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Fig.1. The roller sizer and its details: (1) Feed hopper, (2) Reciving tray, (3) Bearing of power transmission system, (4)
Pully, (5) Sizing rollers, (6) Slope screw, (7) Bearing of sizing system, (8) Intermediate fram, (9) Main fram
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Fig.2. Intermediate fram and slope regulating mechanism of sizing unit
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Fig.3. Power transmition unit

Sl Fom 5 ded Sl 3 e sl el (F) datly 5l
9 5 Ao wlod gl cdand g5 da Joy B Jold sy

3 ol y5 s poliies 15195 (ol @i o]
Slojlaslany ol )gigeg pSIl g ad oolinul (oSl Hgige Sy
slacuwo s OJ”] P Sy glp piY Hluis wilen o wil
|y Ui Jog g synd JLin] ol dacSile ol olSzd ciliseo
a5 S gloslely gbesS sl )3 psbaie el sl slod e
O3S Blod U L 1103,5 dpnlee y08 a0l e )3 39290
OmemedS 005 (e bilyd 3 1) 9350 )5 &S Gliabl s
b dbre (V) ataly 4 4 L L 3)90 y99ge ol elod
(Shadravan, 2006)
P="x107 )

:J P as

(kW) )50 olgs P

5 (1pm) 590 53 )50 (252 (Shygs Ces o

Al o (Nm) olws (g5llely (gl 5L 5590 yoluss =T

LacSls s> (sl o) )sbiniS jl s yo ol poluis
Llgy SaSay oS cul )8 sl glial oled jaliiS ogMeay
P s S5l oay casl 1S4 p5Y ] e sy (¥) (V)
bgye polie yoluaS jl dacond plo oy b duslie )3 baplily j2e

VST S Y
Teotar = L Ty = Xioq i X (v)
Il-=%><ml-xri2 (¥)

il cnl o oS

(Nrn) r"‘ i 944_0 )9l;;:5—Ti

ol o sgme Joo pl 1 gmde (o (il gloso -l
(kgm’)

(rad S?) pl1 gae (clagl; ol 0

(kg) asgocmo pl1 gac p > —m,

0 L oY) adadly 3 sldel 5l Sy il slaclis

Gy S d () gl LSS oS £9590 (nl (585


http://www.sid.ir

YN plol ske ol 15519 (Slé wuo3lal oliws byl g et lw o >4k

BV Lo b sinshn Tl (st 99 55150 (o 4hold) € o
Slaciond claojlul g sl 5l S0 ¥ JSKS el candts yia b
ol 1y ead aslw pbl 2o Sile uiojlul olKuws calizes

.AA.)L_;Q

oliwd 2yl (&

So ol ad b Sl anojlil sSiws bl skaied
g 0Lt Wl )b o B 3 05516 du o5 sl
Fio Jalse 155 025 5 e ool e irlefl a sl S5
oK 2y Sas )0 S50 Jolge b oolaiwl olKiwd 3 Slos (59,
5 Ol cgionjlisl woly lacSile |l yanel cud 1l Wog &yle
LSl g ce g ol 4355 0450

Lajio doyd ¥ 5l a8 (clacas p a8 ol lis adgl olivle]
SIS byl 50355 TS (59) (S Copur b S oy 018
= a2 WY YL clacad (o ib o o Hl 55 olSuwd
5 g 4o g 08 (gaiuo 3l Cwyd dbj sy cledy ajre
VO ow dw )0 S b 03gaome 1 L0000 Oby oK
J.).))f ul?u;‘ a0 WY 9

18,8 )48 dngi 0y50 Jule 90 olSuwd 435 lise cpus sy
Ol e j3 ool wl Jls o slaolKiws (4)lS cudyls —)
oKy dwwlie il syl jslatedy )l 5 Jloee s
Ol owd Jood dgd =Y g 3390 (slolSiwd g ot as b
45 pboly s ilisto pB)l (2O LS (je cp iy 4 25 b ol
2 2520 Sl )5 Cudjls il oo pou S 350 3 i
(sl A ()8 uind 4 33) 59y 53 s p)SokS VT 3585 1L

.m "’0'.- 5

L=[4CC-(D-d)?/2+;(Dxap+dxag) (f)

ey ol 3 oS

(mm) aews Job -L

(mm) S5 Jor b -D

(mm) Se8 Js kb —d

(mm) oy 3150 o akols =C

(rad) Js: 5 dos ilos el -y

(rad) kj).?bc LﬁJ}’ 2 LA?" 9 dound u.o‘.m 49.9‘)'—0@

(rad) S pie Jg 3 I3z 9 4o loS sl o

L5 Bl olKiiws (bl (sl b 90 clsF 4 g b
9 VYV 2l ciia 0) daily 3k oS g Sos8 s s e
33 3290 3,lkiwl cla Jgr 4 dngi b g del Canday jzo Lo YV
VO jhad 4 )18 By Jg 9100 a8 4 eige (o il v
23,5 Ol yie dee

_ G

p=() )

(M) (S255 L S)3) Jor 8 -D

(1pm) (255 b S)3) s hg> e

(hp) )sise olgs —P

el Caod VMM plp dens Job p3Y Slaslxe plodl L
92 35 (e ol (sl oo dond (o) Jobo (8 pasule L
o hliwl glaJob an ang L aS €8S jlai ) gysb |y I
5L 3 o slym sdal a8 Job 0d9d5e )3 (cldows
o dlpe g ploisden WYY (co)® Job @ 425 L1 031 39290
Job LA g5 JSBV dewd ol (0 5S0d35 codd by Jgdo
Jobo & a0 Ol (oo VPFA lys) guial OY 3l

Pl sae Sale e 3luil ol ciliste (slaciond (slaojluil o sl —€ JSWS

Fig.4. Dimensions of various parts of roller sizer for almond kernel
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Table 1- ANOVA of main factors and their interaction effects on evaluation indexes of roller sizer
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Rotation speed of roller
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Fig.5. Results of mean comparison of rollers slope effects on indexes of machine evaluation
Means with the same symbol are not significantly different at 1% level according to Duncan’s multiple range test.
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Fig.6. Results of mean comparison of feeding rate effects on indexes of machine evaluation
Means with the same symbol are not significantly different at 1% level according to Duncan’s multiple range test
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Fig.7. Results of mean comparison of rotation speed effects on indexes of machine evaluation
Means with the same symbol are not significantly different at 1% level according to Duncan’s multiple range test
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Fig.8. Interaction effects of feeding rate and rollers slope on operation capacity of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.9. Interaction effects of feeding rate and rotation speed of rollers on operation capacity of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.10. Interaction effects of rollers slope and rotation speed on weighted sorting error index of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.10. Interaction effects of rollers slope and rotation speed on weighted sorting efficiency index of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.10. Interaction effects of rollers slope and rotation speed on operation capacity of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.13. Triple interaction effects of feeding rate, rollers slope, and rotation speed on operation capacity of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Introduction: Iran is one of the major producers of almonds. According to the statistics released by FAO (2011), Iran
with more than 110000 tons of almonds is the third in rank throughout the world. However, most Iranian almonds are
presented as an unsorted and unpackaged product. Some producers sort their products by hand which is very time-
consuming and labor-intensive. So, there is an essential need for suitable grading and packaging machines especially for
the export of almond kernels.Grading, which is sometimes called sorting, is basically separating the material in different
homogenous groups according to its specific characteristics like size, shape, color and on the basis of quality. Weighing
is one of the best methods for grading agricultural products based on size, but due to its high cost and complexity of
operations, usage of weigh size sorting machines is practically limited. So, sizing of most agricultural products is
accomplished based on their dimensional attributes such as diameter, length, thickness or a combination of them. Field
study shows that recently vibrating sizing machines are used for grading almond kernels. This type of sizing machine is
huge, expensive, noisy and it consumes a lot of energy. Thus, the main objective of the present study was the design,
development and evaluation of a new prototype of an almond kernel sizing machine.

Materials and methods: It is important that the machine could resolve defects of existing vibrating machines. It should
provide efficient and cost effective sizing for a wide range of kernel sizes and shapes. Furthermore, it should be of
simple construction and be able to accept manual feeding. Previously conducted experiments showed that the thickness
of the kernel is the most appropriate dimension for its sizing. Among the different types of dimensional sizing
machines, the divergent roller grader which grades the products based on their thickness is considered to be one of the
simplest options. So, a divergent roller grader was developed and built in this research. The prototype consisted of two
diverging rotating rollers which were made of mild steel with an outside diameter of 95 mm and a length of 700 mm.
They were mounted to provide an adjustable slope towards the wide opening end. These roller beds were fixed on a box
shaped frame of size 500x1000x1200 mm. The slope and counter-rotating action of the rollers encouraged the kernels
to continue moving toward the end where the gap between the rollers was the widest. A tray was fixed at the feeding
end of the machine for feeding the kernels. A provision was given to adjust the gap from a minimum to a maximum
level. Based on the required activate torques of the rollers, an electric 74 W motor was selected to drive the machine.
The power transmission mechanism consists of two pulleys 150 and 250 mm diameters and a V belt type A with a
length of 1448 mm. The center distance of the pulleys is calculated to be 410 mm. Standard criterions of weighted
sorting error index (Cg), weighted sorting efficiencies index (Ew) and operation capacity (Q) were used to evaluate the
machine. Practical analysis showed that the machine’s performance is influenced mainly by the slope of the rollers, the
rotation speed of the rollers, and the feeding rate of the product. In order to evaluate the performance of the prototype, a
factorial experiment in a completely randomized design with three replications for each test was done. The performance
evaluation was carried out for three levels of feeding rates (600, 1000, and 1400 kg 8h’!, three levels of slopes (2, 7, and
12 degree), and three rotation speeds of rollers (50, 80, and 110 rpm). Spreadsheet software MSTATC and SPSS were
used to analyze the data and the Duncan's multiple range tests were used to compare the means.

Results and discussion: Analysis of variance showed that all three studied factors have significant effects on
evaluating standard criterions of Cg, EW, and Q at the 1% level of confidence. In this work, an increase in the slope of
rollers led to a decrease in Cg, whereas at the same time an increase in Ey and Q was observed. It may be because at a
higher level of slope the almond kernels slip more effectively on rollers surface. This condition restrains the aggregation
of kernels on the first part of the gap between the rollers. So, they have enough time to drop through all of the gap.
Experimental results show that as the feeding rate increases, Cg and Q increase, whereas Ey decreases. Based on the
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results of the experiments, with an increase of rotation speed of rollers from 50 to 110 rpm, the Cg decreases up to
%6.5, and Ew decreases about %6. Study of interactions showed effects among which only the interaction of slope and
rotation speed of rollers significantly affects all standard criterions. The results also showed that the operation capacity
(Q) was significantly affected (P<0.01) by the interaction effects between the feeding rate and the slope of rollers, and
the feeding rate and the rotation speed of the rollers. The mechanical damage to almond kernels in the form of external
damage such as cracks and scuffing was almost zero, which is a very important advantage of this machine in
comparison with the other sizing machines.

Conclusions: In this research, a divergent roller sizer was designed, developed and evaluated for almond kernels.The
results showed that the best machine operation is obtainedat a feeding rate of 1000 kg 8h™, slope of 9 degrees and
rotation speed of 110 rpm. In this situation, the prototype could reach weighted sorting efficiencies index of 80% and
operation capacity of 830 kg in an 8 hour work shift with weighed sorting error index of 23%.
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