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ABSTRACT

The milling performances of four rice milling machinery systems of different
whitener units have been tested and compared. These systems inciude the One-Pass
miling system {M1); Two-Pass milling system {M2); Three-Pass miliing system (M3),

and the locelly (Engelberg) miling system (M4).
The milling lests have been deduced against, three different rice varieties

and at three grain moisture content levels. The milling processes of lhese systems
have been evaluated in ferms of the milled grain quality, the mill energy consumption,

and the milling machinery costs.
The gained results indicated that the three-pass system (M3) produced the

highest extra grade rice, and the lowest broken ralio (2 %). in addition, the minimum
machinery cost (11.8 LEfton), and the lowest specific energy consumption (28.06
KwWhiton) are accomplished the two-pass system (M2). Finally, the Engelbarg system
(M4} exhibits the highest specific energy consumption (74.708 kWWh/ton), the highest
broken grain ratio (26.72 %), and the lowest rice qualily grade {No5).

INTRODUCTION

Milling is the process of removing, and separating the silver skin and
the bran layer, which are in close contact with the brown rice grain. Sabbah
{1979) reported that the main abjective of rice milling is lo obtain the
maximum possible yield of whole kemnels of white rice, or head rice. He
indicated that, the percentage of head rice is a major criterion in grading and
pricing milled rice. Since, in many countries less head rice means lower
cooking quality. He concluded that the losses during miling process in Egypt
might reach a level of 10 % of the total rice production. EI-Sahrigi et al (1994)
reported that, the losses of rice durng miling equivalent to 36 million
Egyptian pounds.

Three decades years ago, Koga (1972) indicated that, there was
strong argument that obstructed the rice mill modernization in Africa. Thal is
farmers said that "Even though the milling recovery percent of the traditional
mills is low, they produce 2 mixture of bran, small broken grains, and a
powdered of husk. That mixture is essential to feed cattle and/or poultry.”

Later, that argument had been judged as in the following literatures.
Firstly, Geripoldi (1974), reported that, if the bran is weli separated from husk,
it can be used for ¢il, and wax extraction. He indicated that rice bran contains,
aboul 14-17 % oil, of which 3 o 9 per cent crude wax. Secondary, FAQ,
(1984), reported that husk is a coarse meal of low food value and may be
harmful substance for both animals and poultry. Finally, Taqure and Duff
(1988), revealed that the additional quantity, and the improved quality, due to
the rice mill modernization in developing countries, gives more enough
money to farmers for buying cattle, and poultry feed.
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The traditional milling machinery systems in Egypt are one pass and
the Engelbarg millers. Thosa are characterized by using fraction mill concapt.
Ismail and Ramadan {1990) showed thal rice mills in Egypt couid ba divided
into three main systems. The first is the shearing mills, which have a rubber
roller husker and whitening with a horizontal abrasive and a friction whitener.
The second system is the friction mills which abrasive whitenar (whitening
cone). The third system Is the local, small and simple machine used for
hulling and whitening rice in villages.

As a result of Egyptian agricultural engineering policy, the multiple-
pass rice miling technology has been introduced in Egyptian mills through
vital activities of the private sectors. El-Wadey (1989} indicated that the
distributing numbers of the two, and three-pass milling machinery systems
allover Egypt is only about 25 mills of the two-pass system, and about 15
miils of the three-pass system.

In fact miller efficiency and milling quality vary a great deal depending
upon four main variables, namely: the milling equipment techniques; the
inherent quality of the rough rice when harvested; the pre-milling procedures;
and variety of rice. Many scientific studies were carried out on the effect of
these varables on milling characteristics of different miling machinery
designs. These studies may lead to the right decision to select the proper
operating parameter levels for testing the compared milling machinery system
of the present study.

Ibrahim ({1978) studied the effect of some mechanical factors on rice
cracking during milling in Englberg milling equipment. He found that the best
clearance and speed of that milling machine were 1.5 mm and 1200 r.p.m.
respectively. Also, he mentioned that increasing the speed of the machine
increased the broken rice grains and decreased the un-hulled paddy. Hamad
et al (1981) tested the above mentioned machine, and found that the highest
milling efficiency and quality are obtained using the paddy with moisture
content 13% (d.b.). Matthews et al (71982} reported that rice separated by
thickness yields of a thin fraction is subject to large endosperm losses in the
bran and high breakage, They showed that in raw milling of the thin fraction
rice, a minimum average of 5.1% of the milled rice was lost as endospernm
chips in the bran. Also an average of 54.2% was broken rice, and an average
of 25.4% of the whole-grain rice was chatky.

JICA (1983}, classified the milling machinery systems according to the
whitening mechanism type into grinding and friction types. JIGA (1983},
showed that the friction type miller is suitable for short grain rice varieties,
while the grinding type mechanism is industrialized for both short and long
grain rice vareties. Velupillai and Pandey (1987) showed that the
approximately 65 to 73 % of the bran is removed in the first 20 seconds of
miliing time for any tested variety. The rate of bran removal was as much es 4
fimes higher in the first 20 seconds as that in the next 20seconds of milling
time. They attributed that to the rapid fracture of the weak kemeis and
subsequent releasa of endosperm particles into the bran, Bekki and Kunze
(1988) reported that the friction type miller produced many broken grains
when compared to the abrasive type miller. They showed that the abrasive
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type miller treats the grains more gently during the milling process of the
brown rice.

Yamashita et al. (1989) reported that when high moisture paddy is
husked, some of the husked brown rice grains get their external skin
damaged, and some of their embryos removed. These effects can accelerate
the drying rate of brown rice and can result in the cracking of grains. Andrews
ot al (1992) reported that moisture contentis the most significant variable
affecting head rice yield. As moisture content decreased, bran removal
became more difficult and head rice yield increased. He concluded that the
interaction effects of moisture content with milling time, weight placement,
and rough rice weight are greatly influenced the degree of milling.

tbrahim (1992) studied the effect of physicochemical and mechanical
properties on milling quality of eight rice varieties. He concluded that all
varieties should not be mixed during milling. Since the airiness in the length
/width and starch / calcium ratios were great. E/-Sahrigi et al (1994) found
that for the whitening machine, the broken kernels, degree of whitening and
the force required for whitening process is increased with increasing
whitening machine speed. Hefmy (1995) found that, increasing milling time
tends to increase the percentage of broken, degree of whitening and
decrease head yield and grain strength of miiled rice. His best results were
obtained at 50 and 40 minutes milling time for short and long grain rice
variely respectively. Shoughy (71995) found that, the clearance between
rollers, the speed of roliers and the moisture content of rough rice had highly
significant effect on broken rice, un-hulled grains, hulling efficiency, broken
milled kernels and degree of whitening during milling processes.

Abdelmotaleb (1998) concluded that the percentage of milled rice is
affected by delay harvesling, and also related to method of drying. Also he
showed that this percentage is not related to method of harvesting (by hand
or by rice combine).

The aim of the present study is to evaluate the suitability of different
milling equipment techniques to the Egyptian rice mills. We mainly focused
on quantifying the milled grain quality, the specific energy consumption, and
the machinery costs of four different milling machinery systems to determine
the best system, and working conditions for the Egyptian rice mill,

MATERIALS AND METHODS

The main objective of this work was chosen to quantify and compare
the milling performance of four miling machinery systems. The essential
differences between these systems represent in the processing equipment of
the whitening operation. They have been tested against three rice varieties
(Reho, Giza171, and Giza178), and three grain mojsture content levels (13,
13.5and 14%). The compared systems are the One-pass miller two-pass
miller, three-pass miller, and the Engelberg miller. They will be refereed in the
present study as: - (M1), (M2}, (M3), and (M4) respectively.

1. Processing units of the tested systems:

The typical grain flow charts and the processing units of the four tested

systems are shown in Figure (1). it can be observed that these milling
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systems have different numbers of the operating equipment unils. The
Engelberg (M4) and the one-pass (M1) systems have similar processing units
namely one cleaning unit, three elevator units, and one unit for husking and
whitening. The two-pass system (M2) has one cleaning unit, 5 elevator units,
one husking unit, one abrasive whitening unit, and one friction-whitening unit.
While the three-pass (M3) has one cleaning unit, 6 elevator units, one
husking unit, twa abrasive whitening units and cne friction- whitening unit.

It should be denoted (hat, the cleaning, hulling and palishing
processes are commonly, established in all tested mills. While, the abrasive
whitening process is included only in M2 and M3 milling systems.

Figure {1): The seed flow charts of the four tested milling systems
1-Paddy. 2-Elevator. 3- Cleaner. 4-husker. 5- Abrasive whitener.
8-Abrasive whitener. 7-Friction whitener, 8-Control tank. 9- Scale
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2.Equipment techniques of the compared system: -

Paddy as received at the mill contains aboul 5 percent or more of
extraneous materials, such as small lumps of soil, stalk, and dust. These
materials have to be separated in the cleaning equipment. In addition the
bugket elevator is commonly employed for vertical conveying of rice grains.
Both cleaning and elevating operations have similar equipment techriques in
all compared milis. These units are often locally made in Egypt. But the
essential difference of the equipment techniques of the compared syslems
presents in the processing equipment of the whitening operation.

However, the main technician specifications of the milling equipment
in the four comparad milling systems are listed in table (1).

Table {1): The main technician specifications of the processing
equipment of the four compared milling systems.

Mill Pracessing N:ﬁg Roll dimensions :;lqa;a
System equigment P L*A*H{mm)
(kg {rpm)
One- | One equipment 1
pass | for husking and 147 10.16722.2 950
(M1) whitening
o Husker Hcaoom[ 7.35 | 85070071600 J 1000 |
w -
pass Abrasive RBA15AL 13.23 ) 1100*530*1570 | 1000
(M2) |

Friction | 13.23 1100“530'15?0] 850

Husker ‘HCGOOM/ 130017.35 850°700°1600
Three- | Abrasive iRBAT&AL’ 1500 } 13.23 | 11005301570

pass
(M3] | Abrasve | RBA1SAL | 1500 | 13.23 | 19005301570

Friction i RA-126 | 1400 | 13.23 | 14006651320
Crnie equipment
husking and .
whitening Local 290 19.85 10*22

it should be denoted that both ong-pass system (M1) and Engélbarg
(M4) are carrying out husking and whitening operations into two separately
sections of an individual equipment. An electrical motor of 14.7 kW operates
ihat equipment The essential differences between M1, and M4, is presented
in the operating principle of husking and in charging of the milled rice. Since
the husking section of system (M1} is composed of two horizontal tangential
rubber rolls, revolving in opposite directions at two different speeds. While in
M4 system it is a roller revolving inside a casing, round the face ¢f the roller
are ribs. In addition the white tice in the case of M1is charging out from a
white rice outlet and the brans is charging down frorm a bran outlet. While it is
charging out with the bran rice in the case of M4
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The husking of system M2 is carrying out separately in individual
equipment. While, whitening is performing at two sequence stages in two
sequence eguipment. The first uses the abrasive concept. The second
employs the friction concept. In each whitening stage about 50% of the total
brans amount is accepted to be removed, By this way that system M2 can
gently milled the grains. On the other hand, the milling system {M3) consists
of four milling equipment. Three of them are similar in construction and
dimensions to those previously described in milling system (M2), The fourth
equipment is an additional abrasive whitening unit. This unit is equipped
between the friction and abrasive units to provide higher whitening and
polishing grains. It should be denofed that system (M3) is designed to carry
out the whitening process at three sequence stages. In each stage about
33% of the total bran amount is accepted to be removed. That regular grain
flow could be achieved in M2,and M3 systerns by regulating flow pressure
using an added weight lever. This lever controis the outlet gate opening time.

3. Experimental Procedure: -

The milling tests were carried out inside four privale mills, all at
Damietla Governorate, Whereas 27 pre—-milling rice grain samples {each of 2
lons weight) were transported, for each mill, These samples were random
coliecled after combine harvesting from each rice variety field at grain
moisture content (Mc) of about 20-22 % (d.b.}. Then, they dried using natural
drying method under shade in grain layers, each of 10cm thickness until Mc
{s approximated 14 %. In order to accurate the evaluation of the compared
rice mills, a special experimental scheme was continued for six days, and
repeated three times. In the first and second days, the milling tests were
conducted to illustrate the effects of both milling systern and rice variety
parameters at approximately Mc of 14 %. While, in the third and fourth days
these effects were investigated at approximately Mc of 13.5 %. During, the
fith and six days the Mc approximated about 13 % and the effects on the
milling quality were deduced. It should cleared that a sample of 1000 grains
was random collected from each harvested yield and just before milling tests
to measure Mc .A Satake digital grain moisture content meter (model, $8-5)
was used for that purpose

4. Methods of evaluation:

Three evaluating quantities have been used to compare the
performances of the four investigated milling systems. These quantities are
the milled grain quality, the specific energy consumption of each mill, and the
milling machinary costs.

4.1, The Milled grain quality:

Randorn grain samples each of five kilograms were collected from the
product of each treatrment, Each sample was divided manudaily into ten equal
parts. Each part was divided into five small parts each of about 100 g. Each
sample of 100 g has been distributed on a flat glass plate to sort the product
into 3 main categories namely: - undesirable materals (UN)the broken
grains(BR), and head rice{(HR).the undesirable materials includes 6
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components. Those are forgign materials (1), paddy (2), chalky kernel (3},
yeliow kernel (4), red kernel (5), and immature kernel (6). Then the percent
each component in that sample could be estimated as follows:

Mass of that compenenl in ihe mitled sample .

100
Total mass of the sample

Component % =

Finally the quality grade of the milled grain product has been
determined according to the statements of GOEI {the General Organization
for export and import ,1997), table (2).

Table (2): The product graduation base of the General Organization for
Export and import (G.0.E.l).

I Quality | Fore. | Paddy | Chalky | Yellow l Red { immature | Broken |
Grade % % % % % % %
Super | 0.02 | Om 1 0.1 05 0 <2

grain
Excellent | 003 | 2% | 155 | 02 0.5 0.5 229
No.1 | 005 | 001 2 025 | 15 05 | 358

" No.z [ 01 | 0ot | 28 05 2 1 6-11.9

[ No.3 [ G2 | 003 | 34 1 2.5 1 12-10.9

[_No.4 03 [ 004 5 1.5 3 2 20-29.9
No. 5 0.6 0.1 8 2 35 2 30-39.9

[ No.8 0.7 02 12 25 4 2 >40

According to that graduation scale the grain product has to be divided
into eight quality grades. These are super, excellent, No.1, No.2, No.3, No.4,
No5 and No.B. The graduation categories in table {2) are dependent upon
the distribution of 8 product components. In general if the product is having
broken grain of less than 2 %, hence, it could be sorted as super excellent
grade. And if broken grain ratio ranges from 30 to 40 %, then the product
could be sorfed as grade No.6. efc,

4-2, Specific energy consumptlon {SEC); -

To assess the energy consumption, it was necessary to account the
efectrical, and the human energy consumption in each compared mill. it
should be denoted that the electrical energy is consumed throw five electrical
molors in each of (M1) and (M4) milling systems. While it is consumed throw
eight and eleven electrical motors in (M2), (M3) respectively. Furthermore,
from a personal communication it was stated that the worker numbers are
5.7,8 and 5 in the four compared systems M1 M2, M3and M4 receptively.

Similar USSR electrometers model (CA4-N&72T) have been used to
account the electrical energy consurmption for each mill. While, the average
power of one worker has been considered as 0.074 ¥Wh according to Ezeke
(1987). The electrical energy consumption (in kWh) was accounted for each
milling test. Then, the specific electrical energy (SEEE) and the specific
human energy consumption (SHEC} in kWh/tan could be estimaled. Dividing
the accounted energy data on the average production rate {ton/h) did that.
The tolal specific energy consumption (TSEC) can be estimated as follows:

TSEC = SEEC + SHEC (1)
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4.3. Milling machinery costs: -

The ¢ost of any of the compared milling machinery system has been
determined by estimaling costs of owning the equipment of that system {Cos)
and cost of operating them (Cop). ), In the present study the ownership cost
(Cos) of each individual machine or equipment was estimated according to
Srivastava el al{1995). While, the operating cost (Cop). was calculated
according to Hunt (1983) and ASAE, (1992).

The total milling machinery system costs was estimated as the sum of
each entire equipment or machine costs. The, ownership, operating and total
milling machinery c¢osis could be caiculated per-ton base. The total
machinery cost per-ton has been computed by multipiying by the actual time
required by the system to cover milling one ton. To judge the optimum
selection of milling machinery system the annual economic save (ES) of each
mill was estimated. That could be estimaled as the difference between the
product of multiplying the average yearly mill capacity by 50, and the total
machinery system cogsts as follows: -

ES = averag mill capacity x 50 - 3" (Coa + Cop) =+ 2y
in the above equation 50 LE was assumed to be the discharge of milling one
ton of rice by any system.

RESULTS AND DISCUSSION

Milled rice grain quality and mill productivity

The percentages of the milled product components and the production
rates due to each investigated treatment have been determined and
tabulated in table (3). The tabulated data present alsc the quality grade of
milled grain, which accomplished the four invesligated systems under the
effects of nce varieties, and moisture content parameters.

Table (3) shows that the average product rates are 534.8, 1310, 1132
and 289.2 Kg/h for M1, M2, M3 and M4 respectively. Thus according the miil
productivity M2 has the highest milling product rate followed by M3 and M1
came atthe end M4. In addition the components of milled product is included
in table (3) i three main graduation categories namely: undesirable materials
percent (UM9%), broken rice percent (BR%), and head rice percent (HR%).

Fig {2} shows the average dala of these categories that accomplished
the four tested milling systems. Analysis these data show in general that
there is shortage in the design feature of the milling equipment of milling
systems M1, and M4. That is because they produced high values of both
UM%, and BR%.

Relating the percentages of the produ¢t components to the statements
of General QOrganization for Export and Imports {GOEI} in table (2), the
average rice quality grade for each treatment can be classified and tabulated
as shown in table (3). The data reveal that product of M1 and M2 systems are
almost exhibiting grain grade of No3 and No2 respectively. While the product
aof M3 include both extra finance and No1 grades. The worst grain grade
(No5) is achieved when milling any rice variety by M4.
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Table (3) and fig (2) show that the average of undesirable material
percentages are about 9.08, 5.49,3.60,and14.29 % for M1, M2, M3, andM4
respectively. These results indicated that higher separation efficiencies (less
undesirable material percent) have been achieved by the Satake miller
designs, compared to the Engelbarg one.

It can be stated that the three systems M1, M2 and M3 reduced the
undesirable materials in the milled product, by about 36.46, 61,58, and 74.81
% respectively compared to the traditional system. That result trend may be
attributed to the number of separation outlets in each system. Whereas, the
Satake designs have four separation outlets for the individual passing of
husk, extraneous, bran and the head rice.

While there is only one outlet orifice in the milfing equipment unit of the
Engelbarg system.

Gz BR 3 HR

Undiserable

M2

Fig. {2) The effect of the milling equipment systems on: the undesirable
materials (UM), the broken rice {BR), and the head rice (HR) percentages

Furthermore the data of table {3) shows that, the separation efficiency
was not affected by the moisture content parameter (Mc%) and slightly
affected by rice variety (R) parameter.

Fig (3) provides a useful insights on the percentages of both milled
grain broken (BR%), and head rice (HR%) as they affected by the used
milling system parameter and both grain parameters (variety and moisture
content Mc%). This figure presents 12 relationships between Mc% and BR%,
in doted lines, which can be estimated by the left hand Y-axis. While other 12
relationships between Mc% and HR%, are presented in whole lines that can
be estimated by the right hand Y-axis. Furthermore each of BR%, and HR%
relationships is presented in three groups with respect to the variety. Each
group involves four relationships with respect to the machinery system type.

From fig (3) it can be seenin general that both BR%, and HR% are
strongly influenced by the used milling equipment parameter and slightly
influenced by paddy variety, and mgisture content parameters.
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Table (3} Average grain quality and mill productivity performed by the
four compared milling systems

| Studied parameters Evaluating parameters of the milled groduct ]
Sys. | Variety Mc. Product component percentages % Productivity
¥s. | % Undesirable materials % T BR | HR | grade | Kg/h
1] 2 3 4 5 6 % | %

Giza 130 |09 003 200 135 300 1.90 [ 1000 j80.73f 3 518D

178 135 |019 003 300 130 226 180 | 11.00 [8042| 3 5140

140 |018 D04 320 140 220 180 1200 |78538] 4 5180

Aver | 135 |018 D03 303 131 248 176 | 11.00 [8047| 3 5170

Giza 130 |62v 903 350 113 228 200 | 900 1B187) 3 5380

135 (020 oo3 410 130 222 150 | .00 (B1e4) I 5350

(M1} 171 | 140 lo19 a0 440 135 220 150 ) 1000 [8062) 3 5340
Aver 135 (020 D03 380 125 223 166 | 9.33 |B1.3T| 3 5356

130 {018 @@3 350 120 250 200 700 |B3s59| 3 5820

Reho | 145 [o18 opo3 aso 125 230 190 | 8.00 |B2354] I 5600

140 [pis 001 440 131 200 100 | 1000 [8111] 3 5590

Aver | 1350 (017 003 390 125 220 1.6 | B.BI (4241 3  560.30

System lolal average  0.27 0.03 344 131 241 168 102 [301 3 5348
139 [015 003 4170 034 210 08B0 | 490 (9997 2 12810

G 178 ] 135 |pisa D04 170 035 190 080 | 520 lgssr) 2 12800

140 |o10 oc4 200 035 170 09C | 53C (896!] 2 12850

J Awer | 135 (043 003 180 034 180 083 | 513 |e9.@1| 2 128886

120 |03 002 220 037 490 480 | 380 (8G.78] 2 13150

G.171 | 128 lo40 003 23 03¢ 170 ool 390 (9068 2 13100

(M2) 140 (008 007 250 041 180 106 ) 410 Jeo2r| 2 1308.0
Bver. | 135 |04t o002 233 033 173 080 393 [9057] 2 13110

190 |008 002 240 043 .80 10D ) 3p0 |=:07] 2 13460

Rehg | 135 |0o08 002 270 @44 180 100 | 320 (9078| 2 13380

140 (005 @02 280 D47 160 110 | 330 |s065| 2 13330

L Aver 135 (04 00D 27 0.4 17 1.0 32 |ec® 2 13390J
[ System totalaverage _ 6.1 003 228 033 13C 085 427 1803 2 1310
130 |00 002 7140 027 135 053 [ 250 [9335] 1 11150

G.178 ( 135 (004 002 180 023 120 053 | 290 |8d.48) 1 1109.0

140 |0p0d 0C2 170 024 120 052 [ 310 (9318 11060

Awver, 13% |lopa po2 158 022 125 052 | 283 |53 1 11100

130 |0.04 002 180 023 425 051 | 220 (9395 E 11380

G171 ) 335 |604 002 190 024 124 080 | 2230 [9377) 1 1360

(M3} 150 loo4 001 200 D28 140 050 | 240 18369 1 11290
Aver, 135 (004 DO1 190 024 1185 050 230 [93.79% 1 1134.0

110 |ooa 002 180 024 120 G482 | 200 [9439] E 11650

Reho 135 (003 DD2 18D 024 115 030 | 200 (9428 E 11830

140 {003 002 186 €25 110 050 ] 220 | @d1 1 11620

Aver | 135 (003 002 173 024 113 050 | 206 [94.25] E 11833

System total average  0.04 0G1 165 @21 318 _ 0%t 280 19366 1 1132
130 Joas 010 730 180 350 210 [ 2600 [5875] 5 2800

G. 178 | 135 [G43 008 B350 175 350 200 | 27.00 |58 74 5 278.0

140 |o3s o008 530 170 240 200 | 2000 [583] 5§ 2750

Aver | 125 1042 D08 683 175 348 2303 | 27.33 |se54 5 2778

130 |0.4¢ D0 750 180 340 240 [ 2400 |BOG| S5 2850

G 4711 125 'pa3s 008 700 190 320 200 | 2500 [g0.48| B 2845

{Ma) 140 |037 005 800 170 320 190 | 2500 (58.38) B 284D
AvEr ) 133 |038 007 713 183 328 200 | 2500 |59.98| S5 2848

— | 130 |o3s Qo 780 470 340 200 | 2300 {6048 5 2080

Reho 138 1938 007 740 180 330 200 | 2300 162237 5 306.8

140 (034 0dd 7OJ 140 320 200 | 2550 |61.03] 5 3060

[Aver. | 135 [035 008 733 156 323 200 | 2383 |8176| 5 3078

[ Systemtotalaverage 0.44 007 662 168 373 205 2670 [687| § 2892
HR= head rice percent Mc%=grain mcisture content

Sys.= tested milling system BR= broken grain percent
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It should be denoted that the lowest grain broken ratic was
accomplished the three pass system {M3). It reveals an average grain broken
ratio of 2.60 %, versus 10.24, 4.27, and 26.7 % for M1, M2 and M4 milling
systems respectively. Also using M3, Reho variety exhibited the highest head
rice  {94.25%), while milling the same variety by M1, M2, and M4 resulted in
head milled rice of 82 41,90.83,and 61.76 % respectively. On the other side
the Engelbarg system {M4) resulted in the highest broken ratio with an
average 27.3,25.0 and 23.8% for Giza178, Giza171 and Reho respectively.

The recorded data shows also that, milling by any tested system, the
Reho rice variety exhibited the lowest broken ratio and the highest head rice
percent. Giza 171, and Giza 178 as the higher broken ratio and lower head
rice percent follow that arrangement.

The combined effects of machinery system and Mc % parameters do
not show any steady trend. It can be conciuded that increasing the grain
moisture content from 13 to14% leads to slightly increase the grain broken
ratio by about 0.75, 0.25, 0.25, and 1.6 % and also slightly decrease the head
rice product by about 1.30, 0.75, 0.20,and 1.7 % for M1, M2, M3, and M4
respectively. While the combined effects between machinery system and
paddy variety parameters reveal that milling different rice varieties in the
Engelbarg and the one-pass systems will gave random head rice results.

A BR$M1; Tm - BR%MZ) ) -- % --BR(M3) -- ® - - BR(M4)
—A— HR{M1) —%— HR{M2) —¥%— HR(M3) —&— HR(M4)

s G|za 178 Glza 171

Brokengrai
{(HR)Y%

Grain moisture content %

Fig{3) Grain broken(BR),and head rice(HR)ratlo as affected by milling
system, and rice variety under different grain moisture content

But it shouid be dencted that milling rice in both two and three-pass
milling systems gave steady head rice resuit.

Milling energy consumption: -

The accounted data of energy use in the four compared mills inciude
the electrical and the human energy, which has been dissipated for each
processing unit (cleaner, elevators, husker and whiteners). The computed
data reveal that the average electrical energy consumption are
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19.22,35.00,36.00 and 21.17 kWh for systems M1, M2, M3 and M4
respectively. While the human energy consumption are in general
represented a small fraction (1-2%)of electrical energy consumption.

Fig (4) provides useful insights on the effects of the studied variables
on, the average specific energy consumption. It is easily noticed that the
milling system parameter is the dominant parameter affecting the energy
consumption. But it should be denoted that the average specific energy
consumption is about 38.43, 28.06, 32.34, and 74.71 kWhiton for M1, M2, M3
and M4 respeclively. Also the data of this figure reveals that, the energy
consumed by the tested milling systems is affected by the rice variety more
than moisture content. On the other side it can be noticed that Giza178
exhibited the highest electrical energy consumption followed Giza171 came
at the end Reho variety. This result trend may be due to the grain properties.
Since the shorter grain of Giza178 my be stronger enclosed with husk than
the taller one (Reho) and vice versa

Also it may be stated thatthe effects of moisture content on specific
energy consumption can be negligible That is because the variations in the
electrical energy measurements were very low by varying grain moisture
content between 13 and14%.

The combined effect of both milling system and rice variety parameters
on the electrical and human specific energy consumption inside each
processing unit are presented in table (4).

T B S - —_

go . T« MIL_ O-M2  —- M3 M4
. 75 _x—:"_*':'x .__*':’-:(—T—_x e _
g8 e .
258 % Giza 178 Giza 174 Rého !
g2z B o= —""—"::__,70‘ s |
E8% 3 ,— 9:::9:::6.‘ -___a

1§ —— -

13 135 14 13 135 14 13 135 14

Moisture content, Mc%

Fig {4): Specific energy consumption as affected by milling, rice
variety,under different grain moisture content
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Table (4): The combined effect of milling system and rice variety
parameters on the electrical and human energy
¢consumption inside each processing unit.

Rice variety
i) Giza 178 | Giza 171 | Reho
5ys Energy Tolal energy| Energy type | Total energy Energy type | Total energy

Milling type
equipment [Elect [Hum[kwhit| % [Elect.! Hum [kWhAl % |Elect. | Hum [kWha| %
Cleaner | 23|03| 26 (66 [ 13|01 |14 |42 |17 01 ]| 18|52
Elevator | 6.6 [ 03] 72 184 57 | 01 |59 [179]| 63 | 01| 65 1185
Miller (285|08]203|750[25.0] 04 [244 778|263 | 04 (267763

M1
Total |37.7]1.4 391 320] 07 327 343| 07 350
% 96.4| 3.6 | 100 100 g0 20 1 100 | "% {978 29 1100 | '

Cleaner |15 (01119 | 69| 6 | 01 ! 173i62 |15 | 01! 16 | 59
Elevator | 67 |011 67 |[241| 684 | 01 | 65 |241| 62 | 01 | B3 | 240
Husker 57|(01,58 20853 |01]54 :201]|51 |Gt |51 197
M2 Abrasiv 70,01] 70 12538660167 250 64! 01| 6.5 | 24.8
Fraction |62 /0264 [220] 64 | 02| 86 |245] 65|02 (67 253

Total _|27.5| 04 279 264 04 | 268 257 04 26.1
1 1 100

% 985 1.5] 100 | ' [985] 1.5 [100| ' [e85] 15 | 100 | '°

Cleaner | 1.7 | 0.1 1.8 | 55 | 1.5 | 01 | 1.6 | 51 | 13 | 01 | 14 . 46

Tlevator | 6.8 01| 6.8 | 210 | 64 | 01 | 65 | 211| 61 | 04 | 62 |21.0
Fusker |59 101|569 |182] 56| 01 | 57 |185| 53 | 01 | 54 | 184
brasy | 6.1 ] 011 62 | 190] 57 | 0.1 | 58 | 188 55 | 04 | 56 | 1950
Porasv | 6.0 | 01161 | 188 57 | 0.1 | 58 | 188 55 | 04 | 58 | 39.0
Fraction | 5.5 021 67 |175| 52 | 02 | 54 |175| 51 | 0.2 | 53 | 180
Total |320] 05 325 302 | 05 308 2881 05 293

% 19631 1.7) 100 ] %% [o83] 3.7 [100] ' a3 | 1.7 o0 | '°°
Cleaner | 18103121 | 28 | 1.1 | 03 | 13 18 10 02| 12| 18
Flevator | 7.6 | 03| 7.9 | 106 | 67 | 03 | 69 | 96 | 61 | 02 | 6.4 | 96
M4 Miler |63.6| 0.6 1647|867 | 634 | 0.8 | 645 | 86.6 | 584 | 0.7 | 59.1 | 885
Total |73.2| 13 | 746 711 12 [724 655 1.2 | 66.7

% 98.2]| 1.8 100 100 98.2 | 1.7 | 100 100 98.21 1.8 1100 100

M2

Referring table (4), it can be seen that the whitening operation is the
most consumed energy compared to the other processing operations inside
each system, Since, it consumed about 77, 70,74, and 88 % of the total
energy consumed by the milling systems M1, M2, M3 and M4 respectively.
The corresponding percentages for cleaning operation are 5, 6,5,and 2%.
While these percentages are as 18,24,21 and10 for elevating operations.

Milling Machinery System Costs:

Table (5} shows the important assumptions and the estimated items
that are necessary for calculating the two cost types (Coa) and (Cop). While
Fig (5} shows the estimated cost components which are coincided the four
investigated milling systems.
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Table (5): The important assumptions
necessary for calculating the

cost
Milling Tocaa  Beom GEa ]
ltems Machlnery J : lCoa//Tl_gggifiE_ds__ﬁl )
Systems - CE |

[ w1 | ™2 M3 | M4
Pu Price {LE) | 15000 | 30000 I150000] So0C
Sabyvale= 0.3 Pu| 1500 | 3000 | 15000 | 30D
nsurance=2 % Pu| 300 600 3000 100
nterest= 10% Py | 1500 | 3000 | 15000 | S00 |
Elec.cons. KW/ 1922 a5 38 21,17 _|
Elet price LEAW | 0.18 | D.18 | 018 0.18

%Je

™,

The total cost
LE#on

L

Machine ife  Yearyy 10 10 10 5 0-

Iearly aperafing (h) | 2000 | 2000 | 2000 | 2000 | e "
Production. (kg.h) | 534.8 | 1370 | 1132 | 289.2 MY g T TS oa
Number of labor £ 7 | 8 5 Milling g,.c,

]
1
Repair factor Fi 0.54 | 0.54 0.54 0.54
Repalr factor F2 21 | 21 | 21 2.1

Fig.{8):The estimated cost
components coincided the
four studied systems.

According to Srivastava ef a/(1995) it can be found that the annual
ownership cost (Coa) are 2175 LE/Y for M1 versus 4350, 21750 and 1195
LE/Y for M2, and, M3 and M4 respectively. The average mill product are
534.8, 1310, 1132 and 289.2 Kg/h for M1, M2, M3 and M4 respectively,
Hence the per-ton ownership costs, are as 2.03, 1.2, 9.62 and 2.06 LE/ton for
the four milling systems M1, M2, M3 and M4 respectively Fig {5).

While, according to Hunt {1983) and ASAE, (1992) lhe operating cost
(Cop), has been calculated. The {Cop) includes labor cost (Lc), electricity
cost (Ce), maintenance and repaw costs (Crm). The estimated Lc, Ce, and
Crm for milling one ton using one-pass milling system (M1) is found about
2.34,6.75,and 0.49 LEAon. While the corresponding Le, Ce, and Crm values
for milling one ton using M2, M3 and M4 are found about 0.85, 1.10 and 4.3;
4.26,6.40 and 13.20, and0.90, 5.25 and 1.40 LE/ton, respectively. Thus the
total costs for operating the four milling systems M1, M2, M3 and M4 may be
as 16.59, 10.50, 19.03 and 31.86 LE/on, respectively.

Furthermore, the sum of ownership and operating costs for the four
compared miling systems (M1, M2, M3 and M4) are estimated as18.62,
11.79, 2765 and 33.92 LEfon. It can be seen that the lowest cost is
accomplished M2 milling system. Hence M2 systern may be saved about
65.48, 37.10, and 57.65%% compared to the milling systerns M1, M3 and M4
respectively. Referring the previous values It can be stated that the machine
purchase price is not lonely the parameter which is influenced both ownership
and operating costs. But also the productivity has its own significant effect.

The economic income may be as; 53400, 131000,113100 and 28900
LE/Y for milling system M1, M2, M3 and M4 respectively, Eq.(2) was used to
estimate the annual economic save (ES) for alt compared milling system
Thus the net economic save values may be as shown in fig(5) as follows
31.38,38.21,22.35 and 16.03 LE/ton for M1, M2, M3 and M4 respectively.
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Finally from the analysis of the cost data it can be stated thatitis
completely unwise to use the Engelbarg system, if M1 or M2 or even M3
systems are available., Consaquently replacing M2 or M3 systems instead of
M1 and M4 will be provided good to save economic in Egypt.

CONCLUSIONS

The gained resuits can be summarized in the following points:

Based on the milled grain quality the three-pass milling system (M3) is
superior to the other compared systems. Since, it gave high extra grade rice
of 84.26 %, and low seed broken ratio of 2 %.

Energy consumption rates of 38.340, 28.062, 32.337, and 74.709
kWhiton, are accomplished M1, M2, M3, and M4, systems respectively.

Two-Pass system (M2) may be saves about 65.46, 37.10, and 57.65%
of the milling costs compared to M4, M1, and M3 milling system respectively.

The highest rice quality and the lowest energy consumption for all
systems occurred at moisture content of 13 %.

The whitening equipment units of all system consumed the highest
energy consumption compared to cleaning, and elevator units.

Owing to all milling operation constraints, the two-pass or the three-
pass milling system is recommended to be replaced instead of the Engelbarg
system. That is because the Engelbarg system exhibited the highest specific
energy consumption (74.708 kWhiton), and the highest broken grain ratio
{26.72 %) and the lowest grade rice (grade No. 5).
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