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ABSTRACT
Field experiments were carried out at the experimental field of Rice
Mechanization Center, Meet El-Deeba, Kafer EI-Sheikh Governorate
during harvesting season of 2007.Five of the most widely wheat
harvesting systems were studied on the widely common wheat cultivar
(Sakha93): multi-purpose combine harvester, through in combine
harvester, hold in combine harvester, Reaper + thresher and double
knives mounted mower + thresher  to recommend the appropriate
system for harvesting wheat crop. The systems were evaluated according
to the technical parameters: actual performance rate, field efficiency;
cutting efficiency, cleaning efficiency; percentage of the total losses and
consumed energy, according to (RNAM 1995) and according to the
financial criteria. Overall cost criterion was used to evaluate the tested
wheat harvesting systems.
The results showed that the combine harvester realized the highest actual
performance rate (3.06 fed./h) at all the tested forward and threshing
speeds compared with the other studied systems. The highest field
efficiency (94.3%) was obtained from the 4% system and the 5% system.
The highest cutting efficiency (94.3%) was conducted by hold in combine
harvester. The highest cleaning efficiency (98.7%) resulted from 4" and
5t systems at threshing drum speed 35.34 m/s. The lowest percentage of
total grain losses averaged (2.27%) resulted from the 38 system. The
lowest consumed energy per fed and per ton was achieved by multi-
purpose combine harvester. The lowest significant total cost (85.72 LE/h)
resulted from 4% system.
The overall cost criterion (LE/fed.) was observed from harvesting systems;
it includes actual performance rates, consumed energy, cost of total
losses grain, and total costs. The lowest value is considered the most
appropriate from operation of multi-purpose combine harvester.

* Assist . Prof., Ag. Eng. Dept. , Fac . of Ag., Cairo University.
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INTRODUCTION

heat is one of the most important grain crops in Egypt, it
Woccupies about 2.985 million feddans with a national average

of 2.71 ton/fed.( G.M.A.S 2006) .As known, cereal crops are
too sensitive to harvesting operation due to the high percentages of grain
losses affecting the total yield, there fore much care has to be taken
during harvesting operation to minimize production losses and hence
costs.
Ghonimy and Rostom (2002) developed an overall criterion for
evaluating four types of head feeding combines (YANMAR CA-32,
YANMAR CA-385EG, KUBOTA R1-40 and KUBOTA PRO-48). It
depends upon the relative weight for each technical and economical
evaluation criterion. This overall criterion is suitable for mechanization
services suppliers by using (operating hour costs) as economical
evaluation parameter and suitable for the farmers (mechanization
services users) by using (renting costs) as economical evaluation
parameter. The combines arrangement according to the final overall
criterion for the farmers (mechanization services users) were PRO-48,
CA-385EG, R1-40, and CA-32. El-Sahrigi and Khan (1990) reported
that reapers have been used for harvesting wheat and rice, however, the
output of the reaper was low and considerable labor was still required for
collection, threshing, and bagging seeds. Mohamoud et al. (2007)
developed the feeding device of the Turkish thresher to be suitable for
threshing wheat crop with high efficiency. The obtained data showed that
the developed device decreased un-threshed grains by 26.99%, damaged
grains by 40.37% total grain losses by 38.85% and threshing cost by
14.27%. In addition threshing efficiency, cleaning efficiency and energy
requirement were increased by 0.62%, 3.00% and 3.49% respectively, at
feeding rate of 1.1 ton/h, drum speed of 27 m/s and grain moisture
content of 19%.
Arnaout et al. (1998) investigated some different mechanizing systems
for harvesting wheat and rice crops under Egyptian conditions. They
found that in wheat crop:
= The minimum grain losses (1.66 %) resulted from wheat combine.
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= The highest efficiency (78.04 %) was obtained under self-propelled
mower.
= The highest field capacity (1.64 fed/h) was remarked under reaper.
=  The minimum energy (25.38 kWh/fed) was consumed under self-
propelled mower + threshing by threshing machine.
= The minimum total costs (173.03 L.E/fed) was obtained under
combines.
Kamel (1999) used two different types of Yanmar combines (CA- 385
and CA-760) to harvest three rice varieties (Giza 178, Sakha 101, and
Sakha 102). He stated that all kinds of losses for the two combines
increased with the increase of harvesting speed and cutting height for the
three selected rice varieties. He added that the lowest value of total losses
obtained at harvesting forward speed 0.3 m/s (1.08 km/s) with cutting
height 7 cm. He also mentioned that the highest value of total losses for
both two types of combines did not exceed 5.8 % compared with 25 %
when utilizing traditional harvesting system. Afify et al. (2000)
mentioned that four harvesting systems (manual + thresher, tractor-
mounted mower + thresher, Deutz fahr combine, and Yanmar combine)
with three planting methods (manual transplanting, drilling, and
mechanical transplanting) were tested to select the proper system of rice
harvesting which suits the planting method. They found that the least
costs of planting, harvesting, and percentage of losses were 104.21
LE/fed., 84 LE/fed. and 2.18% respectively were obtained by using of
drilling system and harvesting by Deutz Fahr combine. El-wady et al.
(2000) evaluated the performance of Barmel rice-thresher. They
concluded that the best performance of Barmeel rice thresher was at 550
rpm (29.64 m/s) which gave minimum criterion cost, acceptable cleaning
efficiency of 94.61% and threshing capacity of 2.68 ton/h. El-Nakib et
al. (2003) used Kubota combine as a mechanical harvester of rice crop
(Sakha 102). They found that header, threshing, separating and shoe
losses increased with the increase of the forward speed and the decrease
of grain moisture content. The optimum operating parameters for
harvesting rice crop were combine forward speed of 4.5 km/h and grain
moisture content of 16.5 %. EI-Khateeb (2005) tested multi-purpose
combine harvester (Yanmar model CA-760) for harvest rice crop, and

Misr J. Ag. Eng., July 2008 806



found that the maximum value of actual field capacity was 2.90 fed/h at
forward speed of 3.0 km/h and grain moisture content of 18 %. Also, he
found that the highest value of fuel consumption rate was 7.20 L/fed at
forward speed of 1.5 km/h and grain moisture content of 25 %. He
recommended that grain moisture content of 22.0 %, forward speed of
1.5 km/h, cylinder speed of 24.0 m/s were the optimum operating
conditions for mechanical harvesting rice crop. Also, using combine
harvester was the most efficient and economic system (89.70 L.E/fed)
compared to manual harvesting and gathering followed by threshing and
winnowing (181.60 L.E/fed). EI-Sharabasy (2007) mentioned that using
both full and partial mechanization system for harvesting and threshing
rice crop at the higher forward speeds and lower grain moisture contents,
recorded minimum consumed energy and cost requirements. Also using
partial or full mechanization for harvesting rice crop saved time, effort,
and total cost requirements and also cleared the rice crop from the field
as fast as possible than traditional manual system.
Selection of the optimum system to harvest wheat crop and improving of
the combine performance during harvesting are very important to
minimize both grain losses and operating costs. Therefore, the present
study aimed to compare between the most widely wheat harvesting
systems to recommend the appropriate system to harvest wheat crop
based on some technical and financial parameters.

MATERIAL AND METHODS
This study was carried out during 2007, and was conducted in the
experimental field of Rice Mechanization Center, Meet El-Deeba, Kafer
El-Sheikh Governorate. Using the most widely systems to harvest wheat
crop (Sakha 93).This site was chosen since Kafer EI-Sheikh Governorate
is considered one of the four highest governorates in Egypt in terms of
wheat grain cultivated area (216871 fed.) and average productivity 2.781
ton/fed. (G.M.A.S 2006)
The components of the wheat harvesting systems are:
1- Multi-purpose combine harvester (Class dominator 68S )
2- Through in combine harvester (Yanmar CA-760)
3- Hold in combine harvester (Yanmar CA-3850)
4- Reaper AR 120 + Thrasher(Mabrouk)
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5- Double knife mounted mower (Posates ) + Thresher(Mabrouk)
Table (1) shows the technical specifications of the components of the
wheat harvesting systems
Treatments:
1- System types:
Five types of harvesting systems which were mentioned above were
studied.
2- Forward speed:
Three tested forward speeds for 1% system ( 2.3, 3.2 and 4.5 km/h) , two
tested forward speeds for 2¢4 and 3% systems ( 1.8 and 3.2 km/h) , two
tested forward speeds for 51 system ( 2.1 and 3.2 km/h) and one tested
forward speeds for 40 system ( 1.8 km/h).
3- Threshing cylinder speed:
Two threshing cylinder speeds for every forward speed were used.
The treatment symbols are showen in table (2).
Measurements:
The combines were operated at the similar optimum condition. Class
combine was operated with three levels of forward speeds, while Yanmar
combines were operated with two levels of forward speeds as they have
only two forward gear synchronizations for harvesting and high gear
synchronizations speed for road operation. For each of the tested forward
speeds, the most common two threshing cylinder speeds were examined.
The threshers were operated with the experience recommended three
levels of thresher cylinder speeds with the recommended feeding rate
0.35 kg/s, by dividing the plants into 7 kg bunches and feeding it to the
thresher every 20 seconds.
Actual performance rate, field efficiency, threshing efficiency; cutting
efficiency, percentage of damaged grains, percentage of lost grains,
cleaning efficiency, specific consumed energy and total costs (according
to RNAM,1995) were used to evaluate the tested systems.
1- Actual performance rate (Pr)
r=Ha /T (1)
Where:
Ha. = total harvested area, fed.;
T¢ = total consumed time, h.
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The total consumed time for 40 and 5% systems was related to the time
consumed for threshing operation. Since threshing operation per feddan
required longer time than that required for harvesting.

2- Field efficiency (nt)

The field efficiency was calculated from the following formula
nt ={(Th - Tu)/ Tn }* 100 (2)
Where:
Th = total time for harvesting and threshing processes per fed., h;
Ty = total un-productive time during harvesting and threshing process
per fed., h.

3- Cutting efficiency (nc)

An average length of 100 plants from different 10 locations in the field
during and after harvesting were measured to calculate cutting efficiency.
Ne= (hn / ht)* 100 (3)

Where:
hn = average height of plant after cutting, cm ;
ht = average height of plant before cutting, cm.

4- Cleaning efficiency (ne)
ne = (Wg / M0)*100 (4)
Where:
W(g = weight of whole output grain per unit area (threshed,
un-threshed and damaged grain), ton/fed
Mo = weight of all output materials per unit area, ton/fed.

5 - Percentage of damaged (Pd) un-threshed grains (Utn):

Visual investigation and manual separation of 10 samples each of 100
grams were used to calculate percentage of damaged and un-threshed
grains.
Pa = (D/A)* 100 (5)
Where:
D = average of damaged grains weight of 10 samples, g.
A = sample weight = 100 g.
Uw= (E/A) *100 (6)
E = average of un-threshed grains weight of 10 samples, g.
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6- Percentage of grain losses (Pg)

Grain yield was estimated by manual harvesting 5 plots each of (1x1m)
with high care from random locations. The harvested plants were
manually threshed; the threshed grains were weighed for each sample.

The Percentage of grain losses was calculated from equation (7):
Pgl = {(Gy -Wg) +~ Gy} * 100 (7)
Where:
Gy = weight grain yield, ton/fed.
7-Percentage of total grain losses (Tgl):

Tgl = Pq + U + Pgl (8)
8- Specific consumed energy (Se)
Se = 3.163 Fc/Ap, kW.h/ ton (9)
Where:

3.163 Fc = the required power , kW (3.163= conversion constant,
according to Omran, 1989).
Fc = fuel consumption, L/h.
Ap = Actual system productivity = Wg * P, ton/h

9- Total Cost (Tc)
The total costs (Tc) were estimated using equation of Oida 1997
according to 2008 price levels.

. {PY‘S + [ P ; S ﬁ + (o.ozp)} + KT) +(fP.Fen)+(0cCn)+ (N .L.n)ﬂ}

n

where:
Tc =Total cost, LE/h;
P =Purchase price, LE;
= 370000 LE for Class ;250000 LE Yanmar CA-760 ; 160000 LE
Yanmar CA-385 ; 29000 LE Reaper AR 120 ; 15500 LE Thrasher
AS75, 12300 LE Thrasher Mabrouk, 7500 LE Posates mower and
54000 for tractor.
S = Salvage value, LE;
0.68(0.920)Y* P for tractor and self prepared machine
= 0.65(0.885)"* P for machine
i Interest rate, %; = 9%
r = Coefficient of repair and maintenance= 0.80, decimal;
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Y = Anticipated length of time owned, Year;
= 5 years for the machine, and 10 years for the tractor.
fp = Fuel price, LE/lit;
= 1.1 LE/lit for Diesel fuel , 1.75 LE/lit for Gasoline fuel
Fc = Fuel consumption, lit/h;
Oc = Oil consumption = 0.00059 * Pt + 0.02169 ,Lit/h;
Pt = Engine power ,HP
C =0il price, LE/lit;
=15 LE/lit;
N = Number of labors
L =Labor wage, LE/h;
The common labour wages of Kafer EI-Sheikh Governorate were:
10 LE/h for combine operator,7 LE/h for tractor operator,5 LE/h
for technical labor, 4 LE/h for labor
-The 1%, 2" and 3" systems require combine operator and two
labors for collecting grains and handling grain sacs.
-The 4% system requires one technical labor for operating reaper
and 5 labors for collecting harvested plants, threshing and
handling.
-The 5% system requires one tractor operator, one technical labor
and 7 labor (2 labors for collecting harvested plants and 5 labors
for threshing harvested plants and grain handling.
n = Yearly working hours, h / year.
=500 for the machine and 1000 for tractor.
10 - Overall cost criterion:
In order to select an overall criterion for evaluating the tested systems of
wheat harvesting, the cost of total grain losses (LE/fed.) was determined
and added to the total costs of the system (LE/fed.).The price of one ton
wheat grain was equivalent to 2600 LE. (2008 prices). The total cost
(LE/fed.) includes performance rate and field efficiency while the energy
consumed expressed as consumed fuel in the operating cost.
11- Statistical analysis was carried out for the obtained data using.
MSTAT program to compare between the performances of the studied
harvesting systems using randomize complete block design (LSD of P
0.05) with three factors (harvesting systems, forward speeds and threshing
cylinder speeds).

Misr J. Ag. Eng., July 2008 811



Table (1) Summarized of the technical specifications of the harvesting systems components

ltem Class Yanmar Yanmar Walking Tractor Thresher Mower
68S CA-760 CA-385 Reaper Naser 65 (Mabrouk) Pozates
AR 120 )
Overall dimensions:
Length, cm 960 560 406 130 345 415 110
Width, cm 590 243 190 110 190 127 230
Height, cm 354 265 216 120 240 198 80
Cutting device:
Cutting width, cm 420 206 140 100 | ------- | m------ 120
Cutting adjusted Hydraulically | Hydraulically | Hydraulically | Manually | ------- | ------- Hydraulically
Threshing unit type | Straw walker, | Screw rotor Shaking Beater type with
shaking, sieves&fans | ---- --- | ------- bolted flat | -------
sieves & fans fingers
Threshing drum:
Diameter, cm 45 65 42 | e eee | eeee - V- B
Length, cm 106 217 4 e e 118 | ---- --
Engine:
Power/motor speed,

HP / rpm 105 /2500 58 /2300 38/2000 5/550 62/2300 | ------- | -------
No. of cylinders 4 4 3 1 e
Used fuel Diesel Diesel Diesel Gasoline Diesel | ------- | -------
Traction system Rubber Rubber Rubber 2 Rubber 2x4 Rubber Rubber wheal | -------

crawler crawler crawler wheals wheals

Table ( 2): Treatments symbols of the used harvesting systems
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Forward threshing
No System Speeds, Speeds, A|B|C|D|E|F|G T
km/ h m /s
28.90 *
23 32.04 ¥
1 Class 5 28.90 *
68'S 3 32.04 *
28.90 *
4.5 32.04 ¥
18 22.70 N
Yanmar ) 32.10
2 C760 22.70
3.2 32.10
22.70
18 32.10
3 Yanmar 22.70
CA385 3.2 3210
Reaper 27.48
4 AR 120 + 18 3141
Thresher )
Mabrouk 35.34
Mounted 27.40
mower 21 31.41
Posates + ’ 35.34 *
5 Thresher 27.40
Mabrouk
3.9 31.41
35.34
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RESULTS AND DISCUSSIONS

1- Crop variety and its characteristics

Sample of 100 wheat plant SAKHA 93 variety were taken from random
places of the field, plant height, stem diameter, grain moisture content,
grain/straw ratio and the crop yield were measured, The averages values of
this measurements were:

Plant height 98.9cm, stem diameter 3.5 mm, grain moisture content17.8%,
grain / straw ratio 1.09:1 and crop yield 2.73 ton grain / fed.

2- Actual performance rate and field efficiency

Table (3) shows that the highest significant actual performance rates resulted
from the 1% system (Multi-purpose combine harvester) at different forward
and threshing speeds compared to other studied systems.

The highest actual performance rate (0.73 fed./h per meter cutting width) was
achieved by the 1% system (treatment E). This was followed by 3" system
(treatment M), 2% system (treatment 1) and 4™ system. The lowest actual
performance rate (0.26 fed./h per meter cutting width) was attended by the
5t system.

Increasing forward speeds of combine harvesters caused significant
increment in actual performance rates. This was obvious as the increment of
forward speed of 1t system from 2.3 to 4.5 km/h at 28.9 threshing drum
speed caused an increase in actual performance by 155.3 % (from 0.47 to
0.73 fed / h per meter cutting width).

It appears from Fig.(1) that the highest significant field efficiency
(94.3%)was obtained from the 4% and 5% systems, then 1% system, 3" system
and the lowest was from 2% system .

The field efficiency for the three combine systems decreased significantly by
increasing the threshing drum speeds at the same forward speed. The 4% and
5t systems caused significant higher field efficiency compared to the
combine systems since threshing takes place at a separate stage than that of
the harvesting for the 4% and 5% systems. Also feeding rate of the threshers
was at the recommended rate and the threshers were supplemented with 5
labors therefore there was little un-productive time.
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Table.(3): Actual performance rates under different wheat harvesting
systems (LSD = 0.01)

Actual
system | Forward | Threshing | Treatments Actual performance
No. Speeds; drum symbols performance rate; fed/h
Km/ h Speeds; rate; fed/h (per meter
m/s cutting width)
23 28.90 A 1.98 0.47
32.04 B 1.70 0.40
1 39 28.90 C 2.39 0.57
' 32.04 D 2.30 0.55
45 28.90 E 3.06 0.73
32.04 F 2.71 0.65
18 22.70 G 0.59 0.29
2 32.10 H 0.57 0.28
32 22.70 I 0.93 0.45
32.10 J 0.88 0.43
18 22.70 K 0.47 0.34
3 32.10 L 0.39 0.28
32 22.70 M 0.74 0.53
32.10 N 0.65 0.46
27.48 O 0.31 0.31
4 18 31.41 P 0.31 0.31
35.34 Q 0.31 031
27.40 R 0.31 0.26
21 31.41 S 0.31 0.26
35.34 T 0.31 0.26
> 27.40 U 0.31 0.26
3.2 31.41 W 0.31 0.26
35.34 Y 0.31 0.26

3- Cutting efficiency

It is obvious from fig. (2) that the highest significant cutting efficiency
resulted from 2™ system followed by the 4% system, 3" system, 1% system
and 51 | respectively. The highest cutting efficiency averaged (98.9%) as a
result of 2¢¢ system (treatments G and H ). However the significant lowest
cutting efficiency resulted from 5% ( treatments U, W and Y ) as it averaged
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(84.4 % ) this may be due to the high vibration of harvesting toolbar at any
change in soil level specially it is not controlled by a tractor.
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Fig. (1): Field efficiency of the tested wheat harvesting systems.
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Fig. (2): Cutting and cleaning efficiency of the tested wheat harvesting
systems.

4)- Cleaning efficiency

Also, Fig (2) shows that the highest significant cleaning efficiency resulted
from the three combine systems at lower forward and threshing drum speeds.
On the other hand cleaning efficiency increased by increasing threshing drum
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speeds of the 4™ and 5" systems. As threshing drum speed increases the
speed of the separation fan increases which causes higher cleaning
efficiency. The highest significant cleaning efficiency was 98.7% which
resulted from 4% and 5% systems (treatments Q, T and Y).

5) Percentage of total grain losses

It is clear from fig (3) that the highest significant percentage of total grain
losses averaged 8.82% resulted from the 5% system (treatment Y). This was
followed by 41 system, 1t system ,2" system and 3% system, respectively.
The highest percentage of total grain losses obtained by 5 system might be
referred to high compact of the plant stems by mower knives, and then they
fall on the soil due to shattering effect.

The lowest significant percentage of total grain losses averaged 2.27%
resulted from 3 system ( treatment K ). Generally percentage of total grain
losses increased by the increasing of forward speed. Since increasing
forward speed causes increasing of the feeding rate, this leads to increasing
the percentage of un-threshed grain. Also, increasing forward speed increases
compact between wheat stems with harvester device which increases
percentage of total grain losses. Increasing threshing drum speed leads to
increasing number of grains compact during threshing process. Mean while
increasing forward speed of combine harvesters 12t and 2% systems causes
decreases in percentage of damaged grains. This might be due to increase in
the plant stems feeding rate at higher forward speeds which decreases the
compact effect consequently decreases percentage of damaged grains.

The lowest percentage of un-threshed grain (0.51%) and damaged grains
(0.58%) were obtained from 3¢ system (treatment K). Meanwhile, the lowest
significant percentage of grain losses averaged 1.12% which was obtained
from the 4 system ( treatments O, P and Q ) and was not significantly
different than that of 38 system ( treatments K ). The significantly lower
percentage of total grain losses averaged 2.27% resulted from 38 system
(treatments K )
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Fig. (3): Percentage of losses, damage and un- threshed grains of the
tested wheat harvesting systems.

6- Specific consumed energy

Consumed energy was expressed as kW.h/fed and kW.h/ton and both had the
same trend for the studied systems. From fig. (4) it is clear that the lowest
significant consumed energy per fed. and per ton was achieved during
operating the 1% system followed by 3 system, 2% system , 4"-system and
the 51 system, respectively. This is due to high performance rate of 1%
system compared to other systems.

The specific consumed energy decreases by increasing forward speed with
all systems. This is also due to higher performance rate at higher speeds. The
higher consumed energy in the 4th and 5th systems than other systems is due
to using two power sources for harvesting and threshing processes. The
lowest significant consumed energy averaged 23.36 kW.h/fed which resulted
from operation of the 1st system (treatment E). The general trend showed
that for the same forward speeds the consumed energy increases by
increasing threshing drum speed which may be referred to the increment in
fuel consumption at higher threshing drum speed.

7- Total cost and overall cost criterion
Fig. (5) shows that forward and threshing drum speeds did not cause
significant effect of the total cost and overall costs criterion for each of the
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five studied systems. However the lowest significant total cost (LE/h)
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trend of total cost (LE/fed) was observed for the studies system because the
higher performance rates for the combine systems (1%, 2™ and 3'9) compared
to 4™ and 5% systems.
For the purpose of overall financial evaluation the optimum operating parameters
(forward speed and threshing drum speed) were considered. The total cost of each
system at its optimum working condition fall the following ascending order:
1- 1% system (Multi-purpose combine harvester) at 2.3 km/h forward speed
and 28.9 m/s threshing drum speed.
2- 30 system (Hold in combine harvester) at 3.2 km/h forward speed and 22.7
m/s threshing drum speed.
3- 21 system (Through in combine harvester) at 3.2 km/h forward speed and
22.7 m/s threshing drum speed.
4- 4% system (Reaper + Thrasher) at 1.8 km/h forward speed and 27.4 m/s
threshing drum speed.
5- 5t system (mounted mower + Thresher) at 2.1 km/h forward speed
and 27.4 m/s threshing drum speed.

CONCLUSION
From the results of the presents it can be recommended that:

1- Based on the studied performance and evaluation parameter ;

The highest performance rate was achieved by treatment E (1% system at
4.5 km/h forward speed and 28.9 m/s threshing drum speed) ; The suitable
cutting efficiency was realized by treatments G and H ( 2 system at 1.8
km/h forward speed ) ; The highest cleaning efficiency was achieved by
treatments Q, T and Y( 4" and 5" systems at 35.34 m/s threshing drum
speed); and the lowest grain losses was attained by treatment K (3%¢
system at 1.8 km/h forward speed and 22.7 m/s threshing drum speed).

2- According to the overall cost criterion it can be recommended to use
Multi-purpose combine harvester in wheat harvesting.

REFERENCES

Afify, M. K., A. A. Nada and W. M. Mechail. (2000). Selection the proper
system of planting and harvesting for rice crop. Misr J. Ag. Eng., 17 (2):
388 -400.

Misr J. Ag. Eng., July 2008 AY



El-Awady,M.N., G.H.El-Sayed A.H.Mohamed and l.Yehia. (2000).
Evaluation of Barmel rice thresher. Misr J. of Ag. Eng., 17(3): 719-730.

El-Khateeb, H. A. (2005). A study on performance of axial flow combine
harvester in rice crop harvesting. The 13" Annual conference of the Misr
society of Ag. Eng., 14-15 December 2005: 381-401.

El-Nakib, A.A., Z. Y. Abdel-Lateef, A. A. EI-Messery and A. Khattab.
(2003). Mechanical harvesting losses in rice crop using combine
harvester. Misr J. Ag. Eng., 20 (4): 889-907.

El-Sharabasy, M. M. A. (2007). Total grain losses, energy and cost
requirements for harvesting rice crops mechanically in delta Egypt. Misr
J. Ag. Eng., 24 (1):1-17.

Arnaout, M. A., M. K. Abdel-Wahab and M. M. El-Sharabasy. (1998).
Selecting the proper system for mechanizing grain crops harvesting in the
small holdings. Misr J. Ag. Eng. 15 (1):133-144.

Ghonimy, M. I. and M. N. Rostom. (2002). Tech-economical approach to
combine harvesters evaluation. Misr J. Ag. Eng., 19 (1): 83 — 99.

Kamel, O. M. (1999). Rice harvesting losses utilizing two different
harvesting techniques of Japanese combine. Misr J. Ag. Eng.,16 (4): 237
- 251.

Mohamoud M. A., M. M. El-Sharabasy and M. Kh. A. Khattab. (2006).
Development of feeding device in a Turkish thresher machine. Misr J.
Ag. Eng., 24(2): 235-258.

RNAM 1995. Test Code and Procedures for Agricultural Machinery.
Technical Series 12, Regional Network for Agricultural Machinery
(RNAM) of the United Nations. Philippines. PP: 227 -246.

Oida, A. 1997. Using personal computer for agricultural machinery
management. Kyoto Univ. Japan. JICA Pub.

Omran, M. S. 1989. Comparative Study for Mechanical Methods of Waste
Disposal in Dairy Farms-Free Open System. M Sc. Thesis , Fac. of Ag.,
Cairo Univ.

s ) A1l aal e
i3 Jraalaall i E Y0t (GUMLALS ) 3l By A 38 al) 3y
oAl jean ) sean ol Y O gde) )l B 5y (Y00 ple ) clidadll

Misr J. Ag. Eng., July 2008 AY Y



() paidlal)
ﬂ}bbﬁi!@ﬂ‘dmezﬁjﬁ:ﬂa.b&hbd

*O) S L dana
slan a e DA Gl S A dadlaey Apall Cpe — Y AiSaa 38 pa 8 Al yall 24 Cuy gl
Y L Caia el dbiand jeae 8 1 LEH) ) slas alai dued ST A jad 2 (Y o0V alll
b Al Al i Bl g ¢ mran el )Yl ST e
¢ (Class dominator68S) ual e ¥ s23aie daalall slasll LaSle -)
«(Yanmar CA-760) 4 ssall 3510 &l3 daalal) sbaal) LSl Y
«(Yanmar CA-385) daéd Jiidl ae Jalai Al Zaalal) sbiasl) i8S -F
o+ 415 ( Reaper AR 120) Y15 gaill slas 3 daiadio Al a4y sy ddne -
codlas a2y madll (il jal (Mabrouk) aial) 4las
zadll (Al (Mabrouk) aisall alas (ul all A5 (Posates ) sl ddles 4y g3 Ldiaa -0
odlas d
s 30 LS ¢ il 3o liS ¢ dyia ) 30 LS ¢ ooV Jasa) Al Aidl) puilaall 8 5 alail) ansds o
) el IS g (ASlgionall 28U ¢ o gaal) 8 381 il o ¢ o gaal)
Caa zeadl) slasd sl alail) G Alaliall jlaaS Gladl) las GBS laa) addia) alg
ol oAl g aland) Aldas el S Jordill Calls 5 Al CadlSall  Mlaa (5 gl 5 5 sl all
adina o alily 8 5 sty Hlmall 1aa Y Sl gl 8 2SN 80 ) (il L) lilias
s 5 ASgisall 3 58 6l A0S Lo T yume ASlgunall ALY 5 Jlxdl) ¢ 1aY) Jana (o 5 apiill ules
sl 8 gl

2sh Lo il & gl g

JS aie @iy g (al 2V Badeie daalaldl dliaal) LaSle aladin) die Ciiad oY) Y e lef o)
G gdela/olad «, VY S eladl Jame tefs cul all Jid) jo ey s A Cle )
cAelu/aS £,0 Al de jud) o (al 52 V) aaate dralaldl sliaall 458k Jids dic
4 ) saall A3l i dnalad) Slianll 45SLa 1Y) b Ly «y/a YALQ e Gl 5ol i o g
. dadd ) ae Jales 3 Aeslad) daalad) slaall 23Sk Ll

Baraie daalall dlianll 4aSke Legalie ualadl g ool 11 alail) Juadi vie culS dfia 30lS e Y
e Aglia 5o LS 81 cuslS 5 Jadh Qi) e a1 Anslad) baall £3Ske a3 (gl 2 Y
Ay sl 23l @ Zaaal) slanl) 2aSle Juri

Boalllde) ) —dae ) )l Aig) andy (g j2e *

Misr J. Ag. Eng., July 2008 AYY



‘)_u‘)!\ LS—..‘S:.' a.i)};.d\ :“.J”A:.ﬂ\ <ald wu\ Alaall :%.4.45\.4 e\d;:u.u‘\ Qe Gils CLSH 3elaS L_;J.ci -y
8aaie Aaalal) dliaal) A5Ske Lol daih Jiliadl e Jabam 3l dxaladl slaal) 43SLe 5
laall 3 il Adad) aladi) vie adaill 50 Jil cul€ g ¢ Gl 2 Y)

G5 57N,V il A adlll G small U5 s e Gualaldl 5 ool 5l aUaill alasiin) (3és €
_&i\/evo,Vi u.u\)ﬂ\ dﬁé_)) 3.9).» die

) N aldaill 4y el aldl alail) Jaandis vie IS ZAAY ) gl 8158 Jles) e o
e Jalas ) Anala) dbanll A3kl ) Gl AUl g Loty AU SUaill agly Y0 Ul
Aoyl o Lelp daie dllag (ZY,YV) OLSi Gosnll 28) gl Maa) S8 (atd Jiland)
LAY Y,V Gl Al i j0 de s delu/aS ), A dpdaY)

ol g laall U Mgty cVaaa Ji ol 2 V) saamis daalall aleaal) A0S clgin) 1
U AUl Sy ¢y W &5 4 sina (558 s U5 (LN AU (e S Ly a0
A3l ) alail) e e Gualall g

osalall 5 BN el daill Ay a1 aldaill Juadi vie cilS (Ao luy/dgin) Jaudl Caglss 8-y
o el s el a2 J 00 aldaill |yl s S AUl o5 4 gina (3558 0 9
Aclud)

Olandll G gad) (e 28 5al) A5 L) Taliae Qi) oSS aal) Alaliall jlme aladinly <A
e ) ae dala s ol J8 (ol 2 V) 5aratie dralal) slasl) AaSle Ciia (2a) 4l
O 28 gl Ve Joli ) ASLcaY kil Slea (e B3l 3 aa <l Jad g aiaiall
Sl

Al il gl 7 gAY Sy Al pal) 038 (19

A Al ylaa ) £ sl -

de pudl e al ye Y sarate daalal) dbiaall 1Sk Judid aie S oo Jara el @
¢Efa YA Gl U0 de jugdelu/ oS £,0 Al

¢l Y alaill s vie S alaill 30 S el o

ol 2 de e Gualall g g aUail) sl vie il Al G gead) dildai) 30 liS lef @
‘Lil/e Y’O,Vf

de yudelu/aS YY) o udal) Uil Jiadi aie (S Gl L8 08156l lea) 81 @
_kil/e YV,i u.u\)ﬂ\ dﬁ)dlﬂ:)u}:\:mhi

ol e Y 3axie daalal) dliand) AuSle aladin) ()5S alad) el aniil) Jaleal £ o Y
el slaad i) o

Misr J. Ag. Eng., July 2008 AYY



