Journal of Agricultural Machinery
Vol. 6, No. 1, Spring - Summer 2016, p. 114-125

B

IS o et

639 sl iilo 4y yld

iy NF-IYD (o T8 Jof Jlaonsi ) o5locs o sl

Sl 3l 0B 93 1550 il Lyl 5 53 itV d g 5 gl gy Sl s

FOUIHE Lo 55 gomms =" gales 3L =" ) prasans s = solT S g hnr !
WAY/ -4/ -5 icdl s o )b
WAY/N /YA ol g,

LRVCES

95 5 (483> 52 yio oo Y0 9 10) ()35l oo 53 53 (35 9 5.8) Gl Sl o) 99 Atpmasitoo¥] Jpdo 9 £y0lb (plyy s adllas () 3o
288 plosl )by pSe b plys (o)) Slilesl Cugs a3 b s (e les 10 510 D) ol (lise s Sl (0050 5 o)
OB 5 )3 b 5 g 0 dslre (6,0l gl S g 350 (65985 3l e3latal bt dslme 98 30y By 5l 5 5ml (pgulyy S
e 9 Sl o pos AoV Joso 5 5 palb ygslyy Canms sy ilosly 4528 3 Gallao 4035 dpslne ¥l Joso ol JS5
Oosolsy Comad el Cusdy 35 5l 31 S 508 Sy iVl Jgo g £50ll (gmlsy Conms (ke ysbots 391 S sine 70 s )3 (bl
oy 5055 3 sly cai it JSwbiSe VAYR — D/YVY 5 ¥/+ 1Y — O/FFA iVl Joda o +/VEVY — +/FIVA 4 +/YSYY — < [FFAD (¢ ,mlls
5 bl diuiwY] Jado jlade ( plaals ol (il L g oy clbs gly ool Cowddy yolie 5| it Job b diiwY] Jodo og
oy ) it 48> 1y e Lo VO (ISl o 3 Job Cumdy (sl oVl oo 28l GBI 35 g pall (gl s ke
il oo Sl (2258 Cumdy sl S ol g AR 1 yie e YO ()51

Osley Comss cipnio¥] Jodo (55,2 (6355 Gl gl (515 158 (sa031g

Sk S ok a8 ()5 Cuns llae )8 L il
(Mohsenin, 1986) ceuwl (sy55t G (5,135 )L cod (5guiio
e I b o) dlge 45 CueS ol bl plosl Clidss ywlwlys
Khazaei and Mann, ) e3gs (5,135 ,)L e yus 9 a5 5100 cughs,
9w 9 yho om0 JlEe 6955 )i jl 9 (2004; Finney, 1963
2 o)l 58 wr cpl Sl Glade pl Glyss go39e Jos jo
cooled Blao 5 dtaniio¥l Jgdo 150 g Coonl a8 canl Jls
.(Gentle and Halsall, 1982) wsb o yguwley o j i
5 Ogsly Cuamed Garalone (50976 390 53 (6350 (Slo IS
oa> g laaly alox ) e(55)5laS” &Y guarmo glgil dtpm¥] Jgra
oo JB ele @l o (ol dlge gyl g il (sla i L
PUS 2 (dmlone (50520 9 (09 1> Cglls 3)lge (S > & ol
e o)L olyie anl 55051 Lo 3 3,50 slaceS ]
T Sigy (6955 3l o3liial Ly | g o) 4w (ogmlyy Conn
yolisS slandy sl yomwles Cans a8 idly L 5 03 duwlxo
0.5, g 85 (59,5 (Shitanda ef al., 2002) cusl (55,5 dac
liios 5 Sl ()l 5 (0 4 Conad 090 C8b Caoglia (s

6- Boussinesq’s theory

dodfo

Sliels (ol Cunold 93 dtpmin¥! Jogdo g yowley o

Pl olos Jo 50 &S ditin Stw¥1oSiun g Cliols 5 Sitw!
Se¥] Sy g wlos gglaw (5 shumboee ol * les
Mohsenin, 1986; Gentle and Halsall, ) 855 o odlazwl
S e 35 18y 58y ISl ol cul o 31 (1982
S92 i (b )3 9035 @al3 1) (655liS Y guarme
Arnold and Robert, ) 455 o ] oge i &Y guazo oyl
Ao Jodo «ty yai 3. (1969; Kang et al., 1995

Og=lgr Cams g 0390 SV (g 03gam0 1> yi5,S— iS5 ldges

Mo (w9338 oI gy Sl (cwdige 09,5 (65D Gyl )
By gas g Moo (w938 oSN ipumgn SSlSe (pudign 095 )lutils =¥
SirgliS sbagmile (g

e ok 53 — )

By pas g Moo (w8 oS g Sl (gwdige 09,5 luils ¥
SirgliS sbagmile (ing

s g Mo (w938 OIS pawgn SSle cwdine 09,5 bkl —F
$5o9S sagmile (oiagh S 5o

(Email: mkhpour@um.ac.ir

5- Contact problem
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1- Instrumented bending beam
2- Linear Variable Differential Transformer
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Tablel- Physical properties of red and yellow varieties of onion
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Varieties Yellow Red
(%) 5 cagloy 20y 89 90
Moisture content (%)
: Iyl Lo
("“’%9*") e s 59.41  58.04
Equatorial diameter (mm)
e o) (o o 58.85  59.66
Polar diameter (mm)
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Thickness
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Fig.1. Lateral and axial deformation of the samples under loading (Front view, zx)
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Table 2- Analysis of variance for effect of sources of variation on apparent Poisson’s ratio and the modulus of elasticity

Olasyo (be
e Mean squares
Ol gants 2alio . .. . T . T
Sources of 33 S oo 33 S oo 35 8B el o 35 8B yamle Cons
variation Y bl X bl Y bl X bl
Elasticity modulus Elasticity modulus Apparent Poisson's ratio  Apparent Poisson's ratio
along Y along X along Y along X
,A ,"’3) 0.366 ™ 0.256 ™ 0.015™ 0.019"
Varieties (A)
B )ls)k can
Loading directions 0.237 ™ 1.284 ™ 0.018™ 0.223"
(B)
Colsl e 5701 5333 0.026" 0.005 ™
Loading speed (C)
D Lbal o
Deformation value 116.26 121.84™ 0.061" 0.039 "
(D) .
AB 0.029 ™ 0.078 ™ 0.000 ™ 0.032
AC 1.273 ™ 0.865 ™ 0.000 ™ 0.019"
AD 0.010 ™ 0.138 ™ 0.002 ™ 0.003 ™
BC 12.823 7 104417 0.087 0.025"
BD 0.650 ™ 0.675™ 0.011™ 0.004 ™
CD 0.030 ™ 0.041™ 0.001 ™ 0.001 ™
ABC 0.345 ™ 0.162™ 0.021° 0.010™
ABD 0.001 ™ 0.035™ 0.003 ™ 0.002 ™
ACD 0.076 ™ 0.033™ 0.003 ™ 0.000 ™
BCD 0.424 ™ 0.167™ 0.007 ™ 0.004 ™
ABCD 0.072 ™ 0.003 ™ 0.002 ™ 0.002 ™
1229
0.650 0.715 0.005 0.004
Error
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ns- Non-significant; *- Significance at 5% level; **- Significance at 1% level.
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Fig.2. The apparent Poisson's ratio vs. the deformation value (mm) for different varieties of onions along X
The means with the same letter was not significant at 5% level according to Duncan’s multiple ranges test.
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Fig.3. The apparent Poisson's ratio vs. the deformation value (mm) for different varieties of onions along Y
The means with the same letter was not significant at 5% level according to Duncan’s multiple ranges test.
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Fig.4. The elasticity modulus (MPa) vs. the deformation value (mm) for different varieties of onions along X
The means with the same letter was not significant at 5% level according to Duncan’s multiple ranges test.
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Fig.5. The elasticity modulus (MPa) vs. the deformation value (mm) for different varieties of onions along Y
The means with the same letter was not significant at 5% level according to Duncan’s multiple ranges test.
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Introduction: Poisson ratio and modulus of elasticity are two fundamental properties of elastic and
viscoelastic solids that use in solving all contact problems, including the calculation of stress, the contact
surfaces and elastic deformation (Mohsenin, 1986; Gentle and Halsall, 1982).

There are many published literature on Poisson ratio and elasticity modulus of fruit and vegetables. Shitanda
et al. (2002) calculated Poisson ratio of rice by considering Boussinesq’s theory. They showed that the Poisson
ratio is greater for shorter varieties. In another study, researchers used the instrumented bending beam to
measure the lateral expansion of red beans. They were considered Poisson ratio as the ratio of transverse strain to
the longitudinal strain (regardless of the geometry of the sample) and were calculated modulus of elasticity with
Hertz theory for convex bodies (Kiani Deh Kiani ef al., 2009). Cakir ef al. (2002) was determined the Poisson
ratio and elastic modulus of some onion varieties. They used a simple formula to determine the transverse strain
that developed by Sitkei (1986) for prism-shaped rod, regardless of the geometry of the product.

Reviewed scientific literature shows that these parameters have not been studied according to the geometric
shape of onions and was not used by a more accurate method, such as image processing to determine these
parameters. The objective of this study was to evaluate the mechanical properties of two varieties of onions.
Poisson ratio was determined with image processing. Considering shape of the onions and deformation value,
and using Hertz’s theory with Poisson ratio, modulus of elasticity was calculated. The effects of loading
directions (polar or equatorial), deformation value (5, 10 and 15 mm), loading speed (15 or 25 mm min") and
onion varieties (Red and Yellow) on the modulus of elasticity and apparent Poisson’s ratio were examined.

Materials and Methods: The onions harvested in autumn, 20 days before conducting the tests. Onion
samples kept at room temperature (21°C). Onions of each cultivar were randomly selected. Diameters of onion
were measured with a digital vernier caliper. In each run, eight onions were randomly selected and the loading
test and photography were done together and the average values reported.

All mechanical tests were performed using a Universal Testing Machine (UTM) (Model H5KS, Tinius Olsen
Company) between two rigid plates. The loading was made with two constant speeds of 15 and 25 mm min™.
Deformation values were 5, 10 and 15 mm. The onions were loaded either axially or laterally until rupture point
and photography were done together.

The initial and current onion diameters along the y and x axes obtained by using image processing and the
strains were calculated. Having axially and laterally strains of the onions, the apparent Poisson's ratio was
calculated using equation presented by Figura and Teixeira 2007; Kiani Deh Kiani et al., 2009; Pallottino et al.,
2011; Kabas and Ozmerzi 2008; Gladyszewska and Ciupak 2009.

A factorial experiment based on a completely randomized design with 8 replications was applied. The
significant differences of means were compared by using the Duncan’s multiple range test at 5% significant
level. SPSS 20.0 software was used for data analysis.

Results and Discussion: According to the analysis of variance (Table 2), the effects of speed and
displacement of loading was significant in 5% probability levels. In addition, interaction effect varieties X
directions x speed along Y, varieties x directions, varieties x speed and directions x speed along X was
significant in 1, 1, 5 and 5% probability levels, respectively. The average of the apparent Poisson ratio for
Yellow onion was less than that obtained for the Red onion, because Red onions have softer texture than Yellow
onions. Apparent Poisson ratio was obtained as 0.2623 to 0.4485 and 0.2423 to 0.4179 for Yellow and Red
onions, respectively. With increasing deformation, apparent Poisson ratio increased.

1- PhD student, Department of Biosystems Engineering, Ferdowsi University of Mashhad

2 & 3- Associate Professor, Department of Biosystems Engineering, Ferdowsi University of Mashhad and Member of
Research Center for Agricultural Machines

4- Assistant Professor, Department of Biosystems Engineering, Ferdowsi University of Mashhad and Member of
Research Center for Agricultural Machines

(*- Corresponding Author Email: mkhpour@um.ac.ir)



VYO ilpl sl o) 99 (6008 5L s ayl s 3 cmunnins ¥l Jgoko 3 (ygpmol 93 o (ymns

Modulus of elasticity along X and Y

According to the analysis of variance (Table 2), the effects of speed and displacement of loading and
directions x speed was significant in 1% probability levels. The average of the modulus of elasticity for Red
onion was less than that obtained for the Yellow onion because Yellow onion has tougher and more powerful
texture than Red onion. Modulus of elasticity were obtained as 2.032 to 5.449 and 1.829 to 5.311 MPa for
Yellow and Red onions, respectively. The modulus of elasticity for lateral loading was less than that obtained for
the axial loading. With increasing deformation, the modulus of elasticity decreased. The modulus of elasticity for
lateral loading in loading speed 25 mm min™ was less than that obtained for loading speed 15 mm min™.

Conclusions: The results were summarized as below:

Loading speed, deformation value and their interaction effect were significant in different confidence levels
for apparent Poisson's ratio and modulus of elasticity.

The compression force of Yellow onion was more than Red onion. Thus, it can be concluded that Yellow
onions have more strength against the forces and loading.

The modulus of elasticity for lateral loading was less than that obtained for the axial loading. It is better to be
considered for packaging of onions.

The modulus of elasticity for lateral loading in loading speed 25 mm min™' was less than that obtained for
loading speed 15 mm min™.

With increasing deformation, the modulus of elasticity and apparent Poisson’s ratio decreased and increased,
respectively.
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