced bentonite added to the polyurethane foam 
can increase the neogenesis between the foamed 
cells, and the number of cells becomes higher per unit 
region.  

When the loaded polyurethane foam is subjected to 
force, such cells spread and effectively consume the 
force of the blast. In comparison, we note that alumina-
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loaded foam has a much higher burst strength than 
bentonite-loaded. That is because bentonite is less 
dense than alumina, and with the same weight ratio, 
the amount of alumina is greater than that of bentonite. 
Thus, the alumina in the polyurethane foam is evenly 
distributed, and the explosive pressure is easily spread 
along the urethane chain. Loads exceeding 11% by 
weight are difficult to distribute evenly. They will be 
subjected to accumulation in a polyurethane mixture. In 
the end, polyurethane foams adding 10% alumina by 
weight have an ideal bursting force of 150 N. 

The calculated apparent density of the prepared 
polyurethane foams was between (0.15 and 0.43 
g/cm3). Although the densities of the same formula are 
very related from a functional perspective, it has also 
been found that the standard deviation of polyurethane 
foams containing loads of bentonite and alumina has a 
value of twice the standard deviation of load-free 
foams. The findings reveal that integrating loads within 
the foam results in a somewhat heterogeneous 
formation. 

SEM images of the polyurethane foam microstructure 
from the second, third, and fourth samples loaded with 
different proportions of bentonite are shown in Figure 
16. The polyurethane had an asymmetric expansion, 
and the cell was slightly extended within the expansion 
region. This investigation is demonstrated by the fact 
that this polyurethane foam was formed into a rigid 
structure. 

In the statistical study of the second bentonite-loaded 
polyurethane foam cell volume (Figure 16), it was 
realized that the magnitude of the cells parallel to the 
expansion direction was 616 ± 106 µm. The cell 
magnitude in the vertical direction was 370 ± 60 µm. 
On the contrary, the volume of the alumina-loaded 

foam cell (Figure 15) showed low volume in both 
directions. That is, the mesh magnitude in the 
longitudinally also vertical directions was 450 ± 144 µm 
and 243 ± 60 µm, respectively. This drop was observed 
in the size of other nano-reinforced [41]. 

We can also see in Figure 17 the distribution of 
alumina in the fifth formula polyurethane foam. These 
loads are distributed in an untidy but homogeneous 
manner. By comparison with the distribution of 
bentonite in the polyurethane matrix, we notice that the 
distribution of alumina is better. This is due to the 
nanometric scale’s smaller radius of alumina than 
bentonite. Alumina causes a slight variation in cell 
orientation reverently to growth direction 10-15, and 
this may be due to the action of alumina for thixotropic 
reinforcing, which leads to a changing viscosity 
prerogative and an increase in the temperature during 
elevation [74]. 

 
Figure 17: SEM images of Ep_5 polyurethane foam cells, 
showing the distribution of alumina in a polyurethane matrix. 

 
Figure 16: SEM images of polyurethane foam cells Ep_2, Ep_3, and Ep_4 show the diffusion of foam cells loaded with different 
proportions of bentonite. 
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Figure 18 shows the cross-section of the first and sixth 
polyurethane foam supports. A rough and partially 
smooth surface can be observed where these cells 
appear partially open, allowing them to absorb shock 
effectively. This shows that additional breakdown levels 
are created when cells are broken down [41]. 

CONCLUSIONS 

The results and scanning electron microscope images 
show that loads of bentonite and alumina strengthen 
the foam structure. The effectiveness of shock 
absorption was related to a specific proportion of the 
loads. 

The mechanical characterization of polyurethane foam 
of a certain density aims to calibrate the usability of the 
foam experimentally in the laboratory before its use as 
a non-lethal weapon. Based on these alveolar 
materials, these last warheads should be able to stall 
the target without causing permanent injury or fatal 
outcomes. The experimental results are presented for 
mechanical tests. The dynamic tests are performed by 
the drop Drop weight machine we designed and 
manufactured. 

Six separate series of polyurethane foams have been 
prepared and subsequently tested under static loading 
with a sample range divided into four samples for 
pressure testing of each series. The completion of 
these tests enables the following conclusions to be 
drawn:  

• The mechanical action (force-displacement) 
occurs in three phases at the static pressure in 
the second and fifth polyurethane foams; a linear 

phase shadowed by a plateau and then a 
condensed phase where the strength is rapidly 
increased by increasing displacement. The linear 
foam process is tiny. The conversion rate effect 
determines the foam’s movement since the fifth 
foam’s overall compressive strength is greater 
than that of the second foam. The second and 
fifth foams have the highest Poisson positive 
ratios of 0.25 to 10 % and 15 % of corresponding 
compression ratios. 

• The first, third, fourth, and sixth foams have 
negative Poisson ratios (acoustic), which are 
very similar to a plateau, in the order of-0.25 to-
0.45 for a compression ratio of 50 to 80%. The 
dispersion reported in the results is primarily due 
to the foam’s shape and the spontaneous 
structural changes in cell dimensions and 
defects. 

• The microstructural analysis demonstrated the 
open-cell nature of the foam produced. Also, an 
improvement in the production process is 
necessary to ensure better respectability of the 
characteristics of the foams studied. 

The results of the compression tests showed the typical 
behavior of viscoelastic materials in three phases: 
linear elastic deformation, plateau, and densification. 
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