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Abstract
One of the most important features of the special clothing used in such sports as hockey, horse 
riding, football, combat sports, motorcycling and martial arts is protection against injuries 
due to blows and falls. Impact protectors inserted in clothing and protection equipment 
should fulfil this function. Methods for estimating various materials’ ability to dampen the 
stroke energy have been described by the authors in previous papers. Two different testing 
methods were used while carrying out investigations into dampening impact blows. A special 
tactile pressure sensor film was used for further assessment and investigation of the impact 
force, which is exerted by one of the impactor of the stands at contact with the specimen. The 
results obtained by example testing are discussed, and the advantages and disadvantages 
of this method emphasised.
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Estimating the Shock-Absorbing Ability 
of Protector Materials by Use of Pressure 
Films

n Introduction
Sports activities, especially horse riding, 
football, hockey, fighting skills, fenc-
ing, snowboarding, and motorcycling, 
involve the risk of injuries as the effect 
of impacts [1-4]. Special clothing and 
clothing elements are recommended 
to protect people playing these sports 
against blows. Impact protectors, which 
in their structure include layers of mate-
rials damping the energy of impacts, are 

essential parts of such clothing [5-7]. The 
importance of protection while practising 
sport and the necessity of large-scale pre-
vention of impuries have been confirmed 
by the European Standardisation Com-
mittee (CEN TC162 WG9 and WG11) 
while devising standards concerning the 
requirements and testing methods for the 
sportswear and equipment used in these 
sports.

Two different testing methods for esti-
mating the energy dampening abilities 
of the materials used in impact protectors 
were presented in paper [10]. The first 
was a static test, carried out on the basis 
of standard PN-87 C-04289 [8] with the 
use of a Instron tensile tester. The second 
was a dynamic test with the use of a 
pendulum machine constructed specially 
for the purposes of evaluating materi-
als subjected to protect impact forces. 
Comparing the results of both tests, it 
was demonstrated that the evaluation of 
the energy absorption ability established 
in static conditions was confirmed by 
dynamic tests.

The European Standards mentioned 
above, which cover impact protectors 
used in sportswear test methods, describe 
the requirements for measuring stands 
designed for estimating a material’s abil-
ity to damp the energy from blows. Such 
a test stand, the Drop Tower, has been 

designed and built at the TRICOTEXTIL 
Institute of Knitting Techniques and 
Technologies (ITTD). A detailed descrip-
tion of the Drop Tower, as well as prelim-
inary test results, was presented in [10].

This paper describes the evaluation of 
the shock-absorbing ability of speciality 
materials, namely adhesive bonded non-
woven coir mats, by means of another 
two test methods.Both methods used the 
Drop Tower at the same time, but while 
the first method was based on the meas-
uring systems of the Drop Tower, the 
second method was based on the appli-
cation of special tactile pressure sensor 
films (TPSFs). 

n Materials
Two samples of adhesive bonded coir 
mats were prepared. Coir mats are pro-
posed as an alternative material for ap-
plication in impact protectors.

Commercially available water dispersion 
of ethyl vinyl acetate (EVA) was used as 
an agent to bind the individual fibres of 
the nonwoven. The dispersion was used 
in a ratio of 50% EVA to 50% coir. This 
kind of binding agent has high damping 
ability, and can be applied instead of 
the sticky natural latex of high elastic-
ity which was hitherto used for binding 
material fibres in nonwoven.. The stud-

Table 1. Description of samples.

Sample 
number Material Note

1 N3 Coir mat with density of 120 kg/m3, of 20 mm thickness;

3 N3H220
two layers of coir mats 
(first mat with density of 120 kg/m3, of 20 mm thickness; 
second mat with density of 220 kg/m3, of 5mm thickness
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celeration (negative acceleration) of the 
impactor.

This force, in accordance with Newton’s 
third law of action and reaction, is equal 
to the force transmitted onto the anvil 
through the sample, which is recognised 
as the hypothetical impact protector. It is 
especially important to gauge the impact 
force on the anvil, as it simulates a part of 
the human body. The value of this force 
is the measure of the tested material’s 
ability to protect against an impact. 

Method 2: Estimation of shock-ab-
sorbing ability by using TPSF
To estimate the contact pressure informa-
tion during the impact test on the Drop 
Tower, a special commercially-avail-
able tactile pressure sensor film (TPSF),  
known as Pressurex®, was placed be-
tween the sample tested and the anvil. 
The TPSF technique can be used in any 
situation where two components contact 
or impact with a normal (perpendicular) 
vector of force. The force distribution 
and the magnitude can be determined. 
Only the forces of pressure values, which 
exceed the minimum measuring range of 
the pressure film, are recorded. Micro-
capsules embedded in the film burst at 
precise pressure levels and release chem-
ical contents, which then interact with a 
developer component to produce visible 
colour changes, namely different shades 

ies on coir/Eva nonwoven are presented 
in [9], and the samples are described in 
Table 1.

n Methods
The aim of this study was to determine 
the cushioning properties of the sam-
ples tested by two methods: performing 
the impact testing with the Drop Tower 
measuring devices, and using special tac-
tile pressure sensor films (TPSF).

Method 1: performing impact testing 
The measuring stand of the Drop Tower 
type was used in the first testing method. 
The stand enables the material’s dynamic 
damping ability to be investigated during 
a vertical drop of a free-falling impactor 
on a sample placed on an anvil. During 
impact, the impactor acceleration and 
the sample deflection were recorded. The 
impactor acceleration enables the force 
response of the sample to be determined 
according to the equation F = ma, where 
m is the impactor mass and a is the de-

of red (Figure 1). This quantifiable col-
our change is directly proportional to 
the amount of the pressure applied. The 
colour change of the film can be visually 
compared to a colour calibration chart, to 
obtain an approximate indication of the 
magnitude of pressure (Figure 2).

A more sophisticated and accurate tech-
nique for analysing and interpreting TPSF 
is by using an optical imaging tool. This 
tool is the Topaq pressure analysis sys-
tem, which consists of Windows-based 
software and a specially calibrated scan-
ner. The film test results gives information 
about the pressure distribution and mag-
nitude, as well as the summary of forces 
caused by pressure which is included in 
the measuring range of the TPSF used.

n Impact test results 
Two experiments on the Drop Tower 
measuring machine were conducted with 

Figure 2. The colour of Pressurex sensor 
film can be visually compared by the colour 
correlation chart; (pressure range 13 
– 30 kPa) [13].

Table 2. Results of impact tests from the Drop Tower Stand measuring systems, and results 
according to Topaq software analysis.

Impact test 
parameters

Drop Tower stand measuring 
systems Topaq software analysis

Material
Impact 
energy, 
J (±5%)

Force
FD , 
kN

Contact time 
between 
impactor 

and a 
sample, ms

Sample 
displace-
ment, mm

Force 
FT, kN

Pressure, kPa

Average Min. Max.

N3 15 8.20 12.05 11.65 6.17 16 00 9 00 52 70
N3H220 15 6.53 13.93 13.54 4.99 15 30 8 90 52 70

Figure 1. Cross sectional view of Pressurex 
Film; (4 mils = about 0.1 mm) [13]; a - sub-
strate (polyster film) 4 mils, b - microcapsule 
layer, c - colour developing layer.

Transfer sheet

Developer sheet

Figure 3. Performing impact testing with Drop Tower stand: a) Pressurex film, 
b) anvil, c) tested sample.

Figure 4. Raw imprints of impacts.

2nd test 1st test
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simultaneous use of the Pressurex® film. 
The film was affixed to the anvil under 
the test sample (Figure 3). In this study, 
a medium-pressure film with a pressure 
range of 1400-7100 p.s.i. (1-5 kPa) was 
used, so only pressures in excess of 
8.9 MPa were recorded. The raw im-
prints of impacts are presented in Figure 

4. The results of the impact tests obtained 
by the use of the Drop Tower measuring 
systems are presented in Table 2.

The test data (i.e. the raw imprints of the 
impacts) was returned to the producer 
of the Pressurex film for optical imag-
ing and analysis. This analysis revealed 

the areas of highest impact pressure as 
transmitted through the samples tested. A 
pseudo-colouring of the scanned 2D and 
3D image showed, in the yellow-orange 
area, where the values of the impact force 
measured were greatest (Figure 5). 
 
Other analysis features, besides the 2D 
and 3D rendering options (Figure 5) 
are the histogram chart (Figure 6) and 
the pressure profile line scan (Figure 7). 
The pressure profile line scan, thanks to 
the narrow segment of the test scanned, 
enables estimation of the force pressure 
values presented in Table 2.

n Summary
In the current study, the values of the 
forces transmitted to the tested samples 
while carrying out impact tests were 
compared. The testing results were ob-
tained by two methods: by use of the 
Drop Tower stand (force FD) and by use 
of TPSF (force FT). During tests with 
the use of TPSF, only forces that caused 
pressure values between 1400-7100 p.s.i. 
(the green area in Figure 4) were trans-
formed by the analysing system. The 
values of forces which caused pressure 
above and below this range were not 
recorded. This fact may explain why the 
force values obtained with TPSF testing 
(FT) are lower than the force values ob-
tained from testing with the Drop Tower 
measuring systems (FP).

According to the results obtained by both 
test methods, the lower force values for 
N3H220 compared with N3 indicate that 

Figure 5. The 2D 
and 3D rendering of 
the data recorded on 
the TPSF high film, 
2D - a) and b); are-
as of highest pressu-
re appear as orange 
and yellow in this 
image. Note: this 
figure is presented 
in colour in the in-
ternet edition of the 
journal (www.fib-
tex.lodz.pl).

Figure 6. A histogram analysis of the pressure and pressure statistic. The green colour of the impact area shows where the pressure values are 
within the measuring range of the pressure film. Areas exceeding the chosen maximum value appear as red. Note: this figure is presented in co-
lour in the internet issue of the journal. Note: this figure is presented in colour in the internet edition of the journal (www.fibtex.lodz.pl).

Figure 7. The line-scan reflects the amount and location of pressure along a user-
defined line. Note: this figure is presented in colour in the internet edition of the journal 
(www.fibtex.lodz.pl).
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the shock-absorbing ability is higher 
for N3H220. In addition, the pressure 
(force) distribution is more uniform for 
N3H220.

n Conclusions
n The measuring stand (Drop Tower) 

designed for estimating and analysing 
the shock-absorbing ability of materi-
als destined for impact protectors is a 
very valuable research tool. It enables 
both a qualitativeand a quantitative 
analysis of the phenomenon of kinetic 
energy absorption of the materials 
tested. However, it does not provide 
any information about pressure (force) 
distribution under the protector during 
impact. The high values of this force 
when concentrated on a small area 
of the human body are particularly 
dangerous, and can cause injury and 
damage to the body.

n The Pressurex sensor film used dur-
ing impact testing gives the possibil-
ity of determining force (pressure) 
distribution transmitted under the 
impact protectors being tested. With 
relative ease, the local impact force 
and average pressure caused by the ki-
netic impact energies, can be assessed 
visually. This additional information 
obtained due to the application of 
Pressurex film can help in preparing 
appropriate material composition and 
the construction of impact protectors 
to diminish the risk of injury during 
accidents.

n The preliminary tests carried out do 
not allow the accuracy of the TPSF 
method to be estimated, especially as 
the evaluation procedure used by the 
TPSF manufactories is not known ex-
actly (e.g. the averaging method used 
for pressure). Considering the calibra-
tion of the Drop Tower measuring 
systems, which we carried out, we can 
assume that the accuracy of the force 
measurements by TPSF is worse than 
20%, and that the force magnitude ac-
curacy of 4% given by the producer is 
doubtful. A more precise estimation of 
this problem requires additional tests.

n When implemented as a means of 
estimating force distribution, TPSF 
can support the overall results of the 
Drop Tower test stand measuring sys-
tems excellently, providing additional 
information to the total dynamic char-

acteristic (the cushioning properties) 
of the tested material about the force 
distribution under the tested sample.
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‘RECENT ACHIEVEMENTS 
IN FIBRE AND POLYMER 

PHYSICS’ 

in honour of

Professor 
Andrzej Włochowicz

on the occasion 
of his 75th birthday.

We believe that this scientifc meeting 
will be the best way to show our 
appreciation of Professor Włochowicz’s 
excellent contribution to science in the 
field of fibre and polymer physics. It 
is our intention to arrange a meeting 
where outstanding scientists, his 
colleagues and friends will deliver 
top-rank lectures and will join together 
in a fruitful and pleasant scientifc 
atmosphere.

The Seminar will be held on February 
3rd, 2006 in the Rector’s Offce in 
Bielsko-Biala (Willa Sixta). A seminar 
program and a list of invited lectures 
will be available.

For more information please contact:

University of Bielsko-Biała
Faculty of Textile Engineering 
and Environmental Protection

ul. Willowa 2, 43-309 Bielsko-Biała
tel. +48 33 8279 114, fax. +48 33 8279 100


