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ABSTRACT

A pedal-operated sunflower thresher was designed and constructed at the
Agric. Eng. Dept. of Mansoura University and at Agric. Eng. Res. Inst., (AERI) Egypt.
The machine performance was evaluated for optimal design parameters wa three
levels of the pressure surface press on friction drum (2.0, 4.0 and 6.0 kgfcm ), four
levels of friction drum speed (2.8, 3.7, 4.9 and 6.9 m/fs), different radial curves of
pressure surface (330, 345, .and 365 mm) ang different resting times of sunflower
head inside threshing chamber {5, 10, and 15 sec). The sort of sunfidwer plant used
to evaluate the prototype was Helianthus Annuus L.

The performance of threshing machine was evaiuated for its threshing
efficiency, cleaning efficiency, visible seed damage, threshing capacity and specific
energy consumption. Threshing efficiency recorded 98.4 % in case radial curve 345
mm and friction drumn speed of 6.9 m/s at time consuming Ssec under high pressure
6kgicm®. The minimum values of visible seed damage were 0.45, 0.65 and 0.86%
corresponding to radial curves 330, 345 and 365 mm respectively occcurred at low
pressure and low friction drum speed at threshing time 5 sec. Cleaning efficiency
increased by values 97.9, 96.8 and 96.8 % while increases threshing time by 5, 10,
ard 15 occurred at lower pressure and large radial curve with using high friction drum
speed. While, threshing capacity recorded 212 kg/h at high pressure occurred at
radial curve 345 mm high friction drum speed and high pressure & kglcrn But the
specific energy consumplion increases by 4.6, 4.8 and 5.2 kW.hfton while pressure
increases by 2, 4 and 6kg/cm? at low radial curve of 345mm.

INTRODUCTION

Oil crop are considered one of the important source of nutrition for
millions of people all over the world. Plants oil are found in several crops
such as soybeans, paim-seed, sunflower, rape seed, cotton seed, peanut,
coconut, olives, sesame,. castor, flax seed and maize. Sunflower is an
important oil crop in the world. its ranks are the second after soybeans with
respect to oil production. It can be cuitivated in the new reclaimed areas, and
is adaptable to a wide variation of soil and climatic condition {(Keshta et al.,
1993). The world production of oil seeds is about 391 million ton whereas; oil
vegetable production represents about 2.61 million toms. On other hand, oil
crops planting area in Middie East reaches about 165.9 thousands hectare,
while the total production of oil seeds represents 974.5 thousands ton and the
oil vegetable production represents 1513.5 thousands ton. In Egypt, the
sunflower planting area reaches about 11.83 thousands hectare gives the
total seeds production about 29.08 thousands ton with yield capacity of 2457
kg/ha. The ministry of agric. expected to excesses the planting area of
sunflower to 775 thousands hectare in year of 2010 (The Arab Agriculture
Statistics Yearbook in 2007).

Mohsenin (1986) indicated that the friction force is. directly
proportional to the actual contact area, the friction force depends on the
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sliding velocity of the contacting surfaces and the friction force may be
regarded as being composed of two main components a force required to
deform and sometimes .shear the asperities of contacting surfaces, and a
force required to overcome adhesion or cohesion between the surfaces.
Thompson and Ross (1983) determined the coefficient of friction of wheat on
steel surfaces and observed an increase with moisture content, but at higher
moisture contents the threshing efficiency decreased. Rizivi ef al. {1993)
investigated threshing unit for a sunflower thresher. The performances of
breakage were evaluated against different drum types {(peg, rasp-bar, and
rubber-strip), three drums speeds (400-500-600 rpm} and three different of
concave clearance (2.2, 4.4 and 6.3 cm}. They found the peg type cylinder
with a speed range of 400 to 500 rpm and a concave clearance range of 2.2
to 3.0 cm may be used for get the best results of sunflower threshing. Bhutta
et al. {1997) compared the performance of a locally sunflower thresher with
combine harvester. The locally sunflower thresher had an output capacity of
447 kg/h with a threshing efficiency of 97.3% and breakage of 4.87%, The
combine harvesting with threshing drum consists of 8 rasp bars of 104 cm
length and 60 cm diameter had an output capacity of 1000 Kg/h with a
threshing efficiency of 98.7% and breakage of 0.26% using basic principle
adopted for cereai threshers. On the. others hand, Anil &t al. {1998) designed
-and developed a prototype threshing machine for sunflower seeds. They test
results: indicated that the optimal thresher performance was achieved at 9 to
13% moisture content, 180 Kg/h feed rate and 500 rpm cylinder speed.

A sunflower threshing unit was designed and fabricated by Salokhe
et al. (2005) to study the effect of machine and crop variables and to
accumulate enough information for the best possible design of the thresher.
Three concave holes size, four concave clearances and four drum speeds
were studied. Test results indicated that the concave with the hoies size of
11x60 mm gave the optimum sunflower threshing. The overall capacity
values obtained with 29 and 35mm concave clearance were not significantly
different from one another but, there was a significant difference at each
drum speed. The threshing efficiency varied from 99.94 to 100%. The grain

damage and grain loss figures were less than 1.5 and 1.0% respectively at °

drum speeds of 675 to 875rpm and 29 to 35mm concave clearance. The
percentage of materials other than grain (MOG) separated through the
concave clearance was lower than the percentages with other concave
clearance. The lowest specific energy consumption was obtained with a
35mm concave clearances at all drum speeds. The best combination of drum
speed, concave clearance and concave hole size o obtain high output
capacity, high threshing efficiency, low grain damage,’low grain losses and
low specific energy consumption was a combination of 750 to 850 rpm drum
speed (10.9 to 12.4 m/s), 35 mm concave clearance and the concave hole
size of 11x60 mm.

A local device for separating sunfiower that would utilize both
centrifugal and gravitational force was developed by Lotfy (2009). The
separation process was possible without crushing sunflower heads and thus,
decreased the power consumption with minimum environmental pollution and
low separation cost. The study was conducted on the effect of different beater
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types {spike-tooth, angle-bar and knives), inner cone speeds (7.24, 9.11, 12.9
and 15.4 m/s} and seed moisture contents of 26.9, 21.2, 15.7 and 9.8 %.
Separating clearance was content at 4/2 cm between the top and end of inner
cone with outer cone. The calculated cost of separation showed the best
results were with spike-tooth and 12.9 m/s inner cone speed. from 21.2 to
15.7% moisture content.

Small sunflower planting area demands on threshing machinery after
manual harvesting because manual threshing are still carried out with great
consumption of time and cost. The mechanical threshing problem
summarized in causing damage for seeds and existence some of un-
threshed seeds that are resulted in reduction the threshing efficiency and
seeds quality. This problem obviocusly appeared during sunflower threshing
that is due to nature of the seeds.

The aim of this paper is tray to optimize machine parameters of a
pedai-operated sunflower threshing using friction drum. The performance of
threshing machine is evaluated for its threshing efficiency, cleaning efficiency,
visible seed damage, threshing capacity and specific energy consumption.

MATERIALS AND METHODS

The General Description of Proposed Design

A new design and devolvement of prototype as shown in figure 1 was
uszed for sunflower threshing depending on frication force. It consists of the
following parts: _

The Frame: It is made of mild steel L section of “30 * 30 mm" which all
components of threshing machine are connected on it. The main frame
dimensions are 70 mm in fength, 650 mm in width and 1590 mm high.
The base of frame linked with four small wheels (g =200mm).

Friction surface: The cylinder, with 500 mm length and 320 mm diameter
made of 3 mm thickens mild steel sheet, is sheltered by two different
types of friction surface. The cylinder equipped with main shaft of
254mm. The two ends of the main shaft are supplied with two ball
bearings. The motion transmitted by “V" beit and tow pulleys. The small
one connected with electric motor (0.74kW) and the bigger was linked
with drum shaft, that equipped with three pulleys has different diameter
of 160, 216 and 282 mm.

Pressure surface: It is considering the surface that covered the angle of
threshing cylinder of 180° and takes the arc shape. It fabricated from
mild steel sheets of 3 mm thickens. It can be carried two heads of
sunflower plant during thrashing operation with dissimilar diameter. To
easy catching the head of sunflower on the pressure surface a
numbers of needies were distributed which taking four circles shapes

~ with diameters of 50, 100, 150 and 250mm, -

Elevator unit: the main job-of elevator unit is rise up the pressure surface to
press the head of sunflower on the friction drum. It was placed on the
right side of machine and consists of pedal, wir‘e and tow roller. The
rollers are similar in size and made from steel ‘sheet with outer and
inner diameters of 50 and 40 mm respectively which, they rotating by
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two bearing and rod of 25 mm diameter welded on the pressure
surface frame as shown in figure 1. The wire attached the motion of
pedai with the two rollers and with the pair of the link that welded on the
machine frame in closed system as shown in figure 1.

Power transmission: A 0.74kW single—phase AC motor having 950 rpm was
used to drive the thrashing machine.

Seed receptacle unit: It was made of galvanized sheet metal with
rectangular shape (650mm length and 450 mm width) that fixed in
inclination level with angle of 15 degree to make seeds motion easier.
At the end of receptacle surface the seeds collected in plastic package.

The specification of sunflower:-

The sunflower variety is used in this study |s Hellanthus annuus L.

and characteristics of sunflower plant and seed are tabulated in table (1).

Table 1: The average of properties of sunflower

Head dia., Head 1000 seed Seed Seed yield,
Variety cm thickness, ¢cm mass, g ngth, mi rrJ Seed width, cm g/head
Hefanthus annuus L [18.5¢1.05] 3.3:0.34 80+52 [9.2540.12] 3.7530.11 165£15.5
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Fig. (1): The pedal-operated sunflower thresher.

Experimental procedure:-

Field experiments were carried in region Nubaria at Agric. Eng. Res.
inst., {(AERI} Egypt. To fulfiil the objective of this research work some of the
parameters taken into consideration as follows:-

1- Four different of friction drum. speeds "V,=2.8; V,=3.7; V:=4.9
and V,=6.9 m/s which recorded 336, 441, 588 and 830 rpm
respectively. The friction drum speeds were regulated using
different pulleys diameters that set on the friction surface shaft.
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2- The pressure surface can be change its position relative to the
friction drum by sliding guide. Increasing the span of sliding guide
increases the arches of pressure surface. Under experiment three
radicals curved levels of pressure surface where regulated namely,
R;= 330, R,=345 and R;= 365 mm.

3- Threshing machine was operated under three levels of pressure
Py, P; and P; which generated by pedal elevator unit. During
threshing operating, the pressure surface press on the friction
drum with homogeneous forces that threshing the head of
sunflower only. The pressure gauge is used to measurement
pressure effective. Three leveis of pressure forces where
supplied to pressure surface namely, P1=2, P,=4 and P;=6
kglem?.

4- To study the effect of resting times on machine performance,
threshing machine was operated at three waiting time {resting
time) T,,T, and Ty Resting time is the time that required to
separate ali seed from sunflower head. Threshing time divided to
three level namely, T4=5, T,=10 and T5= 15 sec.

5- Al experiments were carried out under confstant dray moisture of
sunflower (18+ 2.46% for head and 9 £1.13% for seed).

Machine performance:

Machine performance was estimated according to Singh and Joshl,
1981) as follows:

Threshing efficiency:

Threshing efficiency was determined on the basis of threshed and
un-threshed seeds. All detached seeds from sunflower head were collected
and weighted with the help of digital baiance. After finishing from threshing
process, the seeds that were still in sunflower heads cleaned and weighted
using the same digital balance. These seeds know as un-threshed seeds.
Threshing efficiency was determined using the following expression:

Threshing efficiency, % = 100% - un-threshed seeds%
Un-threshed seed, % = {c/d) x 100
Where,
C = mass of un-threshed seed, g
D= mass of total seed, g
Seed damage: :
Breakage percent (visible damage of seed) can be expressed as a
percentage of broken seed related to the total quantity of seeds. The
breakage percentage was determined by the following equation:-

Seed damage, %= (seed damage mass / total seeds mass) x 100

Cleaning efficiency:

To determine the cleaning efficiency, sample of seed along was
collocated and weighted. Later on it was cleaned manually and weighted. The
cleaning efficiency was determined using the following relationship:-

Cleaning efficiency % = (E/F) x 100
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Where,
E = mass of clean seed i |n the sample, g
F = mass of sample welght g

RESULTS AND DISCUSSION

Threshing efficiency

As shown in Fig. (2), the threshing efficiency increased with increase
pressure force of pressure surface on friction drum at all three levels of P=
2.0 kg/em?, Py= 4.0 kg!cm and Ps= 6.0 kg/cm® for all drum speed levels. It
may be due to separating seeds from sunflower heads is easy at higher
pressure, Effect of pressure surface was influence on extraction seeds
significantly. Also we found that. the threshing efficiency recorded 98.4% at
highest pressure {6.0 kg/cm?)and with friction drum speed of 6.9 m/s

It can be observed from Fig. 3 that, at the pressure force on pressure
surface of 6.0 kg/cm®?, the threshing efficiency increased with threshing time
{resting of sunflower head time) up to 5.0 sec at each of V,=2.8; V,=3.7and
V,=6.9 m/s. While, this relation is visa versa at friction drum speed of V;=4.9
m/s. The maximum thereafter achieving about 98.6% during resting time of
15 sec. At fixed value of friction drum speed of 6.9m/s, the threshing
efficiency increased with resting times up to 15sec (Fig. 4). Generally,
threshing efficiency increased with increases friction drum speed. Separating
seeds from heads was higher at maximum peripheral speed of friction
surface. It could be noticed that threshing efficiency, % is in reversible
relationship with radial curve. On.cther hand, threshing efficiency recorded
high value at threshing time 15 sec there were 93.4, 84.7, 96.4 and 98.4%
occurred at high pressure and radial curve "R;" corresponding to friction drum
speed 2.8, 3.7, 4.9 and 6.9 m/s respectively.
Visible seed damage percentage

The maximum values for visible seed damage (Figs. 6 to 9) were
1.04, 1.33, 1.64 and 2.02% occurred at high pressure and radial curve R;
corresponding to friction drum speed 2.8, 3.7, 4.9, 6.9 m/s respectively.

it was observed that, radial curved is in directly relationship with
visible seed damage at different factor. Noticed that visible seed damage -
increased with increases threshing time. Seed damage recorded minimum
values at threshing time 5 second occurred at smaller radial curve R, and
lower pressure P; with fricion drum speed V,. Visible seed damage varied
from 0.45 to 2.02% for all testing conditions. Noticed visible seed damage
percentage, % increased with increases friction drum speed. A higher
peripherai speed causing more injuries to the seeds this could be eixplained
that increasing speed caused increasing friction action which damaged
seeds.
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Cleaning efficiency

Threshing efficiency is in reversible relationship with threshing
efficiency at different factor. Cleaning efficiency increased with decreased
pressure surface forces from P to P, (Figs. 10 to 13). Pressure forces which
produced from pedal during threshing operating friction action generated from
rubber lyres separated seeds from head and continued removes chaff from
heads, so by increasing pressure cleaning efficiency decreased. On other
hand, cleaning efficiency was poor (less than 90%) at high speed occurred at
high pressure and radial curve R; at threshing time T2J From Fig. 12, it was
noted that increased radial curve caused increases cleaning efficiency.
Maximum value of cleaning efficiency 97.9% occurred at large radial curve
R4. Cleaning efficiency increased by values 97.9, 96.8 and 96.8 % while
increases threshing time by Ty, T> and T, occurred at lower pressure and
targe radial curve with using high friction drum speed.
Threshing capacity

From Figs. 14 to 16, It is observed that the threshing capacity is
gradually increasing as pressures forces of pressure surface increasing. There
were 198, 206 and 212 kg/h comesponding to pressure 2, 4 and 6 kglcm
respectively that occured at high friction drum speed V, and radial curve R,
Threshing capacity recorded minimum value 134 kg/h at lower friction drum
speed and higher radial curve R, Also, it can be seen that the friction drum
speed significantly effect on threshing capacity. It may be due to increasing
friction drum speed caused removed more seed from heads by friction action
which generated from rubberized drums. More increases of radial curve up 345
mm caused decreased threshing capacity, on other hand reducing it under same
value lead to decreases threshing efficiency. it could be recommended that.radial
curve 345 mm gave high threshing capacity,
Specific energy consumption

It was found that specific energy consumptlon mcreases by 4.6, 4.8
and 5.2 kW _h/ton while pressure increases by 2, 4 and'6 kg/cm? at fow radial
curve. It can be seen influence pressure surface on specific energy
consumption significantly. Increasing in specific energy consumption is due to
increases resistance between rubber and seeds. It was noticed that, specific
energy consumption, kW.hfton increased with increases friction drum speed
from V; to V4. maximum value specific energy consumption 5.2 kW.h/ton
occurred at high friction drum speed. Observed that minimum specific energy
consumption 3. 7 kw.h/ton occurred at radial curve 365 mm under iow
pressure 2 kglcm for speeds V, and V.. Therefore decreased radial curve up
345 mm caused decreases threshing capacity. it can be seen influence radial
curve on specific energy consumption significantly.

CONCLUSIONS

Based on the finding of this study, following conclusions are made:
Threshing efficiency recorded highest value at threshing time 15sec
occurred at high pressure P; = 6.0kg/cm® and radial curve R, . 345mm
corresponding to friction drum speed of 6.9m/s. Seed damage recorded
minimum values of 0.45 at threshing time 5 second occurred at smaller radial
curve "Ry = 330mm" and Iower pressure "Py = 2. Okg/cm with friction drum
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speed of V; = 2.8nys. A higher peripheral speed causing more injuries to the
seeds this could be explained that increasing speed caused increasing
friction action which damaged seeds. 7

The highest threshing capacity was 212kg/h occurred at Eikgl-:m2 of
pressure, 6.9 m/s friction drum speed and 345mm radial curve. Meanwhiie,
the minimum specific energy consumption was 3.7 kW.h/ton occurred at
radial curve 365mm under low pressure 2kg/cm’ and at friction drum speeds
of 2.8m/s or at 3.7m/s. Based .on previous results. The final recommended to
realized higher threshing and cleaning efficiency, lesser seed damage and
specific energy consumption using pressure 6kg/cm?, radial curve 345mm,
and friction drum speed 6.9m/s by threshing time Ssec at moisture content
about 18% for heads and 9 % for seeds.
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