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ABSTRACT: The experimental studies were carried out mainly
for threshing wheat crop (Sakha 69 variety) to determine the effect
of drum rotating speed, feed rate, and crop moisture content on
machine performance, threshmg efficiency, total grain losses,
consumed energy and total' cost requirements. The obtained data
revealed that the minimum grain losses and threshing efficiency were
1.83% and 99.87% respectively at drum speed of 26.75 m/s (700
rpm), grain moisture content of 11.7% and feed rate of 1.08 Mg/h.
The minimum consumed energy rate was 10.23 kW.h/Mg at drum
speed of 17.20 m/s (450 rpm), grain moisture content of 11.7% and
feed rate of 1.68 Mg/h. The minimum threshing cost was 37.29
L.E/Mg at drum speed of 26.75 m/s (700 rpm), grain moisture
content of 11.7% and feed rate of 1.68 Mg/h.

Key words: Moisture content, drum rotating speed, feed rate,
threshing cost, consumed energy rate.

farmers obliged to harvest wheat
INTRODUCTION crop using hand method and using
Wheat crop is an important crop  stationary thresher for threshing
in the world, and the most due to high cost of combine
economical crop in the harvester and high straw remaining
international income. Wheat is in field. Therefore, increasing the
considered the primary wheat yield is important to
strategically food crop for human increasing national income. Also,
and animals in Egypt. About 1.8 reducing grain losses during
million feddans of wheat crop are harvesting and threshing
cultivated annually. In Egypt, most operations is very important to
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increase total grain yield. There are
many factors affecting the
threshing machines performance
such as drum speed, feeding rate
and grain moisture content. So, the
optimum conditions for operating
stationary thresher are necessary to
maximize machine efficiency and
minimize total grain losses, energy
consumed and  total  cost
requirements for threshing
operation. Ghaly (1973) found that
the un threshed wheat grain losses
and the grain loss in tailings
decreased with the increase of
cylinder speed and decrease of
whole diameter. He noticed that
the wvisible and invisible grain
damage increased exponentially
with the increase of cylinder speed.
On the other hand visible damage
increased  slightly with the
decrease of whole diameter. El-
Banna (1979) showed that
increasing the cylinder speed
decreased the un-threshed wheat
grain losses exponentially and
increased the visible and invisible
grain damage. The results
indicated that un threshed heads
was under 10% and visible grain
damage was 11.5% at cylinder
speed 1020 rpm. Tandon et al
(1988) indicated that the moisture
content has a significant effect on
threshing efficiency and invisible
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grain damage. The effect of
concave clearance and cylinder
peripheral speed, though
numerically, was significant at 5%
level. Mishra and Desta (1990)
reported that the threshing
efficiency increases with an
increase in cylinder speed for all
feed rates and cylinder-concave
clearances. The maximum
threshing efficiency of 99.9 % was
obtained at the lowest feed rate of
6 kg/min, and cylinder speed of
500 rpm (12.6 m/s), minimum
threshing efficiency of 98.3% was
found at lowest cylinder speed of
300 rpm (7.5 m/s), and feed rate of
10 kg/min. This is because at a
higher speed the energy imparted
to the ear head and grain increases
causing higher threshing
efficiency. The reason for lower
threshing efficiency at higher feed
rate, cylinder-concave clearance
and at lower speed is because of
the cautioning effect between the
cylinder-concave clearance and the
low impact force at low cylinder
speed. Alaa (1994) found that the
relation between consumed power
and moisture content for wheat
grain was direct relationship,
where by increasing the moisture
content from 14 % to 18 %. The
power increased from 7.552 hp
(5.5 kW) to 8.16 hp (6 kW) when
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feed rates 600 kg/h and cylinder
speed of 750 rev/min (25 m/s). El-
Behiry et al. (1997) found that the
~optimum conditions for threshing
the wheat were. Drum speed
ranged from 700 to 800, to
increase the machine productivity
and avoid high ratio of losses.
Percentage of grain moisture
content ranged from 10 to 12 %.
Lotfy (1998) studied the effect of
_ moisture contents in wheat grain at
three levels of (14.8, 12.4 and 11.2
%) and also three levels for straw,
(10.5, 9.1 and 7.3 %). They named
M1, M2 and M3 respectively. The
decreasing the moisture content
from M1 to M3 at drum speed of
36.11 m/sec, un threshed grain
ratio decreased from 1.3 to 0.64 %
and the threshing efficiency
increased from 98.7 to 99.36 %.
The best results were at M3. The
grain damage ratio increased from
1.23 to 1.56 %. El- Sahrigi et al.
(2000) found that the experimental
results showed that performance of
AMRI Th2  thresher after
modification is better than before
modification and gave a threshing
capacity of 1542 kg/h, cleaning
efficiency of 98.31%,total losses of
1.89% and criterion cost of 17.09
L.E/ton at feed rate of 5400 kg/h.
Before modification, it had a
threshing capacity of 950kg/h, a
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cleaning efficiency of 91.7%, total
losses of 1.06% and criterion cost
of 210 L.E/ton. Mahmoud et al.
(2007) found that the energy
requirements of 18.26 and 18.92
kW.h/ton before and after
development was obtained at
material feed rate of 1100 kg/h,
drum speed of 27 m/s and grain
moisture content of 19%.

So, the Objectives of this study are:

- Selecting the proper physical
conditions of threshing wheat
crop such as, grain moisture
content.

- Selecting the proper operating
parameters such as drum
rotating speed and feed rate.

- Determination physical and
operational parameters affecting
threshing process in respect to
grain damage, grain losses, un
threshed losses, threshing
efficiency, power and
consumed energy rate and total
cost for threshing operation.

MATERIALS AND
METHODS

Materials

The main experiments were
carried out through two successful
agricultural seasons of 2007 and
2008 in a private farm at Diarb
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Negm, Sharkia governorate for
threshing wheat crop to determine
the physical and mechanical
parameters affecting thrashing
process such as grain moisture
content, drum speed and feed rates.

The wheat crop

The threshing operation was
carried out on wheat crop variety
Sakha-69. The following
specifications were taken under
five groups, each group contains
ten wheat plants. Some of physical
specifications for wheat variety
Sakha-69 are shown in Table (1).

Threshing machine

The specifications of wheat
threshing  machine are  as
following:
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Made in Turkish
Prime mover Belt
Crop feeding

Method of feeding Manual
Height of feeding (cm) 165
Threshing drum

Type of drum Spike tooth
Diameter, (cm) 73
Length, (cm) 120
No. of fingers 44

No. fingers/row 11

Distance between towll
fingers (cm)

Table 1. Some of physical specifications for wheat variety Sakha-69

Plant Weight_ of Weigh.t of Percent of Percent Grain/

Sample No. length, straw in seed in straw, (%) of seed, S.traw
(cm) sample, (g) sample, (g) (%) ratio, (%)

Group(l) 99 190 225 0.457 0.542 1.186:1

Group(2) 91 187 208 0.473 0.526 1.120:1

Group(3) 93 185 218 0.462 0.537 1.162:1

Group(4) 96 182 223 0.449 0.550 1.225:1

Group(5) 98 185 235 0440 0.559 1.272:1

Total 477 929 1106 2278 2714 5.965:1

Mean 95.4 185.8 221.2 0.455 0.542 1.192:]
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Tractor

The specifications of tractor
transmitted the power to the
threshing machine through pulleys
and flat belt are as following:

Model Universal 650 M

Made in Romania

Engine cycle  Four cylinder,
four strokes

Engine fuel Diesel engine,

hydraulic system
Engine (hp-kW)77 hp (56.6 kW)
PTO Revolution540 — 1500
(rpm)
Mass (kg)
Methods

The experimental studies were
carried out mainly to determine the
effect of drum rotating speed, feed
rate, and crop moisture content on
machine productivity, threshing
efficiency, total grain losses,
consumed energy and total cost
requirements. The  following
variables were investigated:

2700 -3000

Drum speed

Three rotating speeds were
adjusted 17.20, 21.02 and
26.75 m/s (450, 550 and 700

rpm).
Feed rates
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Four levels of feed rate 18, 22,
25 and 28 kg/min.

Grain moisture content of the
crop

Three levels of grain moisture
contents 11.7, 14.2 and 17.6% for
grain. The grain moisture content
was determined on dry basis using
the oven method at 105 C° for 24
hours according to ASAE (2003).

Measurements

Total grain losses

Wi
Total grain losses = —=x 100 (3 1)

Wi
Where:
W= Weight of grain losses
with the straw, gm.

W, = Total weight of grain, gm.

Un threshed losses

Un.G
Un threshed losses = x 100 (3.2)
T.G ’
Where:
Un.G = Weight of un-threshed
grain, gm.

T.G = Total weight of grain, gm.
Grain damage

x 3-3

Grain damage =
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‘Where: }
‘W4 = Weight of grain damage, gm.

W = Weight of threshed grain
in sample (grain out put), gm.

Machine productivity

Machine productivity = g x 100 (3.4)
T

Where:
Q= Weight of threshed materials, gm.
T = Time of threshed, h.
Threshing efficiency

w
Threshing efficiency = — x 100 (3 5)
Wt
(Desta and Mishra, 1990)

Where:

W = Weight of threshed grain
(grain output),gm.

W= Total weight of grain,gm.
Power

To estimate the engine power
during threshing process, the
decrease in fuel level is accurately
measured immediately after each
treatment. The following formula
was used to estimatc the
corresponding used engine power
(EP) according to (Hunt, 1983).
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1
fiof — |P.ExL.CMc427xmqy,
3600,

FP= w|.(3.6)

1 1 1
XM X X7 X

75 7T 136
Where:
f.c.= Fuel consumption, L/h.

P.E = Density of fuel, kg/L (for
diesel =0.85)

L.V.C = Lower calorific value of
foul (kcal’kg).

(average L.C.V. of diesel is
10000 kcal/kg)

Nab= Thermal efficiency of the engine.

(considered to be about
35% for diesel engine)

427=Thermo-mechanical
equivalent, (kg.m/kcal).

Nm = Mechanical efficiency of the
engine.

(considered to be about
80% for diesel engine)

Consumed energy rate
Consumedenergyrate =

Enginepower kW

, kW.h/ton '_(3_7)
Machineproductiviy ton/h

Threshing cost

The total cost of threshing
operation was estimated using the
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following equation, (Awady et al.
1982):

Threshing cost, (L.E/ton) =
Operating cost + Grain losses

Operating cost was determined
using the following equation:

Operating cost =

Machineost,L.E./h

Machineproductiviy, Mg/h
(3.9)

Machine cost could be determined
using the = following equation
 (Awady 1978):

Machine cost

Pl i m
=" 1T+ Ht+r O.Qv.s}#—,
h\a 2 144

Where:

C = Hourly cost,P? = Price
L.E/h. machine, L.E.

h = Yearlya = Life
working hours,expectancy of the
h/year. machine, h.

i = Interest rate/FF =
year. L.E/.

t = Taxes, overr = Repairs and
heads ratio. maintenance ratio.

,L.E./Mg

L.EA

of

Fuel price,
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m = The0.9 =  Factor

monthly averageaccounting for

wage, L.E lubrications.

W = EngineS = Specific fuel

power, hp. consumption,

I/hp.h.

144 = Reasonable estimation of

monthly working hours.
RESULTS AND
DISCUSSION

Total Grain Losses

The total grain losses affected
with many parameters such as
material feed rate, threshing drum
speed, grain moisture content,..etc.

The total grain losses are the
sum of chaff losses, un-threshed
and broken grains during the
threshing operation.

Effect of material feed rate on
total grain losses

Concerning the effect of
material feed rate on the
percentage of total grain losses,
results obtained in Fig. 1 shows
that increasing feed rate from 1.08
to 1.68 Mg/h under constants drum
speed 17.20 m/s (450 rpm) and
various grain moisture contents of
11.7, 14.2 and 17.6 % increased
the percentage of total grain losses
by 26.57, 32.04 and 33.33 %
respectively. Also results obtained
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Fig. 1. Effect of feed rate on total losses % under different grain
moisture contents and different drum speeds
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in Fig. 1 shows that increasing
feed rate from 1.08 to 1.68 Mg/h
under constants drum speed 21.02
m/s (550 rpm) and various grain
moisture contents of 11.7, 14.2 and
17.6 % increased the percentage of
total grain losses by 18.61, 24.62
and 23.43 %, respectively.

Also results obtained in Fig. 1
shows that increasing feed rate
from 1.08 to 1.68 Mg/h under
constant drum speed 26.75 m/s
(700 rpm) and various grain
moisture contents of 11.7, 14.2 and
17.6 % increased the percentage of
total grain losses by 7.57, 12.15
and 14.89 %, respectively. The
increasing in the percentage of
total grain losses by increasing
material feed rate are attributed to
the excessive wheat plants in the
threshing chamber. Consequently,
wheat plants leave device with out

complete threshing that tends
increase total grain losses.
Effect of grain moisture

content on total grain losses

As to the effect of grain
moisture content on the percentage
of total grain losses, results
obtained in Fig. 2 shows that
increasing grains moisture contents
from 11.7 to 17.6 % under constant
material feed rate of 1.08 Mg/h
and various drum speed of 17.20,
21.02 and 26.75 m/s (450, 550 and
700 rpm) increasing the percentage
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of total grain losses by 14.22,
14.15 and 8.50 %, respectively.
Also results obtained in Fig. 2
shows that increasing grains
moisture contents from 11.7 to
17.6 % under constant material
feed rate of 1.32 Mg/h and various
drum speed of 17.20, 21.02 and
26.75 /s (450, 550 and 700 rpm)
increasing the percentage of total
grain losses by 19.24, 16.01 and
11.48 %, respectively.

Also results obtained in Fig. 2
shows that increasing grains
moisture content from 11.7 to 17.6
% under constant material feed
rate of 1.50 Mg/h and various
drum speed of 17.20, 21.02 and
26.75 m/s (450, 550 and 700 rpm)
increasing the percentage of total
grain losses by 22.48, 18.14 and
12.84 %, respectively. Also results
obtained in Fig. 2 shows that
increasing grains moisture contents
from 11.7 to 17.6 % under constant
material feed rate of 1.68 Mg/h
and various drum speed of 17.20,
21.02 and 26.75 m/s (450, 550 and
700 rpm) increasing the percentage
of total grain losses by 22.12,
19.23 and 15.7 %, respectively.
The increasing in the percentage of
total grain losses by increasing
grain meisture contents due to the
elastic conditions of high moisture
content of grains resulting in a
little impacting force on the wheat
materials.
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Fig. 2. Effect of grain moisture content on total losses % under
different drum speeds and feed rates
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Threshing efficiencies

The threshing efficiency is a
function to the un-threshed grain
losses. It decreased as increasing
both material feed rate and grain
moisture content and decreased

drum speed.

Effect of material feed rate
on threshing efficiencies

Concerning the effect of
material feed rate on the
percentage of ' threshing

efficiencies, results obtained in
Fig. 3 shows that increasing feed
rate from 1.08 to 1.68 Mg/h under
constant drum speed 17.20 m/s
(450 rpm) and various grain
moisture contents of 11.7, 14.2 and
17.6 % decreased the percentage of
threshing efficiencies by 1.14, 1.26
and 1.32 %, respectively. Also
results obtained in Fig. 3 shows
that increasing feed rate from 1.08
to 1.68 Mg/h under constant drum
speed 21.02 m/s (550 rpm) and
various grain moisture contents of
11.7, 14.2 and 17.6 % decreased
the percentage of threshing
efficiencies by 0.80, 0.88 and 0.96
%, respectively.

Also results obtained in Fig. 3
shows that increasing feed rate
from 1.08 to 1.68 Mg/h under
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constant drum speed 26.75 m/s
(700 1pm) and wvarious grain
moisture contents of 11.7, 14.2 and
17.6 % increased the percentage of
threshing efficiencies by 0.53, 0.58
and 0.62 %, respectively. The
decreasing in the percentage of
threshing efficiencies by
increasing material feed rate are
attributed to the excessive wheat
plants in the threshing chamber.
Consequently, wheat plants Ieave
device with out complete threshing

that tends decrease threshing
efficiencies.
Effect of grain moisture
content on threshing
efficiencies
As to the effect of grain

moisture content on the percentage
of threshing efficiencies, results
obtained in  Fig. 4 shows that
increasing grains moisture contents
from 11.7 to 17.6 % under constant
material feed rate of 1.08 Mg/
and various drum speed of 17.20,
21.02 and 26.75 m/s (450, 550 and
700  rpm)  decreasing the
percentage of threshing
efficiencies by 0.33, 0.27 and 0.18
%, respectively. Also results
obtained in Fig. 4 shows that
increasirig grains moisture contents
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from 11.7 to 17.6 % under
constant material feed rate of 1.32
Mg/h and various drum speed of
17.20, 21.02 and 26.75 m/s (450,
550 and 700 rpm) decreasing the
percentage of threshing
efficiencies by 0.52, 0.43 and 0.32
%, respectively. Also results
obtained in Fig. 4 shows that
increasing grains moisture contents
from 11.7 to 17.6 % under constant
material feed rate of 1.50 Mg/h
and various drum speed of 17.20,
21.02 and 26.75 m/s (450, 550 and
700  rpm)  decreasing  the
percentage of threshing
efficiencies by 0.55, 0.43 and 0.30
%, respectively.

Also results obtained in Fig. 4
shows that increasing grains
moisture content from 11.7 to 17.6
% under constant material feed
rate of 1.68 Mg/h and various
drum speed of 17.20, 21.02 and
26.75 m/s (450, 550 and 700 rpm)
decreasing the percentage of
threshing efficiencies by 0.52, 0.43
and 0.27 %, respectively. The
decreasing in the percentage of
threshing efficiencies by
increasing material feed rate are
attributed to the excessive wheat
plants in the threshing chamber
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Consequently, wheat plants leave

device with out complete threshing
that tends decrease threshing
efficiencies.

Consumed energy rate

The consumed energy rate are a
measure for all parameters
affecting the threshing operation.
Feed rate, threshing drum speed,
and grain moisture content.

Effect of material feed rate on
Consumed energy rate

Results obtained in Fig. 5 shows
that increasing material feed rate
from 1.08 to 1.68 Mg/h under
constant drum speed 17.20 m/s
(450 rpm) and various grain
moisture contents of 11.7, 14.2 and
17.6 % decreased the percentage of
consumed energy rate by 33.05,
31.24 and 28.76 %, respectively.
Also results obtained in Fig. 5
shows that increasing feed rate
from 1.08 to 1.68 Mg/h under
constant drum speed 21.02 m/s
(550 rpm) and various grain
moisture contents of 11.7, 14.2 and
17.6 % decreased the percentage of
consumed energy rate by 31.24,
31.34 and 28.92 %, respectively.
Also results obtained
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Fig. 5. Effect of feed rate on consumed energy rate under different
grain moisture contents at different drum speeds
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in Fig. 5 shows that increasing
feed rate from 1.08 to 1.68 Mg/h
under constant drum speed 26.75
m/s (700 rpm) and various grain
moisture contents of 11.7, 14.2 and
17.6 % decreased the percentage of
consumed energy rate by 32.28,
31.56 and 29.14 %, respectively.

The  decreasing in  the
percentage of energy requirement
by increasing material feed rate are
attributed to the excessive wheat
material in the threshing chamber,
that increasing the load on the
threshing drum caused more fuel
consumed.

Effect of grain moisture content
on consumed energy rate

Data in Fig. 6 shows that
increasing grains moisture contents
from 11.7 to 17.6 % under constant
material feed rate of 1.08 Mg/h
and various drum speed of 17.20,
21.02 and 26.75 m/s (450, 550 and
700 rpm) increasing the percentage
of consumed energy rate by 4.02,
525 and 3.81 %, respectively.
Also results obtained in Fig. 6
shows that increasing grains
moisture contents from 11.7 to
17.6 % under constant material
feed rate of 1.32 Mg/h and various
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drum speed of 17.20, 21.02 and
26.75 m/s (450, 550 and 700 rpm)
increasing the percentage of
consumed energy rate by 5.30,
3.69 and 3.81%, respectively.

Also results obtained in Fig. 6
shows that increasing grains
moisture contents from 11.7 to
17.6 % under constant material
feed rate of 1.50 Mg/h and various
drum speed of 17.20, 21.02 and
26.75 m/s (450, 550 and 700 rpm)
increasing the percentage of
consumed energy rate by 5.27,
5.06 and 4.94 %, respectively.
Results obtained in Fig. 6 shows
that increasing grains moisture
contents from 11.7 to 17.6 % under
constant material feed rate of 1.68
Mg/h and various drum speed of
17.20, 21.02 and 26.75 m/s (450,
550 and 700 rpm) increasing
percentage of consumed energy
rate by 9.78, 8.34 and 8.07 %,
respectively. The increasing in the
percentage of consumed energy
rate by increasing material feed
rate are aftributed to the excessive
wheat material in the threshing
chamber, that increasing the load
on the threshing drum caused more
fuel consumed.
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Threshing Cost

The threshing cost is affected
with by many parameters such as
material feed rate, threshing drum
speed, grain moisture content,
operating cost and losses cost.

Effect of material feed rate on
threshing cost

Conceming the effect of material
feed rate on the percentage of threshing
cost, results obtained in Fig. 7
shows that increasing feed rate
from 1.08 to 1.68 Mg/h under
constant drum speed 17.20 m/s
(450 rpm) and various grain
moisture contents of 11.7, 14.2 and
17.6 % decreased the percentage of
threshing cost by 9.82, 4.82 and
1.73 %, respectively. Also results
obtained in Fig. 7 shows that
increasing feed rate from 1.08 to
1.68 Mg/h under constant drum
speed 21.02 m/s (550 rpm) and
various grain moisture contents of
11.7, 14.2 and 17.6 % decreased
the percentage of threshing cost by

1534, 1129 and 1029 %,
respectively.
Results obtained in Fig. 7

shows that increasing feed rate
from 1.08 to 1.68 Mg/h under
constant drum speed 26.75 m/s
(700 rpm) and various grain
moisture contents of 11.7, 14.2 and
17.6 % increased the percentage of
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threshing cost by 20.72, 18.47 and
16.46 %, respectively. The
decreasing in the percentage of
threshing cost by increasing
material feed rate are attributed to
the excessive wheat plants in the
threshing chamber. Consequently,
wheat plants leave device with out
complete threshing that tends
decrease cleaning efficiencies.

Effect of grain moisture
content on threshing cost

As to the effect of grain
moisture content on the percentage
of threshing cost, results obtained
in Fig. 8 shows that increasing
grains moisture contents from 11.7
to 17.6 % under constant material
feed rate of 1.08 Mg/h and various
drum speed of 17.20, 21.02 and
26.75 m/s (450, 550 and 700 rpm)
increasing the percentage of
threshing cost by 5.61, 539 and
3.06 %, respectively.

Also results obtained in Fig. 8
shows that increasing grains
moisture contents from 11.7 to
17.6 % under constant material
feed rate of 1.32 Mg/h and various
drum speed of 17.20, 21.02 and
26.75 m/s (450, 550 and 700 rpm)
decreasing the percentage of
threshing cost by 9.18, 7.09 and
4.81 %, respectively.
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Also results obtained in Fig. 8
shows that. increasing grains
moisture contents from 11.7 to
17.6 % under constant material
feed rate of 1.50 Mg/h and various
drum speed of 17.20, 21.02 and
26.75 m/s (450, 550 and 700 rpm)
increasing the percentage of
threshing cost by 12.11, 9.57 and
5.89 %, respectively. Also results
obtained in Fig. 8 shows that
increasing grains moisture contents
from 11.7 to 17.6 % under constant
material feed rate of 1.68 Mg/h
and various drum speed of 17.20,
21.02 and 26.75 m/s (450, 550 and
700 rpm) increasing the percentage
of threshing cost by 13.38, 10.72
and 8.00 %, respectively. The
increasing in the percentage of
threshing cost by increasing grain
moisture contents due to the elastic
conditions of high moisture
content of grains resulting in a
little impacting force on the wheat
materials.

Conclusion

Data from this study led to the
following conclusions:

- The obtained data revealed that
the minimum grain losses and
threshing efficiency werel.83%
and 99.87%, respectively at
drum speed of 26.75 m/s (700
rpm), grain moisture content of

873

11.7% and feed rate of 1.08
Mg/h.

- The minimum consumed energy
rate was 10.23 kW.h/Mg at drum
speed of 17.20 m/s (450 rpm),
grain moisture content of 11.7%
and feed rate of 1.68 Mg/h.

- The minimum|threshing cost was
37.29 L.E./Mg at drum speed of
26.75 m/s (700 rpm), grain
moisture content of 11.7% and
feed rate of 1.68 Mg/h.
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