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Abstract. This paper presents a mechanical characterisation for polyurethane materials using Impulse Excitation
Technigue. The experimental test was carried at room temperature out on round discs and rectangular bars samples
having densities 100, 160, 300 kg/m®. Another issue of this paper is to determine if this foams materials shows isotropic
or anisotropic behavior, for this where cut rectangular samples from three different directions. As we expected Young’s
Modulus, Shear Modulus and Poisson’s Ratio for polyurethane foams increase with increasing density. After comparing
values of the elastic properties of the three directions shows that high density polyurethane foams studied have an

isotropic behavior.
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1. Introduction

Rigid polyurethane (PUR) foams are made
of interconnected networks of solid struts and cell
walls incorporating voids with entrapped gas. Due
to the main characteristics of PUR foams (light
weight, high porosity, high crushability, and good
energy absorption capacity), they are widely used
in a wide variety of engineering applications such
as packaging and cushioning and are attracting
increasing  attention from engineers and
researchers [1-12].

The purpose of this paper is to determine
the main elastic properties for polyurethane
materials using Impulse Excitation Technique in
accordance with ASTM E 1876 — 01[13]. This test
method measures the fundamental resonant

frequency of test specimens of suitable geometry
by exciting them mechanically by a singular
elastic strike with an impulse tool. A vibration is
induced by a small mechanical impulse. The
energy is dissipated by the material into a
vibration. This vibration has a frequency spectrum
according to its resonant frequencies which are
depending on: the elastic properties of the
material, the geometry and the density [13-15].
Each frequency will damp according to the energy
absorption of the material. The exact micro
structural origin of damping, or internal friction or
mechanical loss varies from one class of materials
to the other. The vibration is detected by a
transducer. The transducer produces an electrical
signal which is sent to the computer, where the


mailto:tudor_2015@yahoo.com

signal will be analyzed. The method is non-
destructive and is used for  material
characterization [16-20]. The simplified diagram
of the test apparatus is shown in Figure 1.
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Figure 1 Diagram of the test apparatus

2. Experimental program

Round disc samples were made by turning on
a CNC machine, main condition should be that the
value of diameter to thickness ratio must be at
least four, see Figure 2.

In Table 1 are presented the diameter, D,
and thickness, t, of round disc samples for all
three densities.

Table 1 Dimensions for round disc samples

Density D t

[kg/m"°] [mm] [mm]
100 59.26 10.17
160 59.45 10.16
300 59.81 10.1

In Figure 3 are presented rectangular bar
samples used for Flexural and Torsion mode. The
length, L, width, b, and thickness, t, for all three
densities of rectangular bar samples are shown in
Table 2.Experimental test were performed at room
temperature (T = 23°). For each test were
recorded at least five measurements. Another
important  feature for resonant frequency
determination is weight, the samples was
weighted on Sartorius GD 503 Class Balance.
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Figure 3 Rectangular bar samples

To determine if this materials with densities
of 100, 160, 300 kg/m3 shows isotropic or
anisotropic  behavior, were cut rectangular
samples from three different directions. Figure 4
shows the sampling mode for the three different
directions. Samples were made by milling on
CNC machine. In Table 3 are presented the
length, L, width, b, and thickness, t, for all three
densities of rectangular bar samples.
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Figure 4 Sampling modes from a polyurethane plate

Table 2 Dimensions for rectangular bar samples

ﬁ(f;r/lrsrllg)]/ Direction [mLm] [mbm] [mtm]
1 84.83 35.21 9.7

100 2 84.86 35.25 9.97

3 85.01 35.22 10.02

1 84.9 35.16 10.04

160 2 84.12 35.02 10.01

3 83.87 34.85 10.05

1 81.35 34.1 10.1

300 2 84.52 34.99 10.02

3 84.91 34.91 10.11

To achieve the experiment we used the
Resonant Frequency and Damping Analyzer
(RFDA) which is a non-destructive testing device



to determinate the resonant frequency of
materials. This measuring technigue consists four
steps: (i) first step is the positioning the specimen
on supports — the support frame is made from
aluminum and nylon straps; (ii) second step is the
impulse — the test specimen starts vibrating due to
a small mechanical impulse and to excite the test
specimen we used a steel ball 6 mm in diameter
glued to the end of a flexible 100 mm long
polymer rod; (iii) third step is the detection of the
vibration — we used a non-contact transducer
(microphone) and (iv) fourth step is to analyze the
signal — after the mechanical vibration are
detected by the transducer are sent to the
computer all data are available for making
measuring reports and further interpretations on
standard PC software [16]. The testing device is
shown in Figure 5.

EEEEEEE

RECTANGULAR BAR
SAMPLE

IMPULSER SUPPORT SYSTEM

Figure 5 RFDA testing device

For Young’s Modulus, Shear Modulus and
Poisson’s Ratio determination using round disc
samples is due registering first and second natural
vibration. For the first natural vibration mode, the
node are located along two orthogonal diameters,
offset 45° from the point where the vibration was
induced. The anti-nodes are located along two
orthogonal, 90° offset, diameters in the disc, with
one diameter intersecting the point where the
vibration was induced. For second natural
vibration mode of a disc, the nodes are located in
a circle concentric with the center of the disc with
fractional radius of 0.681 of the disc radius. The
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anti-nodes are located at the center and around the
circumference of the disc specimen.

For round disc, Poisson’s Ratio can be
determined directly from the experimental values
of the first natural resonant frequency (f1) and the
second natural resonant frequency (f2), the value
for Poisson’s Ratio is interpolated using the ratio
of the second natural resonant frequency to the
first natural resonant frequency (f2/f1) is
correlated with the ratio of the specimen thickness
to the specimen radius. For Young’s Modulus of
round disc samples, are calculated two E (E1 and
E2) values from the two resonant frequency
measurements and a final value of Young’s
Modulus is determined by averaging the two
calculated E1 and E2. Figure 6 shows the position
for round disc samples, transducer position and
strike points for determination the first natural
resonant frequency (fl) and the second natural
resonant frequency (f2) for the two tips of
materials, with low and high density, [21].
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Where:
E = Young’s Modulus (MPa)
E, = first natural calculation of Young’s modulus
E, = second natural calculation of Young’s
modulus
f, = first natural resonant frequency of the disc
(Hz)
f,=2" natural resonant frequency of the disc (Hz)
D = diameter of the disc (mm)
m = mass of the disc (mm)
u = Poisson’s Ratio
K, = first natural geometric factor
K, = second natural geometric factor
t = thickness of the disc (mm)
r = radius of the disc (mm)

The Shear Modulus is determined from
the calculated Young’s Modulus value and the
Poisson’s Ratio.

E
G2tm (4)

Where:

G = Shear Modulus (MPa)

E = Young’s Modulus (MPa)
p = Poisson’s Ratio.



For Young’s Modulus and Shear Modulus
determination of rectangular bar samples we used
Flexural and Torsion mode. Figure 7 shows the
position for rectangular bar samples, transducer
position and strike points.

)
Figure 6 Round disc sample position for determination
the first natural resonant frequency (a) and the second
natural resonant frequency (b)

(a)

(b)
Figure 7 Rectangular bar position for Flexural mode (2)
and Torsion mode (b)

3. Results and Discussions

As we have presented in this article, for
determination of main elastic properties of
polyurethane foams we used two types of
samples, round discs and rectangular bars. A
comparison between results obtained using round
discs and rectangular bars samples is presented in
Figure 8. Figure 8 (a) shows results for Young’s
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Modulus for all three densities wused in
experiment, Young’s Modulus being determined
on round disc and rectangular bar samples. Figure
8 (b) shows results for Shear Modulus for all three
densities used in experiment, Shear Modulus
being determined on round disc and rectangular
bar samples. Results for Young’s Modulus and
Shear Modulus using rectangular bars samples are
determined in Flexural and Torsion mode. Figure
8 (c) shows Poisson’s Ratio results determined on
round discs samples.
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Figure 8 Elastic properties versus density



In Figure 9 (a) and (b) are presented
results for Young’s Modulus and Shear Modulus
for materials with density 100, 160, 300 kg/m3 for
three different directions. Comparison of the all
elastic properties is based on density. Density has
an important role in characterizing of cellular
materials.
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Figure 9. Elastic properties versus density for three
different directions

4. Conclusions

Determination of elastic properties for
polyurethane foams was carried out on two types
of samples, round discs and rectangular bars. To
establish if this polyurethane foams shows
isotropic or anisotropic behavior we cut samples
from three different directions.

As we expected Young’s Modulus, Shear
Modulus and Poisson’s Ratio for polyurethane
foams increase with increasing density. After
comparing values of the elastic properties, the
three directions shows that high density
polyurethane foams materials studied have an
anisotropic behavior.
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DETERMINAREA PROPRIETATILOR
ELASTICE PENTRU SPUMELE
POLIURETANICE RIGIDE UTILIZAND
METODA EXCITATIEI PRIN IMPULS

Rezumat

Aceasta lucrare prezintd o caracterizare mecanica
pentru materiale poliuretanice utilizdnd Metoda
Excitatiei prin Impuls. Programul experimental a fost
realizat la temperatura camerei pe epruvete de tip disc
si epruvete rectangulare avand densitati 100, 160, 300
kg/m?. Un alt scop al acestei lucrari este de a determina
dacad acesta materiale poliuretanice prezintda un
comportament izotrop sau anizotrop, iar pentru aceasta
au fost prelevate epruvete dreptunghiulare din trei
directii diferite. Asa cum ne-am asteptat modulul de
elasticitate longitudinal, transversal si coeficientul lui
Poisson pentru spume poliuretanice creste odatd cu
cresterea  densitatii. Dupd compararea valorilor
proprietdtilor elastice ale celor trei directii aratd ca
spumele poliuretanice cu densitate mare prezinta un
comportament anizotrop.
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