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Abstract: The paper describes the measurements of moduklagifcity of thin samples and related Poissonbremby
one device — Searle’s pendulum. We have focusedttantion mainly to non-traditional samples witnrstandard (i.e.
other than circular) cross-sections.

1 Introduction, what is Poisson number? 2 Theoretical analysis and experimental
The Poisson number belongs to basic physical procedures
constants characterising the elastic propertiesolils. It Searle’s pendulum - in its classic form - isdzhon two
is defined as the ratio of the relative transvefs@rtening flywheels connected by the sample being measured to
and the relative longitudinal prolongation. Thisnche create an oscillating system after deflection. @beice
expressed by means of elastic modules as can be used in two configurations: horizontal aedival
(Fig. 1a) and 1b)).

E
p=—-=1
2G : (1) = =

whereE means the tensile modulus (or Young’s modulus)
andG is the shear modulus.

In our task we have used a device that is ablestmsore
both of these relevant quantities. This deviceoisalled
“Searle’s pendulum”, designed by American physicist
G.F.C. Searle [1]. This device is commonly used to
measure Young's modulus of thin specimens withsidak
circular cross-sections. We have extended thistaiske
measurement of samples with other cross-sectiamme(s
of them with a hollow character), and we used trical
arrangement of the system to measure the shearlusodu
of elasticity G, too. It also presents a convenient way to

Figure 1 a) Horizontal flywheel set.
1 — hanging threads, 2 — cylinder flywheels, 3—snead

. N wire (arrows indicate the direction of the osdiltms, o is an
determine the Poisson number angle of deflection )
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Figure 1 b) Vertictal flywheel set.
1 — cylinder flywheels, 2 — measured wire (arravdicate
the direction of the oscillations)

The principle of operation is essentially taeng in both
configurations: the vibration energy of the samjde
"spilled" into the vibration of the flywheels, awite versa.
The sample performs bending oscillations in thet iase
and torsional ones in the second case. This can
illustrated by following scheme:

horizontal configuration — bending vibrations — E
and
vertical configuration — torsion vibrations — G

Dynamic analysis of pendulum operation results in
relationships for flexibility modules [2]

4n®
B= — . —
T® 2]y (2a)
and
)
T 24 (2b)

HereJis the momentum of inertipresents the length
of sample andle and Ts are the periods of oscillations,

respectivelyJa represents the area moment of inertia (se

below).

But now here we must differentiate the type ol

flywheels, too. In the case of cylindrical flywheehs well
as in our picture, the moment of inertia is giventbe
known relationship

> B
=m|—+—
/ (12 + )

The parameter® andL are the diameter and length of
flywheels, andm means their (single) mass. The next
possible cases would be:

(3a)

Square flywheels

Je= i-m(,-’lz + B*)
12 , (3b)

(A andB are the length and the width of the prism), and
dumbbell flywheels

1
J =-mlL?
4 , (30)

(L means the length of dumbbell).

The quantity of J» represents the area moment of
ibpertia with respect to the bending axiEhis variable is
different for otherwise shaped cross-sections,vamavill
pay more attention to it in the next part of thigche; it will
be summarized in Table 2 in detalil.

3 Experimental part

3.1 The experimental assembly for measurements

We used the apparatus, that photo is — in horizonta
arrangement — illustrated in Figure 2.

It consists from two homogeneous steel rollershin t
role of flywheels, each having a mamss 0.72 kg, a length
L =137 mm and a radii®= 14,6 mm. Size of moment of
inertia of each of them, determined from the refa{3a),
had a value of = 1.15x1G kg.n?.

We had used both - horizontal
configuration of device.

and vertical -

Figure 2 Experimental assembly in horizontal arranmgnt.
Vibrating wire sample crosses the infrared beararobptical
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sensor (prismatic body with the shape of figurethie centre  After its incorporation into relations (2a) and )2te get
of operation) ~expressions for the modules of elasticity
The arrangement of this assembly when measuring the

torsion module is analogous, but it is orientedtlie

vertical direction. e 8l
We have performed measurements of several types of réT3 (5)
samples. First we measured samples with a claa8iic f nd -
circular cross-section, then we measured samplés wh gl
unconventional cross-sectional character. B s il
4T3
T TG (6)

3.2 Samples with classic (circular) cross-sections
We performed test measurements for standard circula e pendulum time3: and Te, that are important in
cross-sectional samples. We used thin wires oewifft hese measurements were scanned electronically.

materials and cross-sections. _ All the samples had the same "active" lengt. the
The moment of inertia of such samples is distance between the points of attachment to flalge
| =0,30 m, and the same radius 1 mm. A review of
Ja= lm.A results of measurements of them is given in Table 1
4 (4)
Table 1 The results of measurements of samplesstaitidlard circular cross-sections, diameter r = finm
I;erioq of Perio_d of Tensile Shear Poisson number
ending torsion
S E oscillationsTe | oscillationsT. aElLEE || eslIVES
(s) j (s) ° (GPa) (GPa) Measure Table valled
: parameter
Stee 0.23¢ 0.374 20z 81 0.28 0.26-0.31
Coppe 0.302 0.49¢ 128 45 0.34 0.34-0.3¢
Alluminium 0.39¢ 0.654 71 265 0.32 0.27-0.3C
Bras: 0.33¢ 0.557 99 365 0.3€ 0.35-0.37
Polyamid 2.32 3.88 21 0.75 0.40 0.39-0.41
(nylon 6,6
PVC 1.97 341 29 1.01 042 0.4(-042
Polystyren 1.73 3.94 37 1.37 0.3 0.34-0.37
Polypropylen 251 431 18 0.6€ 0.37 0.3€-041
Polyethylen 2.6€ 452 16 0.5€ 041 0.42-0.4€

3.3 Samples with unconventional cross-sections

Using this method, we had measured the tensile
modulus of several unconventional metal and plastic
samples, and one wooden specimen, moreover.

An overview of these patterns being possible is
summarized in Table 2.
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Table 2 Overview for different possible cross-seii 2 s "
shapes of wire samples § 774// o jy = —ab?
- Area moment 3 P PIIS 12
Cross-section L o y oy
of inertig o
a
o \
3 1 3 =
= Ja=ma%b o8
i 4 =2 =
S8 =Yg
=5 A~ g6
=8 i
e ]
=
o
2
. s = =28 — 5}
[} JTA — 4 M\ 2 K%
= i
o =
o 29 L _3v3 4
QT Ia= Q
S 3
' o
2 g ®
c = 1 3 X © a
22 A= 154 QT
el In
a
> In the last column there are presented the rekafion
9 the calculation of area momentum of inertia, theds out
2 in expressions for receiving the moduteandG.
° VI I . o ® il An overview of the measured samples, including the
5 , AT g\ 2 relevant geometric parameters and the values being
2 | L . obtained, is given in Table 3.
2 a:

Table 3 Parameters and results of measuremenengples with non-standard cross-sections

Te Te :
Sample (s) (s E (GPa) G (GPa) u Uean
Steel — circle hollow
ry=1,1 mm:r,= 0,75 mm 0.195 0.312 204 79.8 0.28 0.28-0.30
Polypropylene — circel hollow
ry=1,5 mm;r,= 1 mm 112 2.00 1.7 0.61 0.39 0.36-0.41
Polystyrene — ellipse
a=15mmb=1mm 1.58 2.61 2.3 0.84 0.37 0.36-0.40
Polyethylene — ellippse
a=15mmb=1mm 1.89 3.22 1.6 0.55 0.45 0.42-0.46
Polystyrene — square full
a=2mm 1.49 2.43 2.4 0.9 0.33 0.36-0.4D
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Polyamide — square full

a=15mm 2.77 5.28 2.1 0.71 0.41 0.39-0.41

Polypropylene — square hollow

a=2mma=1mm 1.74 3.39 1.8 0.62 0.45 0.36-0.41

Polypropylene — rectangular

a=27mmb=1mm 1.56 2.60 1.7 0.63 0.38 0.36-0.41

PVC - rectangular

a=25mmb=1,2mm 1.25 2.12 2.8 0.97 0.44 0.38-0.43

Polyamide (nylon) — triangle

a=25mm 2.14 3.59 2.1 0.75 0.40 0.38-0.42

Polyamide — hexagonal

a=15mm 2.97 5.54 2.0 0.73 0.37 0.39-0.41

3.4 Simplification of the evaluation process This method can be used successfully in thesyi
We have determined the Poisson number through thtastic and textile industries (investigation odistlcity of

elastic module& andG. thin materials [4]), in botany (elasticity of sta)kand the

However, there exists also an easier way: Aftdike. As so as a demonstration chapter in universit
substituting expressions ferandG from (6) and (7) to (1), textbook (section of “Vibrating Movements” or “Sali
the expression will be considerably simplified eorfi (6) State Physics”), or a task for laboratory exerciSgs
and (7) to (1), the expression will be considerably

simplified to form Acknowl edgment
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