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Comparison of Some Methods to Determine the Modulus of
Elasticity of Some Onion Varieties
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Abstract:Banko and Yalova-12, varieties of onion were studied for some physical parameters such as size, shape, and
density. An instron test machine was used to perform a compression test on both varieties. Modulus of elasticity was
found from force-defarmation curve(experimental method) and Hertz equation. The effects of the loading direction (polar
or equatoriall, loading speed, onion varisties, and the calculation methods were examined on the modulus of elasticity.
The effects of loading speed and varieties on the modulus of elasticity vere found to be significant. Modulus of elasticity
was decreased with increasing loading speed. No significant differences were found in values of modulus of elasticity
for experimental method and Hertz equation and the loading direction (polar or equatorial load).
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Introduction

Cnion is wvery useful for human health and includes some
natural disease inhibitors and vitamins. Mechanical injury
caused quality loss in onion, like other agricultural products.
In many cases, physical damage will lead to attack by
microorganisms and pyhsioclogical changes which may increase
deterioration of these products.

Maw et al. {1996) were determined some physical and
mechanical properties of some onion wvarieties such a
diameters, specific gravity, shape factor, volume, surface area
an d crushing load, ratio of equatorial diameter expansion to
polar diameter contraction etc. Some physical parameters
such as size, shape and rolling resistance were determined for
two different onion varieties by Sa{séz and Alayunt (1999).

Kara and Turgut {1988) studied on some different potatoes
varieties to determine their mechanical properties. Six potato
varieties were loaded in four different compression tests.
Cylindrical plunger with 8 m m diameter was used to compress
the intact potatoes and cylindrical potatoes with 32 mm
diameter and 12.56 mm height. In addition, cylindrical potatoes
with 15 mm diameter and 30 mm height vwere compressed
polar and equatorial between two plates. The modulus of
elasticity of different potato varieties were compared in four
compression tests. Kara and Turgut {1988) was found that
equatorial compression test has appeared to be the most
sensitive for monitoring potato firmness.

The difference between the Hertz theory and conventional
method for calculating the modulus of elasticity of whole fruit
of an apple was so small which were 18.48x10° Pa or 268 psi
and 17x10°Pa or 246.5 psi for Hertz theory and conventional
method respectively. Statistical analysis using a t-test showed
that the difference between the two methods were not
significant at &, q,.level ([Mohsenin, 19886).

The objective of this experiment was to compare the
experimental method{force-deformation curve) with the
method of Hertz for determining the modulus of elasticity o f
some onion varieties and finally, the effects of load direction
{polar or equatorial), loading speed and different onion
varieties on the modulus of elasticity vwere examined.

Materials and Methods

This study was carried out on two different onion varieties,
Banko and Yalova-12 from Bursa region, Turkey. Onion
samples stored for two months, were weighed and dimensions

Table 1: Physical properties of Banko and Yalova-12 varieties
of onhion after two months storage period

Varieties Banko Yalova-12
Density{ g/cm®) 0.87 0.90
Meoisture content {%]) 92.00 86.00
Equatorial diameter{mm] 80.50 49.30
Polar diameter (mm} 69.60 45.40
Shape Factor 1.17 1.12

were measured. After storage, onion samples were taken to
room temperature (20° C approximatelyl], to study on modulus
of elasticity of each variety. Some physical properties of
onion varieties vwere given in Table 1.

The laboratory tests were carried out by using Instron test
machine. The whole onion sample was set on a flat plate
[Fig.1). Compression force was applied at a loading speed of
50 mm/min and 100 mm/min .Onions were loaded either
equatorial or polar until cracking. On force-deformation
graphics, force required to cause permanent deformation was
indicated as a peak force. The experimental method were
calculated as described by Cakir et al. (2000]).

The increase in cross-sectional area due to polar expansion
under equatorial compression was calculated by using
regression equation. This regression was developed by using
equatorial and polar diameter and load.

Cross-section area of Banko vaieties was determined by using
equation 1.

A= -939 + 13.3 x equatorial diameter + 14.4 x Force (load)
(MM 1

Cross-section area of Yalova-12 varieties was determined by
using equation 2

A= -905 + b.78 x polar diameter + 12.8 x equatorial

diameter + 11.3 x Force (load) (mm?)............... 2
e=al/L .. 3
e = Strain

L, =0Original length of onion (mm]
L = Length of onion after deflection (mm}
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Table 2: The effect of the leading direction (polar or equatoriall, loading speed, different onion warieties and methods on the
modulus of elasticity of onion

Banko Yalowa—12 Average
Meodules of
Replication Speed Hertz (Mpa) Experimental (Mpal  Hertz (Mpa) Experimental (Mpa) Elasticity
Equatorial  Polar Equatorial Pclar Eguatorial  Polar  Eguatorial Paolar
1 1.971 2118 2.2756 1.660 1.841 2.432 1.842 1.849
2 = 2.473 2118 2.250 1.662 1.8B23 2.386 1.886 1.980
3 --E. 1.971 2118 2.2756 1.434 1.352 1.888 1.108 1.622
4 E 2.888 1.881 2.454 1.148 2.6B9 1.16% 1.983 1.317 5;
5 = 3.188 2118 2.578 1.1868 1.438 2.847 1.134 2.369 1
5} a 2.983 2125  2.218 1.843 1.786 3.248 1.172 2.840 -
7 3.347 2,880 Z.3051 2.023 1322 0.783 1.2BD 1.403
1 1.380 1.437 1.607 1.181 0O.3B6 0.8B3 1.728 0.778
2 E 0.745 1.461 1.287 1.638 1.200 0.477 1.4584 0.849
3 --E. 0.830 1.607 1.248 1.301 0.581 1.183 0.9156 0.808 ﬁ
4 E 1.045 1.208 1.399 1.078 0.456 0.8645 0.8B3 0.628 Q2
5 . 1.170 1.719 1.651 1.628 0936 0.887 1.178 1.389 -
& g 1.183 1.549 1.382 0.745 0.841 0.7588 1.1B8 0.475
7 0.84a 0.982 0.9852 1.142 0713 0.B87 1.182 0.879
Average Modulus 1.710 1.336
of Elasticity

Table 3: The effects of leading speed, loading direction, calculation methods and onion warieties on the value of modulus of

elasticity
Factor Degrees of Freedom Sum of sguares Mean sguare Fwvalue Prob
“arieties (A 1 3.543 3.543 25.2030% %# 0.0000
Speed (B 1 24 141 24 141 154 31B0%%* 0.0000
AxB 1 0.019 0.019 0.1223 -
Methods [ C) 1 0.z210 0,218 1.3782 0.2433
AxC 1 0.408 0.408 2.8081 0.1058
BxC 1 1.870 1.870 11.89634 0.0008
AxBxC 1 0.001 0.001 0.0051 -
Loading direction (D) 1 0.313 0313 1.8888 0.1607
AxD 1 0.994 0.954 g.3548 0.0134
BxD 1 0.094 0.054 0.5981 -
AxBxD 1 3.817 3.817 23.11BO% ** 0.0000
CxD 1 0.647 0.647 4.1362 0.0448
AxCxD 1 0.068 0.068 0.3688 -
BxCxD 1 0.285 0.285 1.8862 0.1880
AxBxCTxD 1 0.034 0.034 0.2167 -
Error 24 15.018 0,168 0,166
Tetal 111 51.838
al= [L-Lg)

Strain-Stress graphics were given( Fig. 2 ).

Under uniegquatorial loading the slope of the stress-strain
ourve, is representing the elastic modulus E. (Finney, 18630
According to Hertz method, modulus of elasticity was
determined by using eguation HMcohsenin, 12846 ).

1/2

£ (G5317 (1-4) ‘1_+1) ..................... 4
H F

32 1T
b

E = Modulus of Elasticityl MPa)

F = MNermal Load (Forocel(M)

D = Combined Deformation at the Point of Contact.mm
i = Poisson's Ratio Fig. 1:  Compression between parallel plates by using
R1.R't = Radi of Curvature for Samplelmm) instron test machine
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Fig. 2: Stress- Strain curve

Peisson ratio of Yalova-12 and Banko were found as 0.35 and
0.44 (Cakir er al, 2000).

The effects of the lead direction [pelar or equateriall, leading
speed, different cnion varieties, and the methods on the
modulus  of elasticity were compared by using statistical
analhysis (Table 2]

Results and Discussion

According to results of analysis of variation and F tests, the
effects of loading speed and wvarieties were found to be
significant on the modulus of elasticity (Table 31.

Banko has higher modulus of elasticity than Yalova-12.
Awerage modulus of elasticity of Banko and Yalowva-12 were
determined as 1.710 Mpa and 1.335 Mpa respectively. Banko
weas found more stiff than Yalowa-1Z2.

The loading direction (polar or equaterial load) and methods
[Hertz and experimental ) were found non significant (Table 30
Modulus of elasticity vwas decreased by increasing of leading

speed. Itwwas found 1.887 Mpa for B0 mm/min leading speed
and also 1.088 Mpa for 100 mmdmin loading speed (Table 30
Loading direction, caloulation methods and their interactions
wwere not significant except for [variation x speed x loading
direction] interaction. According to probabilities, there were
some little differences between methods and loading
directions. But their differences weere not found important at
8,5 lEWEL

The determination methods of modulus of elasticity may be
alternative to each other.
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