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Abstract

The main objective of this investigation is to study and

“evaluate the technical and economical conditions for the

apprepriate performance of a multi-purpose combine harvester for
local manufacturing under Egyptian conditions.

Four different parameters were considered using two different
types of combine harvesters, namely, Yanmar 760 (Crawler type,
2.10m harvesting width and reel type header) and Kader-Cicoria
combine (Wheel type, 2.10m harvesting width and reel type
header ) while harvesting wheat (Sakha 69 variety) and rice (Sakha
101 variety) crops.

1)-The effect of soil compacticn induced by combine harvesters on
physical properties of soil under two different levels of soil moisture
content: 42.55% and 28.81% {(db.), two different weights for
combine harvester (with empty and full grain tank) and two levels
of tire inflation pressure (2.0 and 2.5 bar, for drive Wheel of
Kader-Cicoria combine only, while harvesting rice crop only.

2)- Field capacity and efficiency for both types of combines during
harvesting wheat and rice crops under different forward speeds of
(0.42, 0.69 and 0.94 m/s) for wheat crop and ( 0.33 , 0.60 and
0.78 m/s) for rice crop,

3)- Total grain losses for each combine were determined at grain
moisture contents of (14.70, 17,50 and 20.24%) for wheat crop
and (16.23, 20.91 and 24.85 %) for rice crop.

4)- Harvesting costs indicators were evaluated for both types of
combine harvesters .

The main resuits show the following:

»Wheel type combine harvester at any inflation pressure and soil
moisture content gave the highest values of soil compaction
represented by soil bulk density and soil penetration resistance.

« It could be used at soil moisture less than 40% (at late harvesting).

« lUsing Crawler type combine harvester gave low values of the total
grain losses and total grain damage during harvesting wheat or
rice crops at any combine forward speed and grain moisture
content.

«Crawler type combine gave the highest criterion cost although
it gave the lowest grain losses and damage compared with
Wheel type combine for harvesting wheat and rice crops. The
main reason may be the initial cost of the Crawler type .
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INTRODUCTION

It was noticed that during operation of these machines Wheel traffic caused the
soil to be compacted and the problem of soil compaction due to machinery are more
‘sever in soils with high moisture content specially, when the harvesting equipment
carries several tons of grain in addition to its own weight.

Davies et al, (1972} concluded that Wheel slip proved to be more important
cause of compaction than additional Wheel loading. This effect was more pronounced
with the greater power of tractor. Wheel slip changes as a function of tire size, tire
shape, tire flexibility, inflation pressure, Wheel load, forward speed, soil type and soil
strength (which varies with moisture content). Raghavan et al., {1977) stated that an
increase in dry density of 0.12 g/cm® (50%) and 0.25 g/cm® (100%) was obtained due
to slip in the fieid tests for sand and sandy loam, respectively. The compaction was

_found to be maximum between 15 and 25% Wheel slip and reduced as slip increased.
A further study by Raghavan ef a/, (1978) in a clay soil, They found that the
compaction reached a maximum between 10 and 50% Wheel slip and reduced at
higher slip rates. An increase of dry density. up to 25 g/cm3 occurred to Wheel siip.
Stafford and Mattos, (1981) found that effect of Wheel speed was greater at the
shallow depths, There was no effect of speed at 200 mm depth

Ahmed et al, (1988) found that the average percentage reduction in yield was
11.48, 38.8, 44.35 and 51.6% for treatments compacted with 1, 5, 10 and 15 passes,
respectively by Beylara’s (MTZ-80) tractor in silt loam soil, while, the average
percentage reduction in yield was 12.1, 24.5, 56.5 and 89.8% after 1, 5, 10 and 15
passes, respectively by Ford (TW-15) tractor in sandy clay soil. Siemens, {1989)
indicated that the pressure on the soil in contact with tire is approximately equal to
the tire inflation pressure. For a given lcad on a tire, decreasing the tire inflation
pressure decreases the soil pressure, especially near the soil surface. He also indicated
that the increase in soil compaction due to tire traffic would be greatest when the
moisture content is near field capacity.

Hamad and Abo- Habaga (1990) indicated that using specialized rice combine
harvester (Kubota, Rx -2750) had no effect on soil compaction at soil moisture
contents of 44.6and 47.2 % while the track depth after the specialized one was 2 cm
at soil moisture content of 53%. The track depth after using general harvesting
combine (Deutz-Fahr, M-980) were 4.9 and 13 om after one pass at soil moisture
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contents of 44.6, 47.2 and 53%, respectively. EL-Iraqi, (1991) studied the soil
compaction induced by mechanical harvesters during rice harvesting. His results
recommended that, if rice has been harvésted at soil moisture content higher than
54.319%, it is better to use Crawler type combine harvesters . While, at 42.57% or less
moisture content, Wheel type combines can be used, especially at lower tires inflation
pressure (1.0 bar), keeping the grain tank always near empty.

The main problem caused by soil compaction was restricting root penetration
and proliferation at soil depths higher than 1 foot (30.5cm) during early stages of
plant growth, Alsg, an increase in bulk density and a decrease in root growth were
obtained with increasing the degree of compaction ({(Das 1972 and Eavis 1972).

Chanceller, (1977) indicated that soil compaction could be caused by animal
trampling and pressure and deformation resuiting from traffic, Burger et al. (1985)
reported that soil compaction might be the most damaging factor of the extent of the
area affected and the longevity of the impact. They also concluded that soil
compaction changed bulk density, soil strength and structure, and pore size
distribution. Changes in these factors can adversely affect yield due to restricted root
growth and movement of gases, water and nutrients. Abo-Habaga, (1989) reported
that soil compaction had two forms, the first was artificial and the second was natural.
He showed that soil compaction might be affected by soil type and moisture content,
weight of machine and type of traction device and the number of passes in the field.
Consequently, might affect soil bulk density and strength per size distribution and root
growth. In addition, the compacted soil need higher energy to be prepared for the
next crop and gives lower crop yield,

Kepner ef af (1982) stated that drum effectiveness is related to cylinder speed,
cylinder concave clearance, type of crop and its moisture content. Yunus (1987) stated
that the factors affecting grain losses at harvesting and threshing of paddy are the
travelling speed, grain moisture content, drum speed and plant properties. Dilday
(1987) studied the influence of drum speed and grain moisture content at harvest on
milling yield of grains. Grain moisture content of 12-26% was threshed at drum
speeds of 600 or 1000 rpm showed that the percentage of broken grain virtually was
doubled .

Hassan ef af (1994) indicated that the main effective parameters, which affect

combine header performance, are combine forward speed, cuter bar speed and grain
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moisture content. Helmy ef af (1995) reported that increasing the forward speed

tends to increase the actual field capacity and to decrease the field efficiency.

Kamel, (1999} proved that, all kinds of losses (header, drum, straw walker and

shoe losses) increased with the increase of cutting height and harvesting speed for

both tested combines and three rice varieties .

MATERIALS AND METHODS

The field experiments were carried out at * Rice Mechanization Center (R.M.C)

farm. Meet EL- Deyba, Kafr EL- Sheikh Governorate”. The experiments were

conducted using two types of combine harvesters with general specification as

summarized in Table 1.

Table 1. The specification of Yanmar and Kader-Cicoria combine harvesters

Technical specification

Yanmar / Crawler type

Kader-Cicoria/ Wheel type

Type

CA 760-T

KC 1600

Engine

4 cylinders, diesel enging,
water cooled, 76 hp

4 cylinders, diesel engine,
air cooled, 60 hp

Speed transmission and speed

range

Hydrostatic transmission

(HST) 8-2.3 m/s

Hydrostatic variable,
0-5 m/s

Overall dimensions, mm

Length x width x height

2600 x 2430 x 2650

3200 x 2850 x 2620

Weight, kg 3910 3200
Tank capacity, kg 300 850
Rubber tire Wheel ,
Traction device Rubber Crawler 15.0/55-17
{drive system type) Width x Length {(mm) | Diameterx width {(mm),
5001710 850 x 38
Contact pressure, kg/cm® A
Threshing system Screw rotor Axial flow
Width x diameter {mm) 2170 x 650 1600 x 525
Drum speed / controller 716 / fixed 360-1100 / (puliey)
Cleaning system Suction air and shaking sieve Axial flow
Cleaning area 1.46 m* 0.38 m*
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Measurements

Some of soil physical properties such as: soii moisture content, bulk density
and penetration resistance, track , were measured befare and after passing combine
harvester during harvesting rice crop only. Other measurements such as field
capacity, efficiency, total grain losses and grain damage were taken to evaluate the
performance of both types of combine harvesters as follows:
I-Soif moisture content

The moisture content of the soil was determined using the electric oven method
at (105°) . Soil samples were taken at soil depths of 0-10 ¢m by a screw auger
immediately before cultivation, and the moisture content percentage was calculated
on dry basis using the following equation: )

yoo= ﬂ%x 100
Where:
M = Soil moisture content percentage,
Mw = Wet soil mass {(g),
Md = Dry soil mass (g)

2- Soil bulk density

Soil samples were taken with cylindrical cores (100 cm® volume) at soil depths
of 0-10 cm taken under the center of the tire Wheel or Crawler before and after
passing the combine. The soil buik density was calculated after drying the soil samples
at {105°) accordina to El- Iraqi (1991) using the following equation:

M.y

D=—
Vl
Where:
D = Soil bulk density (g/cm?),
My = Dry soil mass (g),
Vi = Total soil volume (cm®)
3- Soif penettalion resistance
Soil penetration resistance was measured at surface of soil and various
depths below the surface with 5 ¢cm increment up to a depth of 30cm using a
Japanese cone penetrometer, model SR-2 Dik 5500 immediately before and after

passing the combine.
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4- Soil mechanical analysis
To determine particle size distribution, CaCo,, organic matter and soil textural
class of the experimental farm at Rice Mechanization Center, five samples were
collected and analyzed through the depth (0-30 cm). The average of the obtained
data was used as a representative of the experimental soil specification as shown in
the following Table{ 2 ).
Table 2 . Soil mechanicai analysis, CaCosand organic matter.

Clay % | Slit% | (Clay + Slit ) % | Sand % | CaCo:% | Organic matter % | Soil type

53.32 17.63 70.95 29.05 1.3 171 Clay

5- Total grain Losses.
a- Header Losses:

The main effective parameters, which affect the combine header loss, are cutter
bar speed, reel speed, forward speed and grain moisture content. The header loss was
determined by inserting the V-shaped trays between standing wheat plants. After
passing the cutter bar over the trays, the combine harvester was stopped and the
trays are packed. The grains shattered by header were collected in the trays and
weighed. The percentage of header losses was calcuiated using the fellowing

equation:
Header loss, ton! fed «

Total yield, ton! fed

Header loss, % =

b- Rear Losses:

Rear losses includ drum, separation and cleaning losses. Drum loss was
determined by dragging two plastic sheets (10.0 m Length) behind the combine
harvester one above the other. The collected material on the upper plastic sheet
consists of straw, unthreshed and damaged grain (drum loss). The unthreshed ears
were manually threshed and the separated grains were weighed. While, the chaff and
free grains discharged from the drum were weighted {separation loss). These losses

were caiculated using the following equations according to Marey (1997):

Drum loss, ton fed

%100
Totalyield ton/ fed

Drum loss% =

] Separation loss, ton / fed
Separation loss, % = LD - veereeernersenne (5)
Total yield, ton/ fed
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The collected material from the lower plastic sheet was winnowed to get the
free grains (cleaning loss). The percentage of cleaning loss was calculated by using

the following equation:
Cleaning loss, ton/ fed.
Total yield, ton/ fed.

Cleaning loss, % =

6- Grain damage
a-Visible grain damage:

Visible grain damage was determined by separating the damaged grains by
hand from a mass of 50 g sample, which was taken by a randomized method from the
threshed grains. The percentage of grain damage was calculated based on the original
mass of sample.

b-Invisible grain damage:

A germination test was carried out to determine the invisible damage in grains.
The samples of these tests were taken from the remained portion of the visible sample
after separating damaged grains. The germination test was carried out in five petri
dishes on a filter paper, covered with water and incubated at 20°C for 24 hours. The
germinated grains were collected in each dish and expressed as a percentage of the
original number of grains.

7- Field capacity and efficiency:
Calculations of the field capacity and efficiency were according to (Hunt

1983):
a- The theoretical field capacity:
WxS§
F.C, = %) s fed T H i (7)
Where: F.Gy=Theoretical field capacity, fed/h .
W = Theoretical width of combine, m .
) = Average working forward speed, Km/h.

b- The effective field capacity :

FC, = %,fed./h
B s (8)
Where: F.C, = Effective field capacity, fed/h .
Terr
turning time + adjusting or repair time + discharge time).

Effective total time in hours per feddan (actual harvesting time +

I
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c- The Field efficiency:

N = L8 w100, %

FCh s (9)
Where: n.r = Field efficiency, % .
F.C.r= Effective field capacity, fed./h |
F.Cy, = Theoretical field capacity, fed./h .
8- Cost analysis:

The total harvesting cost included the total operation cost and the criterion
cost. The total operation cost was caiculated by estimating both fixed and variable
costs (accdrding to Kepner et al. 1982) for each combine under the operating
conditions, However, the criterion Function cost (&) was calculated to determine the
optimum operating parameter for the machine. This function can be calculated as the
sum of the unit cost (L, LE/ton) plus the losses cost {L¢, LE/ton) (Helmy, 1988).

C,=U,; + L,
Where: L= (107 G,, xT; ) + (0.67xT ¢p ), LE/ton .
Gw = Current price of one ton of grain wheat or rice .
7; = Total grain losses, % ,
Teo = Total grain damage, % .
0.67= Current price of one ton of broken wheat or rice, LE .

RESULTS AND DISCUSSION

1- Effect of combine traffic on soil bulk density :-

The results in Fig. 1 show the average soil bulk density before and after one
pass for both types of combine harvesters at two different soil moisture contents
(42.55% and 28.81% db) and three forward speeds (0.36, 0.59 and 0.88 km/h). At
the highest soil moisture content (42.55%) there was an increase in soil bulk density .
with the Wheel type combine at 2.0 and 2.5 bar tire inflation pressure. The same
trend was found with the Crawler type combine. Similar results were obtained at
28.81% soil moisture content, at lower bulk density.

The results aiso indicated that Wheel type combine at any tire inflation pressure
gave the highest values of soil bulk density, than the Crawler type. This may be due to
the larger contact area of the traction device for Crawler type combine .However the soil
buik density with 2.5 bar Wheel tire inflation pressure was higher compared with 2.0
bar. Since the smaller the inflation pressure the larger the contact area giving less

caontact pressure and compaction of soil.
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Also, from the Figures 1 and 2, it can be cbserved that the increase in combine
weight due to the filling of grain tank causes a slight increase in soil bulk density. This
effect was decreased by decreasing soil moisture content and contact pressure of
combine traction device, at a given tire inflation pressure, increasing the load on the
tire caused the tire to be flattened on the soil surface, so that the pressure will change
between the tire and soil surface could ignored. With respect to the Crawler type
traction, the contact area of the combine with scil is always constant. For a given
contact area, increasing the load on the Crawler, increases the contact pressure on
soil and consequently more compaction. Anyhow, the change in bulk density is very
slight because the weight change is very small compared with the large contact area

of the Crawler as shown in the Fig. 2.
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Fig. 1. Soil bulk density before and after wheel type and crawler type combines
passing, for different soil moisture contents.
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;
el s

A#bl A = 0.78b
Fig. 2. Comparison of contact area hetween Crawler type and Wheel type traction devices.

The analysis of variance showed that the effect of full grain tank on soil bulk
density was significant for the Wheel combine. This is because the fuil capacity of
Yammer's tank is only 300 kg compared with 850 kg for Kader-Cicoria combine
harvester.

2- Effect of combine traffic on soil penetration resistance

The strength properties of any given soil and their change with time can be
determined through the measurements of soil shear strength and penetration
resistance whose values depend to a great extent on bulk density and moisture. The
penetration resistance values are usually employed in characterizing soil in terms of
crop growing ability and in the determination of resistance to root penetration and
seedling emergence.

Fig. 3 illustrates the results of penetration resistance of soil before and after
any traffic movements. These results indicate that as the penetration depth
increases, the soil penetration resistance clearly increases at any given soil
moisture content. Also, with the increase in combine forward speed, the soil
penetration resistance increased.

In génerai, as moisture content decreases (from 42.55 to 28.81%), the soil
penetration resistance clearly increases at any given soil depth under both Wheel and
Crawler traction devices of the combine harvester. It was observed that the use of
Wheel type combine with tires at 2.5 bar inflation pressure gave the highest increase
in soil penetration resistance at all depths up to 30 cm for any given soil moisture

content.
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With respect of the effect of combine weight on soil penetration resistance at
different soil moisture contents, it can be noted that the Wheel type traction device
was found to be more affecting on the soil than Crawler type. The distribution effect
through soil depth will be different in case of Wheel type traffic device than Crawler
type traffic device due to the different contact and pressure area for each device as
shown in Fig. 4. For both type of traction device, an increase in soil resistance was
observed with increasing combine weight due to full capacity of grain tank. This effect
mainly depends on the volume of grain tank. Therefore, the increment percentage in
soil penetration resistance due to full grain tank for Wheel combine was higher than
that for Crawler combine . This is because the full capacity of Crawler combine tank is
only 300 kg compared with 850 kg for Wheel type combine harvester.

3- Effect of combine type and speed on the total grain losses

The total grain iosses of Wheel type combine and Crawler type combine harvesters
including header, drum and cleaning losses were estimated and illustrated in Fig. 5
during harvesting wheat and rice crops.

The maximum value of the total wheat grain losses (4.91%) was obtained for of
Wheel type combine harvester under forward speed of 0.94 m/s and grain moisture
content of 14.70% compared with 4.25% for Crawler type combine under the same
conditions. However, the best conditions (the lowest total grain losses) for both types
of combines were cbtained at 0.42 m/s forward speed and grain moisture content of
14.70 %.

—x— Before —e—-W heal 2.0 bar-Full tank
—8— Crawler-Full tank
—i— Wheel 2.5 bar-Full tank oW hasl 2.5 bar-Emply tank

—o~—Wheel 2.0 bar-Empty tank

13 Crawler Empty tank

Soil pent. Resistance, kglcm?

* Moisture content = 42.55%

12 — — —

0 10 20 30 40

14 v T T
Depth,Em 5 i0 15 20 25 30 35

Fig. 3. Soil peneteration resistance before and after wheel type and crawler
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Fig. 4. Effect of the type of traction device on the soil compaction distribution depth.

The maximum value in the total rice grain losses (5.25%) was aqbtained for
Wheel type combine harvester under forward speed of 0.78 m/s and grain moisture
content of 20.24% compared with 4.43% for Crawler combine harvester under the
same conditions. While, the lowest value in total rice grain losses {2.33%) was
obtained for the Crawler combine harvester under forward speed of 0.33 m/s and
grain moisture content of 14.77% compared with 2.5% for Wheel combine harvester
during harvesting rice crop under the same condition .

The results indicated that using Crawler type combine harvester to harvest
wheat or rice crops decreasing the total grain losses compared with Wheel type
combine harvester at ali forward speeds and grain moisture contents. However, the
percentage of the total grain losses for rice crop was lower than that obtained for
wheat crop. Also, it could be mentioned that increasing combine forward speed and
decreasing grain moisture content increased the total grain losses for both types of
cambine harvesters.

These results may be due to the large threshing and cleaning area for Crawier
combine than that for Wheel combine as indicated in the specification Table 1. in
addition to the differences between the used combine forward speeds during
harvesting wheat and rice .

4- Effect of combine type and speed on the total grain damage

The total percentage of wheat and rice grain damage which include visible and

invisible damage, were greatly influenced by the type of the combine harvester as well

as by forward speed and grain moisture content as indicated in Fig 6.
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The results showed that using Wheel type combine harvester achieved the
highest values of total grain damage (visible and invisible) for wheat and rice crops
while the lowest values were associated with Crawler combine. This trend was due to
the differences in the threshing, cleaning and grain conveying systems between both
types of combine harvester . It could be concluded that the values of total grain
damage increased by increasing combine forward speed and decreasing grain
moisture content for both types of combine harvesters. However, the values of total
grain damage higher with wheat grains than that obtained with rice grains.

The maximum values of the total grain damage of 5.62 and 4.26% were
obtained when using Wheel type for harvesting wheat and rice crops, respectively
under the lowest values of forward speed and grain moisture content. However, the
minimum values of the total grain damage of 2.35 and 1.97% were obtained when
using Crawler type for harvesting wheat and rice crops, respectively under the highest

values of forward speed and grain moisture content



1056 A COMPARATIVE STUDY BETWEEN WHEEL AND CRAWLER COMBINES

——Mc.=t4 THWC ———— M.c.=17 5%Cicoria ——— . =14.7%W.C e A.c.=17 .5%Cicoria
—— M .c.=20.24%Cicoria - --0--=M.c.=147%C.C ————M.C 220 24%Cicoria  ---6---Mo=147%C.C
-e-Oue-Me=17 5%C.C -8 - - Mc.=20.24%C .C se-@---Mes17.5%CC - =do -2 M.C.=20.24%C.C
SR — (B e e et e e
Wheat . | | Rice :
o. 5 u‘\‘ 5
g g
2 2
E 4 'E 4
= =
= a
= =
— 3 [5=s 3 d
2 — T . 2 . r . —
0.2 0.4 0.6 0.8 1 0.2 0.4 15 08 1
Forward speed, ms Forward speed. mss
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5- Effect of combine type and speed on effective field capacity and efficiency

Fig. 7 shows the effect of combine forward speed and type of combine
harvesters on the effective field capacity and field efficiency for harvesting wheat and
rice crops. It could be observed that the values of effective field capacity and field
efficiency of Crawler combine harvester were higher than that obtained for Wheel
combine harvester under the same harvesting conditions of wheat and rice crops. The
effective field capacity increased by 1.85 to 2.90 and the efficiency increased by 0.56
to 0.86% due to the use of the Crawler combine in harvesting wheat crop instead of
using Wheel combine harvester. The increase in efficiency was due to the deecrease
in the lost time in discharging the grain tank for the Crawler combine harvester, in
addition to the saved time in headland turning, adjusting and maintenance of the
combine. However, the effective field capacity increased by 9.66 to 12.73% and the
field efficiency increased by 1.54 to 2.19% when using the Crawler combine to harvest
rice crop compared with Wheel combine harvester,

It could be noticed that the obtained effective field capacity and efficiency for
the two combines were higher when harvesting rice crop than with wheat crop. These
results ware mainly due to the difference between two crops conditions in addition to

the difference in the combine forward speeds and grain moisture contents.
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Fig. 7. Effect of combine type and forward speed on field capacity and efficiency for wheat
and rice crops.
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6- Criterion cost

The total operating cost of harvesting wheat crop ranged from 98.33 to 136.04
LE/fed when using Wheel type combine harvester compared with 151.48 to 214.74
LE/fed for Crawler combine. However, the corresponding operating cost for harvesting
rice crop ranged from 106.53 to 150.21 LE/fed when using Wheel combine harvester
compared with 155.6 to 210.84 LE/fed for Crawler combine.

From these results it could be observed that the Crawler combine gave the
highest values of operating cost in comparison with that for Wheel combine at any
given forward speed. These results may be due to increasing the total yearly hours for
Wheel combine than that for Crawler combine used mainly for harvesting rice and
wheat but the Wheel combine was used as a multi crop combine in harvesting rice,
wheat, barely, sunflower...etc.

In addition, due to excessive wearing in the Crawler compared with the Wheel
especially in harvesting wheat crop where the soil is more dry and cracked which
increased the wearing rate in the Crawler combine due to the large contact area and
frictiona! forces. The cost rate for changing Crawler combine was 10 LE/h compared
with 3.33 LE/h for Wheel combine.

The values of criterion cost for Wheel and Crawler combines which included the
operating cost and the cost of grain losses and damage under different combine
forward speeds and grain moisture contents are summarized in Table 2.

It could be conciuded that, using Wheel combine harvester gave the lowest
values of the criterion cost compared with Crawler combine harvester at any given
forward speed and grain moisture content for harvesting wheat and rice crops. The
criterion cost for harvesting wheat crop was lower that that for harvesting rice crop for
both types of combine harvesters. Also the criterion cost was found to be highly
affected by the forward speed and grain moisture content which affected directly the
grain losses and damage.

The criterion cost values of Wheel ranged from 212.2 to 243.4 LE/fed for
harvesting wheat crop and ranged from 253.9 to 312.7 LE/fed for harvesting rice crop.
However, these values for Crawler combine ranged from 241.9 to 307.9 LE/fed for
harvesting wheat crop and ranged from 271.0 to 357.4 LE/fed for harvesting rice crop.
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Table 2. Criterion cost of Wheel and Crawler combine harvesters under

different forward speeds and grain moisture contents.

Wheel Combine Crawler Cornbine
speed, m/s Moisture content of wheat grains, %
14.7 17.5 20.24 14.7 17.5 20.24
0.42 243.4 213.1 223.9 307.9 279.8 295.6
.69 241.1 204.6 217.9 281.8 252.0 265.3
0.94 236.0 199.2 212.2 271.0 241.9 257.1
Moisture content of rice grains, %
16.23 20.91 24.85 16.23 20.91 24.85
0.33 253.9 277.5 312.7 307.6 324.4 351.4
0.6 235.2 265.9 305.0 275.0 298.3 329.3
0.78 235.1 269.2 3125 271.0 292.3 329.4
CONCLUSION

*» The Wheel type combine at any tire inflation pressure and moisture content, gave
the highest soil compaction than Crawler type. At 28.81% soil moisture content,
the Crawler combine had no effect on compaction. Also, increasing the inflation
pressure of tires significantly increases the compaction of the soi.

» Using Crawler combine harvester results in decreasing the values of the iotal
grain losses and the values of the total grain damage during harvesting wheat
and rice crops, compared with Wheel combine harvester under all grain moisture
contents and forward speeds .

s The obtained values of effective field capacity and efficiency for Crawler combine
harvester was found to be higher than that cbtained for Wheel combine harvester
by 1.85 to 12.73% and by 0.56 to 2.19% for field capacity and efficiency,
through harvesting wheat and rice crops, respectively

» Using Crawler type combine gave the highest criterion cost although this combine
gave the lowest grain losses and damages compared with Wheel type combine
for harvesting wheat and rice crops.

e It is recommended to consider the Wheel type combine for local manufacturing
due to the lowest criterion cost, multi-crop harvesting and its slight effect on soil

compaction.
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