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ABSTRACT: The investigation was conducted on the Busatls

double-knife rear mounted BM 1102 mower to be modified, to
increase its operating efficiency depending on horizontal flat
conveyor belt to cover some of the problems facing the mower
~ operation and to reduce the labors cost needed for carrying away the
harvested crop from the next tractor lane. To increase cutting
efficiency of the mower and protecting the harvested crop from
damage under tractor wheels during the next run and decreasing the
total grain losses during operating time, minimizing power
requirements and minimizing the high direct cost. The performance of
the modified rear mounted mower will be influenced by stem
moisture content, mowing forward speed, knife velocity, and
developed flat conveyor belt velocity, so it was evaluated by
calculating the cutting efficiency, total grain losses energy
requirements, height of cut residue under different moisture levels.
“In respect to harvesting operation. :

Key words: Development , reciprocating mower, harvestmg, cereal
crops, energy , cost.

INTRODUCTION harvesting wheat, barley, beans

The prospects of agricultural and other crops. This investigation

engincering  technology  are was carried out to modify the
considered as means of minimizing Busatis double-knife rear mounted

labor equipment increasing yield, BM. 1102 m:ower to improve i,
and reducing cost. Furthermore in cutting efficiency, increase field
Egypt. Researchers did their best to capacity, decrcase grain losses,

. . -achieve maximum utilization
operation - for different crops. ) . .
Reciprocating mowers are used in efficiency of the limited capable of
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harvesting and cutting more than
one crop under Egyptian conditions.
This will encourage using mowers
most suitable for Egyptian farm
conditions to harvest various crops
to decrease harvesting time and
cost also, overcoming the shortage
of hand labour and increasing of
their wages in Egyptian field. This
is due to harvesting operation is
sensitive agric. process for a
particular crop should be carred
out started and completed in a
certain time. Devani and Pandey
(1985) listed the advantages of
vertical conveyor -

A)The plants are conveyed in the
vertical position, gathering and
collecting of  standing crop
towards the machine is
achieved without the panicles
coming into contact with the
moving parts of the machine,

and this may the help in.

minimizing  the

losses.

shattering

B)The crop is conveyed in vertical
position under control and taid
on the ground in a clear
windrow  maintaining  the

direction of tiller perpendicular -

or direction of travel.

Arnal (1990) provided an over
view of the conventional combine
harvester with separate sections
covering its major working
components and the necessary

modifications  for = harvesting
alternative crop such as maize, sun
flower, oil seed rape, soybean,
lentils, and Lucerne. A section on
shaking systems considers hops
grain  pans  aerators  rotary
separators double flow and multiple
cylinder systems. Recent
developments and in innovations
in grain harvester technology are
highlighted along with the use of
straw distributors and choppers
electronic equipment in the cap
and modifications for improved
working on sloping grand.

Pirovani and Pozzolo (1992)
found that the cutting system of
self-propelled combines wears out
rapidly when harvesting logged
rice with low efficiency, the aim of
solving both of these problems a
double cutter bar with 3 and 4
inches blades was designed and
tested. The performance of the cutter
bar was perfectly satisfactory in rice
while in low density forage crops it
was not possible to achieve
adequate cutting. Chung et al,
(1995) investigated the cutting
mechanism of the reciprocating knife
of a combine harvester. The cutting
operation of the reciprocating knife
was demonstrated through the
cutting pattern diagram drawn by
computrr graphics. Various kinds
and dimensions of standard
reciprocating knives were analyzed
by the developed program for the
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50 mm standard. Reciprocating
knife the bunching area and the
maximum stalk-deflection
decreased rapidly according to the
increase of cutting velocity. The 76
mm standard knife showed a better
cutting mechanism that the 50 mm
in respects the large cutting area
per stroke and the lower revolution
speed of the crank shaft for the
same cutting velocity.

Mahrous (1995) carried out a
study to improve the rear mounted
mowers widely used in Egyptian
agricultural. A conveying belt for
improving the performance was
designed and tested comparing
with the rear mounted mower
without modification under actual
field conditions. Results show that
the average field capacity was about
1.025 fed./h. for the rear mounted
~ mower without modification while it
increased to 1.18 fed/h for the same
mower after modification. David
(2000) mentioned that harvesting
machines are nothing new. Indeed
in their simplest from-basic hand
tools such as shaft and blade they
date back to when humans first
grew crops for food the shaft and
blade then developed into its
ultimate from the scythe this long
handled too! with its sweeping
blade is so effective that it is still
in use today in environments such
as reed marshes where machine
can not operate. Sincc those early
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times, agricultural mechanization has

brought about: massive
improvements in productively.
Early machines were simple

cutting devices, which were horse
drew in and ground driven-that is
the power for the mechanism was
provided by a ground wheel
Finger bar mowers designed
around this time and have proved
so effective on dry unit angled

crop. Suitable crops for this kind
-of challenge are maize grass and

wheat. Each  has  different

harvesting characteristics.

- MATERIALS AND
' METHODS

Many problems was facing the
use of original mower. These
problems as follow: -

1. . High cost of labors needed for
carrying away the harvested
~ crop from the next tractor lane.

- 2. Decreasc field capacity, cutting

and ficld efficiency of the
mower according to the
difference  between - mower
velocity and effort of 1abors.

3. Exposing the harvested crop
for damage under tractor
wheels during the next run.

So, this work was concentrated
on study the developed horizo:.tal
flat conveyor belt manufactured to
over-come the above problems of
the Busatis double-knife rear

~mounted BM 1102 mower and
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also, to increase field capacity, and
cutting efficiency of the mower
according to the difference between
mower velocity and decreasing the
total grain losses of operating time,
the power requirements and
minimizing the high direct cost. The
performance of the modified rear
mounted mower will be influenced
by stem moisture content, mowing
forward speed, knife velocity, and
flat conveyor belt velocity.

This study was conducted on the
Busatis double-knife rear mounted
BM 1102 mower, (Figs. 1 and 2),
to be modified, to depend on
horizontal flat conveyor belt for
improving its harvesting efficiency.
The experimental field work was
executed at the farms of Gemmiza
Research Station- Gharbia Govern-
orate-Egypt in the field grown with
wheat and barley of three feddan
crops (Gemmiza 9 and Balady 16

Fig. 1. The rear-mounted mower before

modification (B) 4

Khalil, et al.

varieties respectively) through two
successful seasons of 2004 and
2005.

Materials
Tractor

Nasr model has 46.26 kW, mass
3370 kg.

Machine before Development

Mower

Bustatis BM mower 1102
model,

Knife: reciprocating motion,

150 cm width, cutting space 7.6
cm, stroke 7.6 cm.

Machine after Development

1. Horizontal flat conveyor belt
was used to cover the problems
of the original mower. One
parallelogram chassis of 108
cm width, 176cm length and
20 cm high.

modification (A) and after
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Fig. 2. Schemes for rear-mounted mower and flat conveyor belt

2. Two drums of 7em diameter and
120 cm width per each
3. Flat conveyor belt of 372cm

length, 108cm width, - and
0.7cm thickness .

4. Two plates of 176 cm length,
108¢cm  width, and 02
thicknesses. :

5. Two wheels of 25 cm diameter
and fixed in the rear of flat
conveyor belt to adjust its high

-upper the surface of soil and to
easy its motion on the land. The
total mass of developed device
85 kg

e

Transmission system

The motion is transmitted from
tractor to the mower by means of -
P.T.O shaft, pulleys and V-belt.
Four pulleys, divided into, main
driver pulley of 20 cm diameter to
transmit motion from P.T.O, three
pulleys transmit motion from knife
crank to gears of flat conveyor
be:’. Universal Joint Yoke to
transmit motion from P.T.O to rear
mounted mower and flat conveyor
50 cm length. -
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There are two wheels have a
diameter of 25 cm and fixed in the
-rear of flat conveyor belt to adjust
its high upper the surface of soil
- and to ease its. motion on the land.
The knife takes its motion from
tractor P.T.O shaft by pulleys and
V-belt. The main driver pulley of
20 cm diameter, fixed on the end

of shaft linked with P.T.O of

tractor, and different three driven
- pulleys are fixed on the end of
crank shaft having 25, 20 and 15
cm diameter to produce 405, 540
and 675 rp.m respectively, to
. transfer the motion from tractor
P.T.O to knife and gears of flat
conveyor belt. These pulleys
connected by V-shape belt that has
110 e¢m length. There are ten
straight spur gears, one used as
driver straight spur gear having an
outside circle diameter 8 cm and
18 tecth while; the nine others used
as driven gears at three mentioned
velocities of knife shaft (405, 540,
and 675 rp.m) each of them
reduced the velocity to 180, 230
and 280 r.p.m respectively. -

The main treatments used in
this study were as follow:

and Stem Moisture
Content (Percentage)

Three levels of gramn and stem
meisture contents (Mc percentage)
have been considered. For wheat
crops were 19.61, 16.44, 14.36 and

Khall, et al.

15.21, 12.52, 10.43% for grain and
stera respectively. For barley crop,
18.45, 15.12, 13.61 and 14.35,
11.73, 9.75% for grain and stem
respectively.

- Mowing Forward Speed (m/s)

- The harvesting process was
performed at four levels of forward
speeds (F) 0.69, 0.97, 1.25, and 1.66
m/s, for wheat and barley crops. The
speeds were adjusted by the stop
watch and the throttle lever.

Knife Velocity (m/s)

The knife velocity (Vk) were’
set and adjusted by tachometer
device. The knife velocity (Vk)
used during the study for wheat and
barley were 1.03, 1.37, and 1.71
m/s. '

Belt Velocity (m/s).

Three levels of flat conveyor belt
velocity (Vb) have been used. These
flat conveyor belt velocities were
180, 230, and 280 r.p.m that mean
0.65, 0.84 and 1.03 m/s respectively.

The = field experiments were
designed to test the effect of the
developed mounted mower in respect
to operating conditions such as stem
moisture content, tractor forward
speed (m/s), flat conveyor belt
velocity (m/s) and knife velocity
{(m/s) on the mounted nower cutting
efficiency, grain losses, and energy
requirements. These measurements
were measured and estimated as
follow :



Zagazig J. Agric. Res., Vol. 36 No. (1) 2009

Cutting Efficiency

Cutting efficiency -

formula according to Hanna and
Suliman (1986) as follow:

Ha-Hb
— X
Ha

Fe=

LC= UUMINg SITicIency (Vo)

Ha= Height of plant stand above
the soil before cutting in cm,.

Hb= Height of the stubble after
cutting (height of cut) in em.

Grain Loss by Shattering:

‘The grain falling on the ground
measured by means of square
meter markers in the harvested
ficld due to the cutting action of
the cutter bar. Samples were
estimated at each rotating and
forward speed by weighing the
grain left on the ground aﬁer
harvesting.

Energy Requirements (PR)

The following formula was
used to estimate the power
according to Embab'y (1985).

EP= Fc(6 YPFxLCVx 427 xn,x1n,,

X
x —-l—x W (3 2)
75 1.36
where;

Fc = the fuel consumption = L/h,
P.F= the density of fuel, kg/L (for
solar = 0.85).

was
“calculated by using the following

. 427=thermomech,
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L.C.V=Lowér calorific value of

fuel (k.cal’kg) average
L.C.V of solar is 10000
- k.Cal/kg).

T = thermal efficiency of engme
to be about 40% for diesel
engine).

equivalent,
kg.m/kcal.

= mechanical efficiency of the
engine, to be 80 percentage
for diesel engine).

The required Power

So, the encrgy requircment in

(kW.h/fed.), was calculated as
follow:

' _ the requiregower(kW)

" Actualfieldcapacity(fed/h

KW hi fod -—me(3.3)

Criterion Cost

- The following ecquation of
Awady (1978) was taken into

" account to calculate the cost per

hour for two different types of
transplanting machine determine

C-_-% (-% +é +a+r)+(&9WxeU)+b

(0.9% x F x U.)+ b (34)

Where: '
C=Cost per hour of operation.
L.E/h.
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P=Estimated price of the machine
L.E.

h=Estimated yearly hrs. operation
(450 h).

L~lL.ife expectancy of machme (10
years).

i = Annual interest rate (10%)

a=Annual taxes and overheads
(2%)

r = Annual repair and maintenance
- (18%) 0.9= factor for rated
load and lubrication

w = Engine power, hp.

F=Specific  fuel consumption
L/hp.h.

U = Fuel price L.E/L.

b = Hourly labor wage L.E/h.

RESULTS AND
DISCUSSION

Field experiments were carried
out to evaluate the effects of stems
moisture content, mowing forward
speed, knife velocity, and conveyor
belt velocity treatments, used with
the developed Busatis double-knife
rear mounted BM 1102 mower of
each crop under study harvesting
Barley (Balady-16) and Wheat
(Gemmiza-9) comparing with mower
before development.

Effect of Operational Factors on
. Cutting Efficiency

Data illustrated in Tables (1, 2)
shows that increasing forward
speed, knife velocity, conveyor belt
velocity and stem moisture content
decreased cutting efficiency. It was

~velocity - for

Khalil, ef al.

noticed that at stem moisture content
of 15.21 %, knife velocity 1.03 m/s
and conveyor belt velocity 0.65 m/s
increasing forward speed from
0.69 to 1.66 m/s decreased cutting

- efficiency from 96.84 to 96.35 %

and from 96.72 to 96.26 % for wheat
and barley crops respectively. It is
obvious that increasing forward
speed tends to decrease the cutting
efficiency; this is due to decrease
of chance for the knife to accomplish

" cuiting action thoroughly. Such as,

for the same conditions of stem
mojsture content 1521 % and
mowing forward speed 0.69 m/s and-

conveyor belt velocity 0.65 m/s,

increasing knife velocity from 1.03 to
1.71 m/s decreased the -cutting
efficiency from 96.84 to 95.51 % and

" from 96.72 to  95.39 %, for wheat

and barley crops respectively. This
result means that, the optimum knife
increasing  cutting
efficiency was achieved at knife
velocity (1.03 m/s) This behavior is
due to that the high knife velocity
means less chance of cutting action
added to scattering of the crop

* -containing percent of uncut crops.

These data indicated that for the
same stem moisture content,
mowing forward speed and knife
velocity increasing the conveyor
belt velocity decreased the cutting
eliciency and there was a negative
relationship between the conveyor
belt velocity and the cuttmg
cfficiency.



Table 1. The cutting efficiency (%) for the developed mower at the tested stem moisture content (%),

forward speed (m/s), knife speed (m/s) and'co_nveyor belt velocity for wheat crop (Gemmiza 9).

Via : Via

Vis

Treatments
Vi Vi Vi WMV, Vi

Via

W.M

Vi

Viz

Vis

WM

Mean

F, 9684 9571 9557 9488 9571 95.49
F, 9678 9551 9528 9441 9562 9535
F; 9654 9512 9509 9424 9533 9521
F. 9635 9505 94.95 9411 9513 95.04
F; 97.01 9597 9581 9497 96.62 96.24
F, 9689 9588 9561 09475 9647 96.11
F, 9667 9574 9541 9431 9634 96.01
Fo 9647 9566 9511 9427 9612 - 9584
F, 9725 9691 9674 95.66 96.69 96.57
F, 97.05 9678 9641 9518 96.58 96.42
F; 9678 9651 9628 9512 96.62 96.38
Fo 9674 9621 9607 9527 9637 9620
Mean 9678 9592 95.69 9476 9613 9591

Mc1

Me,

Mc;

9527
95,05
95.08
94.61
96.07

95.74

95.57

C 9521

96.41
96.32

- 96.06
96.14

95.63

94,33
94,17
94.09
94.01
95.09
94.66

- 94.64

94.31
95.39
95.47
95.07
95.22
24.70

95.51
95,34
95.07
94.88
96.33
96.24
96.11
96.04
96.58
96.40
96.41
96,07
95.92

9520

95.14
94.85
94.64

96,20

96.08
95.94
95.49

96.33

96.11
96.14
05.84

95.67 .

95.12

95,02

94.67
94.45
96.01
95.98
95,44
95.17
96.20

96.01

96.03
95.72
95.49

94.22
94.09
93.89
93.55
95.08
94.59
94,31
94.24

95,34

95.11
95.05
94.88
94.53

95,33
95.15
94,93
94,73
95,95
95,75
95.54
95.33

96.34°

96.15
96.04
95.89
95.59

6007 (D “ON 95 ‘104 “say 213y °r S12p3nz

" & F (m/s) = Forward speed, MC (%) = Moisture content, VK (m/s) Knife velocity, Vb (m/s) Belt veloc1ty, W.M = Without

modification

(YA
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Table

2. The cutting efficiency (%) for the developed mower at the tested stem moisture centent (%),
forward speed (m/s), knife speed (m/s) and conveyor belt velocity for barley crop (Balady). .

Ti‘eatments

Ve

bl

- W.M

Vi

Viz

Vis

W.M

- WM

Mean

Mc1

Me,

MC3

F
F;
F,
R
'F,
F3
Fy
F,
F;
F3
Fy

' Mean

96.72
96.65
96.42
96.26
96.99
96.79
96.56
96,36
97.16
96.98
96.67
96.62

96.68

94,77
94.32
94.15
94.00
94.88

94,65

94.23
94,16

- 95,55

95.08
95.02

95.16:.

94.66

95.62
95.51
95.23
95.03
96.53

96.38
196,23
96.01

96.58
96.47

96.52
96.27 .
96.03

95.39

95.25

95.10

94.96
96.13
96.01
95.91
95.74
96.47
96.33

' 96.28
96.10

95.81

95.17
94.94
94.97

94.53

95.94

95.63

95.46

95.10 "

96.30

96.21

95.94
96.03
95.52

19422

94.06
93.98
93.91
94,90
94.55

94.51
94.21

95.29
95.37
24.93

95.12

94.59

95.39.

95.23
94,93

94.77

96.22
96.12
96.01
95.91
96.47
96.28
96.32
95.93
95.80

94.12
93,97
93.79

93.44
94,92

94.49
194,22

94.14

95.23
95,01
94,96
94 72
94,42

9522

95.04
94.82
94.63
95.84

95.65

95.44
95.22 -
96.24
96.05
95.93
95.79
95.49
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At stemn moisture content 15.21
%, knife velocity 1.03 m/s and
mowing forward speed 0.69 m/s,
increasing conveyor belt velocity
from 0.65 to 1.03 m/s decreased
the cutting efficiency from 96.84
to 95.57 %.and from 96.72 to
95.47 % for wheat and barley
crops respectively. It is interested
to know that, the highest cutting
efficiency (97.25 %) and (96.72
%) were recorded at the lowest
stem moisture content (10.43 %).
Whercas the lowest cutting
efficiency (94.22 %) and (94.35
- %) were remarked at the high stem
moisture  content (15.21%) for
wheat and barley Crops
respectively. This can be explained
by the fact that, more moisture
content obliges the stem- to
bending decrease the chance of
cuiting. Also, one can said that
increasing cufting efficiency afier
modification than before
modification with nearly 2% that
getting developed . mower more
efficiency.

Effect of Operational Factors on
Grain Losses - :

Data illustrated in represents Tables
(3, 4) shows the effect of studied
factors on the grain losses. It is
noticed that, increasing forward
speed, knife velocity, conveyor belt
velocity increased grain losses and
there was a direct . relationship
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between them. While increasing
stem moisture content decreased
grain losses and there was an indirect
relationship between them, Such as,
at same conditions of stem moisture
contertt 15.21 %, knife velocity 1.03
my/s and conveyor belt velocity 0.65
m/s increasing forward speed from
0.69 to 1.66 m/s increased grain
losses from 5.23 to 5.81 % and at
moisture  content 1521 % and

-mowing forward speed 0.69 m/s and

conveyor belt velocity 0.65 m/s,
increasing knife velocity from 1.03 to
1.71 m/s increased the grain losses
from 5.23 to 8.94 % and from 4.91 to
581 for wheat and barey crops
respectively.  These data indicated
that at the same conditions of stem
moisture content 15.21 %, knife
velocity 1.03 m/s and mowing
forward speed 0.69 m/s, increasing
conveyor belt velocity from 0.65 to
1.03 m/s increased the grain losses
from 5.23 to 7.62 % and from 4.91 to
7.33 % for wheat and barley crops
respectively. These data indicated
that, the highest grain .- losses
(10.35%) was recorded at the lowest
stem moisture content (10.43%).
Whereas- the lowest grain losses
(5.23 %) was found at the highest
stem moisture content (15.21 %).
These results ¢ccurred due to the
fact of increasing the strength band
of “stalks at the largest stem
moisture content.



Table 3. The grain losses (%) for the developed .mower at the tested stem moisture content (%), forward
speed (m/s), knife speed (m/s) and conveyor belt velocity for wheat crop (Gemmiza 9)

Vg Vi Voo WM Vo Vi Vs WMV Vi, Vi WM

Fy 5.23 624 7.62 811 560 615 730 857 611 726 8.35 894 712

Treatments Mean

F2 5.36 6.36 782 825 572 631 746 871 631 746 851 901 = 7.27

M F, 569 771 809 836 590 657 761 88 651 759 8.60 925 757

3 F, 581 792 825 859 593 668 779 891 668 768 879 936 770
;; F, 596 704 834 868 611 676 786 900 679 778 890 947 .72
5_ Me, B0 713 846 874 626 685 791 906 68L 786 892 968 78l
| F; 615 726 858 885 635 701 800 911 692 791 B899 974 791
F, 623 732 863 89 642 790 812 924 702 801 904 982 806

F, 601 741 871 902 651 712 821 936 716 812 911 990 805

e Fr 611 751 888 911 662 719 830 9.42 720 829 925 1000 3816

F; 623 762 889 9.8 679 725 842 961 732 832 935 1025 827

Fi 642 771 890 924 681 737 860 969 7.41 841 9.41 1035 836

Mean 5.94 727 843 876 625 693 797 913 685 7.89 894 965 7.83
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Table 4. The grain losses (%) for the developed mower at the tested stem mmsture content (%), forward
speed (m/s), knife speed (m/s) and conveyor belt velocity for barley crop (Balady).

Treatments Ym - Via Vi Mean
Vie . Ve Vig WM Vy Vi Vg WM Vi Vi Vi WM '

F, 491 58 733 778 531 58 7.00 826 581 696 805 861 681

- F 507 - 606 751 794 541 601 704 840 603 717 822 875 698
e Fy 538 742 773 806 563 627 730 858 622 728 838 893 127
F, S52 761 794 829 565 637 748 8.62 6.39 7.37 849 9.04 740

F, 563 672 801 820 581 645 7.58 870 651 746 8.61 923 '_ 7.41

F, 576 - 681 815 831 595 657 7.63 878 655 755 863 937 7.51

Mer F;, 58  7.00 827 853 606 674 776 884 668 7.61 869 932 7.6l
F; 601 711 836 864 615 761 779 891 674 776 875 948 178 ,

F, 578 713 842 867 624 681 791 905 682 786 881 958 776

. F, 58 722 85 875 633 689 8.00 911 693 7.9 896 971  7.86
MO R, ss2 733 855 884 649 695 815 933 702 801 904 996 797
F, 612 742 863 891 652 7.08 833 939 712 811 911 10.05 ‘s.”07_

Mean 565 698 813 841 596 663 7.67 883 657 7.59 865 934 1.3

6007 (I) "ON 95 194 “s2Y Dudy r Sppivg

o144
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 Required Encrgy for Wheat and
Barley Crops Harvesting

Data illustrated in Tables (5, 6)
indicated that the actual field
capacity for the  mechanical

harvesting was two times more than -

of the manual harvesting, Also, it is
clear that the mechanical harvesting

saves up to nearly 48% of the -

required time of the harvesting
operation. Also, it is obvious that the
mechanical harvesting operation
consumed nearly 20 times the
energy consumed in manual
_ harvesting by labors (men). In fact
these big differences in the consumed
energy could be accepted with
satisfaction due to the high quality
perform-ance of developed mower,
when compared that with that of the
labors, since the mower always kept
regular spacing between windrows
and always kept a rapidly mowing
of crops. ‘

Cost of Manual and Mechanical
Harvesting

The values of hourly cost,
werel6.16 and 4.95 L.E/h. of tractor
and mower respectively. While, the
highest values of harvesting cost

with manual harvesting (250L.E./ -

fed) and the cost values of
mechanical harvesting were 88.03,

68.19, 55.52 and 46.46 L.E/fed for

harvesting wheat crop at forward
speed of 0.69, 0.97, 1.25 and 1.66
m/s respectively, and this values

Khalil, ef al.

were 72.83, 57.00, 46.86 and 39.05
L.E/fed for harvesting barley crop
at the same previous conditions. It
obvious that the developed mower
save nearly 3 times from manual
and before modification cost at
recommended forward speed.

‘Conclusions

According - to the obtained
results,- it can be concluded that
increasing field capacity, cutting
efficiency and field efficiency of
the mower. The factors affecting
the quality work were forward’
speed, knife velocity, conveyor
velocity and moisture content.

The main results of the present
study could be summarized in:

1.The developed horizontal  flat
conveyor belt is considered a
new technology especially under
Egyptian conditions.

2. The optimum conditions for
wheat and barley harvesting that
obtained symmetric (positive
effect) between  independent
variables, economic cost is straw
of - wheat and barley moisture
content 10.43 % and 11.75 %
respectively, mowing forward
speed 0.6%9 m/s, knife velocity 1.03
my/s, and developed flat conveyor
belt velocity 0.65m/s.



Table 5. The energy requirements (kW.h/fed) for the developed mower at the tested stem moisture content (%),

forward speed (m/s), knife speed (m/s) and conveyor belt velocity for wheat crop (Gemmiza 9).

Treatments Yu Vi : Vi . Mean
Vi Ve Vis WM Vi Vi Vg WMV Vo Ve WM
F, 19.68 21.64 2380 19.01 20.68 21.52 22.99 2023 21.21 22.81 23.68 2112 21.53
_ CF, 2158 2308 2432 1887 2121 2272 2351 2049 21.86 23.48 24.07° 2124 2220
Me F, 2211 2350 2510 1940 22.16 24.03 24.42 2077 2246 2389 24.05 2197 22.8
F, 2239 2452 2570 1971 2352 2498 2677 2135 2320 2431 2548 2229 23.69
F, 1901 2074 22.63 17.24 1999 20.85 22.04 1871 20.64 22.06 22.67 20.14 20.56
F, 1976 2076 23.7 1811 2109 2121 2263 19.17 2071 2264 2310 2046 2107
Ma F, 2080 21.55 2348 1887 21.86 22.19 2375 19.63 21.65 23.11 23.89 2060 21.79
F, 2053 2220 2389 1943 2293 2299 2494 2034 2212 2314 2372 2072 22.33
F, 1779 1920 2156 1741 19.06 1997 2126 1817 1978 2124 2241 1865 1971
F, 1948 2019 2201 1731 2053 21.01 2232 1859 2003 2128 22.64 1919 20.38
Mes F, 2041 2106 21.82 17.81 21.65 2215 2374 1910 2L11 21.97 22.86 19.14 2107
F, 2075 2028 2242 18.63 2236 2315 2454 1936 22.05 2312 24.04 1961 2078
Mean 2045 2164 2333 1848 2142 2223 23.58 19.66 2140 2275 2355 2043 2158

23.55
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Table 6. The energy requirements (kW.h/fed) for the developed mower at the tested stem moisture content

(%), forward speed (m/s), knife speed (m/s) and conveyor belt velocity for barley crop (Balady).

Vi Vi Vi \
Treatments Mean
Vi Viz Vis WMV, .th_ Ve WM V, 'V Vs WM

F, 1862 2063 2290 1806 19.63 2056 2193 19.02 2023 2183 22.64 20.11 20.52

e B 200 B30 12 2023 2176 281 19.41 20.84 22.64 23.08 2023 21.20
"R 2110 251 2412 1846 2013 2304 2335 1946 2163 2291 2301 2095 2178
F, 2132 2235 2476 1872 22.56 23.92 2549 2036 2219 2338 2441 2126 22.56

F, 1806 19.66 2153 1623 1996 1936 21.07 1776 19.67 21.64 2163 1911 19.68

| P, 1871 1972 2213 1742 2006 2013 2161 1816 19.82 2169 2213 19.56 20.07
Mo b l9m 2086 15 17.83 2084 2017 2299 1834 20.69 2216 2284 1963 2077
Fo 2053 2123 2291 1853 2195 2196 2391 1935 2134 2264 2278 1975 2141

F, 1678 1826 2053 1652 1808 1893 2023 1716 1876 2034 2141 17.96 1875
 F, 1846 1906 2L03 1639 1956 2006 2136 17.59 19.08 2038 2163 18.16 19.41
Mo B 1943 2008 2083 1682 2053 2116 2276 18.16 2061 2092 21.69 1834 20.11
F, 1951 2026 2143 17.62 2183 2213 2351 1834 21.06 22.06 23.09 1863 20.79

Mean 1941 2053 2233 1751 20.53 2122 2254 1858 20.49 21.88 22.53 1947 20.59
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