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ABSTRACT

The objectives of the present study are to evaluate and to select the most
proper header for harvesting rape-seed crop. Field experiments were conducted at
Sakha Agricultural Res. Center, Kafr EI-Sheikh Govermorate during the winter season
of 2005 using rape-seed crop {Darakar). Experiments were carried out by using two
different types of reel namely: (tine and bat reels) to determine the effect of reel speed
index, seed moisture content and drum speed on combine performance (header,
drum, shoe. rake losses & total losses, and total seed damage), field capacity,
machine productivity, energy requirement, operating and criterion function costs were
estimated.

The minimum values of energy requirements reached 325.17 and 343.27

M.J/fed at drum speed of 15.36 m/s, seed moisture content of 12.63% and reel speed
index of 1.57 for tine and bat reels, respectively.
On the other hand, the criterion function cost showed that tine reel recorded the
lowest values compared with bat reel under all conditions. The minimum values of
criterion function cost was 573.20 L.E./ton which obtamed at reel speed index of 1.57
and combine forward speed of 3.54 kmv/h.

The results showed that tine reel was strongly recommended for its. good
performance. However, it gives the lowest values of header loss, total losses, energy
requirements and criterion function cost. The optimum operating conditions are at reel
speed index of 1.57, drum speed of 19.20 mfs and seed moisture content of about

15.27%.
INTRODUCTION

Qil crops are considered one of the important sources of nutrition for
millions of people all over the world. As raw material, it is used in the
manufacturing of different products such as; artificial butter oil, soap-
gelercine. sweets. In addition. the residues of cil crops are used in forage
concentrates manufacturing which is considered an important sources for the
development of poultry and animal industry.

In Egypt. 1.129 000 ton of cil is consumed annually but till now
production is only 153 000 ton. This means that production is only about
13.55% of all cur needs and import about 86.45% (Oilseed situation and
outlook 2002). Qilseed rape (Canola) area, yield and production in Egypt
during season 2004 was 1627 fed, 0.752 ton/fed and 1224 ton, respectively
(Agricultural ministry pamphtet. 2006). The great importance of this crop and
the great loss and damage during harvesting makes it necessary to have a
study on harvesting oilseed rape.

Hunt (1983) stated that, the time of harvesting with combmes is a
major decision for the machinery manager. The amount of losses reached to
13.5 kg/ha each day of delay in harvesting soybean. In the same manner,
{Saad et al 1993) compared between two combine harvesters Deutz Fahr
M/980 as a multi-purpose and Fortschritt E/512 as specialized. The
timeliness coefficient for harvesting crop is 6 kg/fed/day at harvesting oilseed
rape. The header losses reached to 50% from the total combine losses.
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There are five losses relating to the combining of the grain: a) shatter
loss: grain laying on the ground or out of reach of the cutter bar, b) cutter bar
loss: grain lost due to rough handling by the cutter bar, ¢} threshing loss:
grain lost out the rear of the combine in the from of unthreshed heads, d)
separating loss: grain lost cut the rear of the combine in the from of threshed
grain and. e) cleaning loss: loss in value of the crop due to the presence of
foreign matter in the grain tank (Hunt, 2001).

Lotfy ef al. (2002) found that by using combine harvester (case-
International 1620), increasing forward speed from 1.8 to 4.8 km/h increased
header losses from 3.7 to 9.9, 4.10 to 10.2, 4.40 to 10.80 and 9.8 to 14.9% at
seed moisture content of 22.6, 184, 163 and 11.2% respectively. By
decreasing seed moisture content from 226 to 11.2% tends to increase
header losses.

El-Shazly {1991) noticed that with increasing the drum speed from
700 to 900 rpm under fixed value of 3mm cencave clearance and 15.5%
grain moisture content, the unthreshed grain percentage was decreased from
2.5 to 0.8, respectively and the grain damage percentage was increased from
25 to 35%, respectively for rice crop. Also, (El-Behiry et al. 1997) found a
positive effect on grain damage with increasing the drum speed from 500 to
800 rpm. On the other hand, the unthreshed grain losses increased linearly
with increasing drum speed under different grain moisture content.

Threshing efficiency, seed damage percentage and threshing
capacity decreased by increasing moisture content and the best of moisture
content of 15% gave the lowest seed damage and seed losses (El-Beba
2001).

Szot et al. (1995) collected sample from harvested rapeseed from
field crops by a standard combine harvester to determine the effect of the
speed and settings of the mechanism on seed damage. Damage at a rotor
speed of 600 rpm was around 4%, increasing to around 14% at 1000 rpm.
This confirms that if higher rotor speeds are needed to achieve threshing,
seed damage is likely to result.

Mohamed and Mohamed (2004) Showed that, the terminal velocity of
oilseed rape was 7.23 mfs. The productivity of the designed machine
increased by increasing of cylindrical sieve siope angle of 7 degrees and
increasing of fiat sieve speed up to 0.88 m/s. Also, the maximum value of
cleaning efficiency of 99.85% at cylindrical sieve slop angle of 7 degrees and
flat sieve speed of 0.88 m/s.

Morad and Arnaout (1994} found that, the fuel consumption (I/fed)
decreased by decreasing combine power and increasing unit area. The
small-combine (23.5 kW) consumed minimum amount of fuel about 6.41 l/fed.
The objectives of the present study are to evaluate and to select the most
proper combine header for harvesting oilseed rape crop.

MATERIALS AND METHODS

The present study was carried out during agricultural season of 2005
at the experimental farm of Sakha Agric. Res. Station in an area of about two
feddans. Two different types of combine reel were used namely: Metal reel
bats and reel tines. Both two reels are used in Allis-Chalmers Gleaner F2

4052



J. Agric. Sci. Mansoura Univ., 34 (4), April, 2009

combine harvester. The two proposed reels were used for harvesting oilseed-
rape. Technical data and specifications are indicated in Table 1 and Figure 1.

1. Reel 2. Cylinder 3. Thresher wing beater
4 Raddle 5. Bin 6. Separator beater

7. Tank B. Shoe 9. Sieve

10. Chaffer 11. Faise bottom 12. Transverse fan

13. Feeder baaler 14, Header conveyor

Fig. 1: Combine harvester (Gleaner F2 Allis-Chalmers).

Tests were carried out at four different ratios of reel peripheral speed to
forward speed (reel speed index) of about 1.13, 1.35 1.57 and 1.86
(corresponding to 0.43, 1.00, 1.54 and 2.03 m/s reel peripheral speed and
1.38, 265, 3.54 and 437 km/h combine forward speed) and three drum
speeds of 600 (15.36), 750 (19.20) and 900 rpm (23.04 m/s) at three different
levels of seed and (straw) moisture contents of 12.63 (16.21), 15.27 (20.04)
and 19.15 (24.32%). Some physical properties of ocilseed-rape are shown in
Table 2.

1- Miscellaneous equipment: a) Measuring tape, b) Electric oven, c) Square
frame, d) Long sheet of canvas, e) Balance and f) Photo-Sensing
tachometer to measure the rotating speed for both threshing drum and
reel.

2- Combine losses: The total losses of the combine were those occurred in
the field during harvesting operation such as header loss and losses from
the rear of the combine harvester (drum loss, shoe loss and rake loss).

a) Header losses:

The header losses were determined by inserting three V-shaped
collecting trays with dimension of 100 cm length = 50 cm width = 10 cm
height between plant rows. When the combine header (cutter-bar and reel)
passed over the trays, the combine harvester will be stopped and packed.
The materials shattered by the header were collected from the trays and then
weighed. The percentage of header loss were estimated by using the
following equation (Hassan et al. 1994).
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Table 1: Combine specifications:

Model, Name, Made:; Gleaner F2, Allis-Chalmers, U.S_A.

Dimensions:
Length, mm 7196
Width, mm 2842
Height, mm 3312
Weight, kg 5235
Engine:
Power, hp (kW 95 (70.9)
Fuel tank capacity, lit 265
Header sizes:
Length, m 6.1
Height Hydraulic
Sickle stroke, mm 83
Reel type Metal 5 bats and reel tines
ylinder:
Type Rasp bar
Diameter, mm 489
Width, mm 852
hresher housing:
Concave Closed bottom \.bviat:qss steel channel
Concave door Spring loaded latch
Concave bottom Swing down
Concave area, cm 3394
Transition area, cm? 4639
[Separator: :
Straw walker type Closed bottom- Extendabie
Number 4
Width, mm 254
Length, mm 2286
Area, cm’ 26030
Chaffer sieve;
Type ~ Adjustable
Width, mm 1034
Area, cm’ 11260
Shoe sieve;
Type Transverse- dual outlet;
Width, mm 991
Diameter, mm 279
Speed, rpm 1000
Grain tank:
Capacity, m* 2.82

Table 2: Some physical properties of oilseed rape variety Darakar

Seed Seed .
No. of hPi_anl Nad | pog dimension, mm | dimension, | e Seed S.lraw Grain
sample aight, ba;sh mm e vield, yield, strgw
em Length| Widlh [Trares|Length] Dameer| seed) | ko/fed. | kgffed. | ratio
1 161 8 634 | 456 | 2851 240 | 2.03 [ 417 | 1386 2918 (1:2.11
2 170 9 564 1 492 296 | 233 | 1.98 | 3.91 1297 2826 |1:2.18
3 165 7 7231413 7269 | 257 | 207 : 420 | 1436 3078 [1:2.14
4 157 8 816 | 319 | 261 | 265 | 211 | 412 ] 1376 2791 ]1:2.03
5 173 9 750 | 3.85 | 267 | 261 | 209 | 3.85 | 1429 2953 11:2.07
Mean |165.2| 82 [69.76} 413 | 276 { 2.51 [ 2.06 | 405 | 1384.8 | 2013.4 {1:2.11
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Total header loss. kg/fed
X

Total yield, kg/fed

b) Rear losses (drum loss, shoe loss and rake loss):

-Threshing loss was determined by dragging two canvas sheets (10.0
m/length} at the rear of the combine one above the other. The upper sheed
collected unthreshed seeds (drum loss) straw and threshed seeds. The
unthreshed seeds were threshed, cleaned and then weighed. The percentage
of drum loss was calcuiated by using the following equation:

Drum loss. kg/fed
x 100

Toral yieid. kg/fed

- The free seed collected from the upper canvas represent the shoe loss. The
percentage of shoe loss was caiculated according the following equation:

Shoe loss, kg/fed
x

100 (M

Total headerloss,(Hy ) =

Drumloss. (D ) = {2)

100 (3)

Shoeloss.(SL) =
Total vield. kg/fed

- At the same time the material collected from the lower canvas include the
free seed discharged from the sieves (rake loss). The percentage of rake loss
was calculated by using the following equation:

Rake loss, kg/fed
x
Total vield. kg/fed

Rake loss (R L ) = 100 {4)

-Total losses: was calculated by using the following equation;
H L +D L + SL + R L

Toal losses. % = ——x100 : (5)

Where:

HL = Total header loss, kg/fed.,
D, = Drum loss, kg/fed.,

S, = Shoe loss, kgffed.,

R = Rake loss, kg/fed.,

Ty = Total grain yield, kg/fed.

3- Total seed damage {visible and invisible):

a) Visible seed damage: !t was determined by separating the damage seed
by hand from a mass of 100 grams the samples were taken randomly
from the threshed seed. The percentage of seed damage was calculated
as follows:

Mass of damaged seed i
Seed damage_{%a) = = x 100 {6)
Mass of sample

b} invisible seed damage: A germination test was carried out using Petri
dishes. The samples of these tests were taken randomly after separating
the damage seed (visible damage). One hundrad seeds were put in Petri
dish on a filter paper, covered with water and incubated at 25° C for 24h,
the germinated seeds were collected from each dish and expressed as a
percentage of the original number of seed.

Total seed damage, % = (Visible seed damage, % + invisible seed damage, %) ----(7)
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4- Power requirement:
The following formula was used to estimate the power requirements
according to (Barger, et al., 1979)

P FC( ! ) LCV.x427x x X E x I kW (8)
= X X —_— S sms e ———
e00) F T ot Tm X T 5
Where:
P = Power requirements, kW,
£C = Fuel consumption rate, I/h;
pr = The density of the fuel, 0.85 kg/l;
LCV = Lower calorific value of fuel 10000 kcal/kg,;
427 = Thermo-mechanical equivalent, kg.m/kcal;
nw = Thermal efficiency of engine, 35% for diesel engine, and
nm = Mechanical efficiency of engine, 80% for diesel engine.
5- Specific energy:
Specific energy was calculated by using the following equation:

Power requirement, KW
Specific energy = ,kW.h/ton (9)
_ Machine productivity ton/h
8- Operation costs:
The cost of machine work was calculated by using the following formula
(Awady, 1978):
C =Pl (1a +f2 +t+r1) + (1.2 W.S.F) + m/144 (10)
Where:

= Hourly cost, L.E/h;

= Price of machine, L.E;

= Yearly warking hours, h;

= Life expecting of the machine, year;

= Interest rate /year ratio;

= Taxes, overheads ratio,

= Repairs and maintenance ratio,

= Power, hp;

= Specific fuel consumption (Ilhp h);

= Fuel price, L.E;

= Operator monthly salary L.E./h;
12 = A factor to take lubrication and greasing into account and
144 = The monthly average working hours.

7- Cost analysis:

The total harvesting cost was calculated as the sum of fixed and
operating costs for each type of header. The criterion function (C,) was
calculated as the sum of unit (Uc) plus the losses cost (L) using the following
equation (Helmy, 1988).

IMRsS"T T TeTTO

Ci= U+ L, (L.E.fton} (11)
Where:
Le =107 C,, (T, + 0.50 Tp), {(L.E./ton).
Ce, = Current price of one ton of cilseed rape in 2005 (1300 L.E./ton).
T = Total grain losses, percent.
To = Total grain damage, percent.
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RESULTS AND DISCUSSION

1. Header loss:

Figure 2 shows the effect of reel peripheral speed tc forward speed (reel
speed index), reel type (tines and bats reel) and seed moisture content on
header loss. It can be mentioned that, increasing the reel speed index from
1.12 to 1.68 tends to increase the header loss from 8.29 to 11.42, 6.41 to
9.43 and. 4.34 to 7.50% for tine reel at seed moisture content of 12.63, 1527
and 19.15%, respectively. Meanwhile, it was increased from 10.34 to 13.25,
8.45 to 11.50 and 6.41 to 9.95% for bats reel at the same above mentioned
seed moisture contents. These may be attributed to higher shattering
occurred with higher reel speed index and high impacts of cutter-bar and reel.
In general bats reel gave the highest values of header loss among the two
reels where higher impacts of bats reel was observed.

On the other hand, decreasing the seed and straw moisture content from
19.15 (24.32) to 12.63% (16.21%) tends to increase the header loss from 7.5
to 11.42 and 9.95 to 13.25% for tine and bat reels, respectively. These may
be due to over maturity of seed which other wise increases seed shattering.
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Fig. 2: Effect of reel speed index, seed moisture content and reel types

_on header loss.

2. Drum loss: _

Figure 3 iustrates the effect of drum speed, reel speed index and seed
maisture content on drum loss. it can be stated that, increasing drum speed
from 15.36 to 23.04 m/s tends to decrease drum loss from 3.10 to 2.36, 4.19
to 3.25 and 4.58 to 3.93% at reel speed index of about 1.68 and seed
moisture content of 12.63, 156.27 and 19.15%, respectively. These may be
due to repeated impacts by cylinder bars at higher drum speeds.
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Fig. 3: Effect of reel speed index, drum speed and seed moisture
content on drum loss,
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Also, increasing the reel speed index from 1.13 to 1.68 tends to increase
drum losses at all experimental parameters where, it increase from 2.03 to
3.10, 2.96 to 4.19 and 3.61 to 4.58% for seed moisture content of about
12.63, 1527 and 19.15%, respectively. This observations may be due to
more dense of rape crop at higher reel speed index.

In the same manner increasing the seed moisture contents tends to
increase drum loss at all drum speeds and reel speed index. The highest
values were noticeable at seed moisture content of about 19.15% and they
reached 3.07, 3.31, 3.64 and 3.93% at reel speed index of 1.13, 1.35, 1.57
and 1.68, respectively. These results may be due to the difficulty of detach
the pods from rape crop.
3.8hoe loss:

The obtained results showed in Fig. 4 indicated the relation between
shoe loss, reel speed index, drum speed and seed moisture content. It can
be stated that, increasing the reel index from 1.13 to 1.68 tends to increase
shoe loss from 1.72 to 2.16, 1.80 to 2.27 and 1.85 to 2.35 at seed moisture
content of about 12.63% and drum speeds of 15.36, 19.20 and 23.04 m/s,
respectively,

o263 o15.27 M1iP.159%0 M.C

30 1% 76 mds O 5. 3.0 IV BA i BN,

Saecdoss, &

1.13 135 LS5F 168 113 135 157 1es 113 LIS 1LY 16%
Reed sperd inder Rerl specd sndex Fleel cpeed iuden

Fig. 4: Effect of reel speed index, drum speed and seed moisture
' " content on shoe loss.

This increase may be due the increase in feed rates whereas the air flow
is insufficient to break up conglomerates grain and chaff.

in the same manner, increasing drum speed from 15.36 to 23.04 m/s
slight increase in shoe loss was occurred. The reason for that, increasing the
drum speed tends to increase the broken straw and chaff on the sieve, which
other wise increase the shoe loss. Similar results reported by Kepner et af,
(1982).

Results indicated in the above mentioned Figure gave the following
values of shoe loss: 2.16, 1.90 and 2.50% were obtained with seed moisture
contents of about 12.63, 15.27 and 19.15%, respectively at reel speed ratio of
1.68 and drum speed of 15.36 m/s. The other drum speeds and reel speed
gave the above menticned trend.

4. Rake loss:

Fig. 5 demonstrates the effect of drum speed, reel index and seed
moisture content on rake loss. It can be mentioned that reel speed indexes of
about 1.13, 1.35, 1.57 and 1.68 gave the following values of rake loss: 0.71,
0.82, 1.05 and 1.17%, respectively at drum speed of 15.36 m/s and seed
moisture content of 12.63%. The other drum speeds and seed moisture
contents had the same above mentioned trend. It is evident that for ali drum
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speeds and seed moisture contents, the rake loss increased by increasing
reel speed index.- The reason is due to the exponential decrease of concave
rake efficiency with increasing the feed rate, that tends to increase rake loss.
Similar results have been obtained by Wang et al., 1988.

The obtained values of rake loss were found to be 0.71, 0.68 and 0.55%
with drum speeds of about 15.36, 19.20 and 23.04 m/fs, respectively and
seed moisture content of about 12.63%. However, for all forward speeds and
seed moisture content increasing the drum speed tends to decrease the rake
loss. This attributed to increasing the centrifugal force by increasing drum
speed, that tends to decrease rake loss.

m12.83 o 15.27 o 19.15% M.C

13.20 =iz 0.3.{ 3.0 23.04 niz D3
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Reat zpred index Reel spevd index Raeet spacd index
Fig. 5: Effect of reel speed index, drum speed and seed moisture
content on rake loss.

It is clear that the seed moisture contents of about 12.63, 15.27 and
19.15% gave the following values of rake loss: 0.71, 0.70 and 1.50%,
respectively at reel speed index of 1.13 and drum speed of 15.36 m/s. the
other drum speeds and reel speed indexes had the same above mentioned
trend,

5. Total losses: :

Dealing with the effect of reel speed index, drum speed and seed
moisture content on total losses Fig. 6. It was found that, increasing the reel
speed index from 1.13 to 1.68 tends to increase the total losses from 12.34 to
17.08, 10.58 to 15.47 and 10.92 to 16.10 at drum speed of 23.04 m/s and
seed moisture contents of about 12.63, 15.27 and 19.15%, respectively for
tine reel. However the values of total losses increases from 1523 to 17.88,
12.46 to 15.04 and 14.14 to 16.75% at the same above mentioned drum
speeds and seed moisture contents for bats reel.

At the same time, increasing drum speed decreases the total losses and
this may be due to the decrease of unthreshed pods {drum loss) at all
conditions. However, decreasing the grain moisture content from 189.15 to
12.63% increases the total seed losses from 16.02 to 17.63 and 11.52 to
12.75% at drum speed of 15.36 m/s and reel speed index of 1.13 for bat and
tine reels, respectively. It can be mentioned that, bat reel gave the highest
values of total seed losses compared with tine reel under all tested
conditions. '
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Fig. 6 : Effect of reel speed index, drum speed and seed moisture
content on total losses for tine and bat reels.
6. Total seed damage (visible and invisible): _

Figure 7 shows the effect of drum speed, reel speed index and seed
moisture content on total seed damage. it is obvious that, increasing the
drum speed from 15.36 to 23.04 m/s leads to increase total seed damage
from 4.55 to 6.25, 2.65 to 3.70 and 3.81 to 4.78% at reel speed index of
about 1.13 and seed moisture contents of 12.63, 1527 and 19.15%,

respectively. :
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Fig. 7: Effect of reel speed index, drum speed and seed moisture
content on seed damage.

Hence, the increase in ree! speed index from 1.13 to 1.68 tends to
decrease the total seed damage from 4.55 to 3.02% at drum speed of 15.36
m/s and seed moisture content of 12.63%. These attributed to the greater
density of the layer of material passing between the cylinder and the concave
bars at high feed rate in terms of higher reel speed index apparently provides
mere of protection for the seeds, thereby reducing the probability of repeated
impacts by cylinder bars (Kepner et al,, 1982).

in the same manner, results alsc showed that seed moisture content
above or below 15.27% increases the total seed damage. The highest value
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of total seed damage was 6.25% which obtained from seed moisture content
of 12.63, drum speed of 23.04 m/s and reel speed index of 1.13.
7. Energy requirements:

Table 3 indicates the effect of drum speed, reel types and seed moisture
content on the energy requirements. It is clear that, the increase of drum
speed from 15.36 to 23.04 m/s leads to increase the energy requirements
from 325.17 to 373.58, 377.51 to 439.85 and 427.67 to 479.75 MJ/fed at
seed moisture contents of about 12.63, 15.27 and 19.15%, respectively, for
tine reel. However, they were increased from 343.27 to 396.45, 395.36 to
462.73 and 445.05 to 502.36 MJffed at the same mentioned above seed
moisture content and bat reel.

The obtained values of energy requirements showed that, the highest
values were obtained by using bats reel under all conditions. The highest
mean value reached 502.36 MJ/fed was obtained by using drum speed of
23.04 m/s and seed moisture content of 19.15%,

Table 3: Effect of drum speed and seed moisture content for two

different types of header
Drum - Energy requirements, MJ/fed.
speed, [ines reel _Bats reel
mis Seed moisture content, % Seed moisture content, %
12.63 15,27 19.15 12.63 15.27 19.15
15.36 32517 | 377.51 427.67 34327 | 395368 | 445.05
19.20 347.45 398.32 | 448.34 365.74 | 419.51 470.28
23.04 37358 439.85 | 479.75 396.45 | 462,73 | 502.38
* Each value represents the average of the values obtained at for reel speed indexes.

8. Harvesting costs:
Resuits listed in Table 4 showed that, increasing the forward speed from
1.38 to 4.37 km/h tends to increase both the effective filed capacity from
1.537 to 2.809 fed/h and the machine productivity from 2.06 to 3.615 ton/h,
respectively. Moreover, the same increase in forward speed reduces the
total operating cost by 43.02%. Results in the same Table indicated that, the
lowest criterion function cost were 373.20 and 390.75 L.E./ton obtained was
reel speed index of 1.57 and forward speed of 3.54 km/h for tine and bat
reels, respectively.
Table 4: Effect of reel speed index on performance efficiency operating
cost and criterion function cost for tine and bat reels
IMean values of|Mean vaiues of|Mean values of|[Criterion cost, (L.E.ton)

Reel

Forward .
speed mach, prod., |operating cost, Eff. fieid .
index |°Peed: km/h ton/h LEfton |capacity, fed/n| Tinereel | Batreel
1.13 1.38 2.060 345.15 1.537 508.95 539.37.
135 2.65 3.249 218.84 2.461 391.94 418.20
1.57 3.54 3.828 185.74 2.933 373.20 390.75
LLBS 4.37 3.615 196.68 2.809 384.01 .} 407.74

* Each value represents the mean of the values obtained at reel speed index of 1.35.

Conclusion

From the above resuits, it can be concluded that:

1. Bat reel gave the highest values of energy requirement where it reached
502.36 MJ/fed at drum speed of 23.04 m/s and seed moisture content of
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19.15%. However the lowest value reached 325.17 MJffed with drum
speed of 15.36 m/s and seed moisture confent of 12.63% with tine reel.

2. The lowest values of energy requirements reached 325.17 and 343.27
MJrfed at drum speed of 15.36 m/s, seed moisture content of 12.63%
and reel speed index of 1.57 for tine and bat reels, respectively.

3. The minimum criterion function costs were 373.20 and 390.75 L.E./ton
obtained at reel speed index of 1.57 and combine forward speed of 3.54
km/h for tine and bat reels, respectively.

4, Tine ree! is strongly recommended since it gives lower header loss and
total losses.

5. The optimum operating conditions are at reel speed index 1.57, drum
speed 19.20 m/s and seed moisture content of about 15.27%.
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