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ABSTRACT

A double cone shape drum device was developed, and inserted in the
construction of the Turkish threshing machine in order to increase the machine
threshing efficiency and capacity, and to improve the threshed grain quality. The
wheat threshing by the investigated machine before and after development was
tested, compared, and evaluated versus different drum speeds and grain moisture
content levels.

The comparison, and evaluation based on the threshing efficiency related to
the percent of un-threshed grain; the grain quality related to the percent of damaged
grain; and the machine threshing capacity related to the drum speeds.

The results showed that the wheat threshing efficiency was ranged from 96.8
to 99.3%), % for the developed thresher, while it was nearly from 92.6 to 97.25% for
the Turkish thresher before development. The results also indicated a marked
improvement in the final grain quality for the thresher equipped with the developed
drum (95.88%) compared to the thresher before development (93.13%).

In general replacing the developed drum device instead of the traditional
one in the construction of the Turkish threshing machine led to increase the machine
capacity by about 12.6 % ,and was very competitive.

INTRODUCTION

Wheat crop is an important strategic crop in world, because it is
considered the most economical crop in the international income. Therefore
increasing the wheat grain yield and quality by decreasing grain losses and
damage during harvesting and threshing operations are viable subjects to be
investigated. In fact, there are many factors affecting the performance of
threshing machines such as the drum design assembly, cylinder speed,
feeding rate and grain moisture content But the drum design assembly, plays
the key role in determining the performance of threshers.

Klenin et al (1985) Unfortunately in Egypt there are many small
workshops and manufactures that are producing the components of the
threshing machines without regarding any scientific guidance.

Helmy (1988) compared two threshing machines, American (A) and
Egyptian made (E) for threshing wheat. In the comparison, he tested three
cylinder speeds ( 20,36,and 65 m/s), five feed rates (0.06;0.13;0.19;10.25 and
0.31 kg/s) over ranges of 13.6 to 08.8% and 9.7 to 13.5% (d.b) grain and
straw moisture contents respectively. The comparison, based on the
threshing efficiency, unit energy, total grain damage, un-threshed grain and
cut straw length which recorded better for the thresher (A),and were 99.1%, 1
1.0 Kw.hft, 6.5%, 0.8690 and 22.5% respectively.

He strongly recommended developing the local threshing machines
for good performance, and showed that 20.52 m/s cylinder speed and 0.25
kg/s feed rate at18.8% and 13.5 grain and straw moisture contents were
optimum conditions of the local thresher (B).

Morad (1997) investigated threshing machine performance in terms
of grain losses, energy requirement and threshing cost as a function of wheat
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threshing. From the obtained data, the results indicated that threshing losses
as will as threshing cost can be minimized when the feed rate of 1.0 ton/h
drum speed of 25 m/s and moisture content of 20% are considered for the
used machine. increasing feeding rate decrease machine threshing
efficiency.

Abd El-Ghany and El-Sahar (1999) investigated the performance of a
flail threshing machine at drum speeds of 11.20 and 36.7 m/s and feeding
rates of 0.013, 0125 or 0.050 kg/s., for threshing bread wheat. Whereas,
three selected wheat cultivars namely:- cv. (Giza-163 and Sids - 10), and
durum wheat cv. (Sohag - 1) were dried to a moisture contents of about 9.8
and 7% and threshed in that thresher

They found that the broken grain percentage was higher in Sohag-1
than the other cultivars, at 8 and 9% moisture content than 7%, and it
increases with increasing drum speed, but it was decrease with increased
machine feeding rate.

Gill et al. (2002) studied the effects of various operational factors like
feed rate and cylinder speed on wheat grain loss, cleaning efficiency,
threshing efficiency of a spike tooth cylinder type plot thresher having
dimensions of (925 x 700 x 925 mm) were studied. The feeding rates taken
were 150.252 and 348 kg/h at each feed rate, the observations were taken at
cylinder speed of 775,900 r.p.m and 1050 rpm. The optimum combination of
feed rate and cylinder speed was found 252 kg/h and 900 rpm, respectively.
At this combination the threshing efficiency, cleaning efficiency and total grain
losses were 99.14, 99.97 and 1.3% respectively.

The present study is aimed to:-

1-Develop and replace a double cone shape drum device instead of the
traditional drum in the construction of the Turkish thresher.

2-Asses, and evaluate the performance of the Turkish thresher, before and
after drum development

3-Deduce and recommend the best operational parameters for the developed
thresher after equipping the developed double cone shape drum device.

MATERIALS AND METHODS

The commonly grown wheat variety (Gimmeza, 10) was selected
for carrying out the experiment. The machinery experimental tests were
performed for the Turkish thresher before and after development during the
agricultural summer season 2007 in a private farm at Alexandria
Governorate.

The main specifications of the two threshing drums that utilized in the
present study are given in table (1),and their respective sketched photograph
views are shown in figs (1,and 2 ) respectively. Also, the elevation and plan
views of whole Turkish thresher before and after development are shown in
figs (3, and 4) respectively.

Table (1) the main specifications of the utilized drums

The drum specifications [The Traditional drum The developed drum
Total drum length, mm 1200 1200

Main diameters, mm 700 700/420

No. of knives, dimensionless. 44 unwilled 104
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Fig. (3) elevation and plan views of theFig. (4) elevation and plan views of the

gz\rlléiligmem-thresher before Turkish thresher after development
No. Part name No. Part name
1 Threshing drum 6 Fan pulley
2 Sieve shaft 7 V-Belt
3 Fan shaft 8 Sieve
4 Wheat pulley 9 Blower
5 Sieve pulley 10 Frame

As shown in figs. (3, and 4) the investigated machine consists of two
main components threshing and winnowing units. The threshing unit consists
of a drum and concave with holes. The winnowing unit consists of a fan,
vibrating screen, and air pressure elevator for separating and cleaning of

grains.

7627



Ismail, Z.E. et al.

It should be denoted that some of the thresher adjustments were kept
constants throughout the testing procedures such as: - The concave
clearance is fixed at 35/25 mm as for inlet and outlet respectively, input and
output orifice dimensions, the blower speed,

While, the following parameters were varied during carried out the
performance tests:-

-Threshing drum types, whereas, two threshing drum types were
deduced namely: - the traditional (cylindrical drum shape), and the developed
(double cone shape drum)

-Threshing drum speed, whereas, four different rotational speed
levels were tested with each drum namely: - 800 r.p.m.(S1), 1000 r.p.m.(Sz),
1200 r.p.m.(Sz), and 1400 r.p.m.(Sa4).

-Grain moisture content, whereas, three different moisture content
levels (d.b. ) were tested with each drum namely :- 14.3(M1); 11.2 (M2; and
(M3= 9.1 %).

Each experimental test was repeated three times, thus a total of 72
tests, were performed. Depending on the threshing drum speed, and the
corresponding fed rate each test had its own time duration. For each
threshing performance test, the data for determining the machine threshing
efficiency (Thr.eff. %), the threshed grain quality (GQ %), and the Turkish
thresher outlet capacity, (Mca).

The threshing efficiency (Thr.eff. %), was defined to be the threshed
grain (Thr G) received at all outlets with respect to the total grain input (TG). It
was expressed as percent by weight, and it could be calculated as follows:-

Threff.9% = G

x100............ Q)

The threshed grain quality (GQ %),. was defined to be the mass of
undamaged grain (UDG) without partially or wholly broken grain that collected
per unit time with respect to the total grain inlet weight (TG). The threshed
grain quality (GQ %),. It could be calculated as follows:-

UNG
GQ% =
Q%="g

The thresher output capacity (Mca), was defined to be the mass (Wt)
of the total material per unit time at the main thresher outlets against different
drum speeds, and grain moisture contents. It could be calculated as follows:-

Mca = W, Kag/sec ........... (3)
Tcons

Where:-

Thr G = mass of threshed grains, kg.

UThr G = mass of un-threshed grains kg.

DG = mass of damaged grains, kg.

UDG = mass of un-damaged grains, kg.

Wt = the total material weight per unit time at the main thresher outlets
TG = mass of total grains input, kg.
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Threshing losses (Thr. Loss) is including damaged and un-threshed
grains. It can be calculated using the following equation:

Thr. Loss= DG+ UThr G....... (4)

RESULTS AND DISCUSSION

The performance data of Turkish thresher before and after drum
development was compared and evaluated in terms of the machine threshing

efficiency (Thr.eff. %), the threshed grain quality (GQ %), and the Turkish
thresher output capacity, (Mca).

Machine Threshing Efficiency (Thr.eff.%),

Based on equation (1), the threshing efficiency (Thr.eff. %), of the
Turkish thresher against different drum speed, and grain moisture content
levels were calculated for the machine before and after drum development.
The data obtained from the field for threshed and threshed grain weights
were analyzed using Microsoft Excel Program.

Figs (5 and 6) in sequence summarize the average values of Thr.eff.
%, associated with the Turkish thresher before and after drum development,
and as affected by drums speed, and grain moisture respectively,
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Fig (5) Threshing efficiency
due to the drum development
and as affected by drum
speed

Fig (6) Threshing efficiency
due to development and as
affected by grain moisture

Comparing the threshing efficiency of the Turkish thresher before and
after drum development at a particular set of operation conditions, it can be
found that the developed drum often exhibited the highest threshing efficiency
values. Figs (5, and 6) also indicate, that Thr.eff.%, is increased by increasing
drum speed ,and by decreasing grain moisture content . But this trend was
not clear in the case of developed drum type, in comparison with traditional
drum type.

The maximum Thr.eff% value (99.3%), was recorded with the
developed drum at rotational speed of 1400 rpm, and grain moisture content
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of 9.1 %. The minimum Thr.eff% value 94.2 % was associated with the
traditional Turkish drum at rotational speed 800 rpm, and grain moisture
content of 9.1 %.

The threshed grain quality (GQ %),

The effects of drum design assembly, drum rotational speed, and grain
moisture content on the threshed grain quality (GQ %),.are shown in Figs (8,
and 9).From these results, it can be found that the double cone shape drum
was better grain quality (GQ %),.than the traditional cylindrical shape drum.
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Fig (7) Grain quality due to the Fig(8) Grain quality due to drum
drum development and as affected development and as affected by
by drum speed grain moisture content

Calculating the Threshing losses (Thr Loss) using equation (4) It can
found that the maximum, and minimum (Thr Loss %) were 10.05 % and 9.70
% for the thresher before development. The corresponding (Thr Loss %)
values for the thresher after development were, 6.80, and 4.6 %. That data
revealed that the development of the drum led to decreasing Threshing
losses (Thr Loss by about 5.5 %.

Thresher outlet capacity, (Mca).

The Turkish thresher outlet capacity (Mca), before and after drum
development was evaluated. The obtained data of (Mca) is tabulated against
different drum speed,grain moisture content and feed rates levels in table (2).

From Table (2), it can be seen in general that the outlet capacities of
the local threshing machine before development are small in comparison with
the outlet capacities that accompanied the thresher after development by
about 12.6 %. That result trend may be attributed to the conical shape
developed drum which applied the shearing method instead of the
hammering method of the traditional cylindrical shape drum.

In addition, fig (9) illustrates the outlet capacity increments% due to the
development, under different drum speeds, and feed rate levels. The shown
data in fig (9) indicate that the maximum outlet capacity increments% was
accomplished the developed drum speed of 1000 rpm at feed rate of 1 kg/sec
,while the minimum was accomplished the developed drum speed of 1400
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rom at feed rate of 0.5 kg/sec. That figure recommends to operate the
developed drum at drum speed at speed from 1000 to 1200 rpm. Its also can
be seen that increasing the feeding rate resulted in sensible outlet capacity
increments%. But that trend was obviously clear at the slowest speed than
the higher one.

Table (2) Turkish thresher outlet capacity (kg/sec) before, and after
development, under different studied variables levels

Feed outlet capacity before outlet capacity after

Drum rate _developmt_ent, under _developm_ent, under
speed(r.p.m) (kg /s) different moisture levels different moisture levels
M1 M2 M3 M1 M2 M3
0.50 0.44 0.46 0.47 0.46 0.48 0.50
S1 (800) 1.00 0.87 0.88 0.96 0.92 0.95 0.97
1.50 131 1.34 1.35 1.39 141 1.45
AV(Mca 0.87 0.89 0.93 0.92 0.95 0.97
0.50 0.46 0.47 0.48 0.47 0.49 0.49
S2 (1000) 1.00 0.88 0.90 0.93 0.93 0.96 0.98
1.50 1.33 1.36 1.40 141 1.43 1.46
AV(Mca 0.89 0.91 0.94 0.94 0.96 0.98
0.50 0.47 0.48 0.49 0.48 0.49 0.50
S3 (1200) 1.00 0.89 0.94 0.95 0.96 0.98 0.99
1.50 1.35 1.38 1.40 1.43 1.46 1.48
AV(Mca 0.90 0.93 0.95 0.96 0.98 0.99
0.50 0.47 0.48 0.49 0.49 0.50 0.50
S4 (1400) 1.00 0.93 0.94 0.96 0.98 0.99 0.99
1.50 1.38 141 1.43 1.46 1.47 1.49
AV(Mca) 0.93 0.94 0.96 0.95 0.95 0.95
Total Av. 0.90 0.92 0.94 0.94 0.96 0.97
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Fig (9) Mca increament % due to the development
as affected by drum speed and feed rate

That result trend may also attribute to apply the shearing method
instead of the hammering method of the traditional cylindrical shape drum.

SUMMAR AND CONCLUSIONS
It was necessary to develop the local threshing machine to increase its
efficiency, capacity quality. This modification includes the development of
both the drum and concave shapes of the Turkish threshing machine.
7631



Ismail, Z.E. et al.

The comparison and evaluation between the thresher before and after
developments revealed the following important results:-

The developed drum had the highest threshing efficiency (98.50%),
and the least breakage of grain (1.0%) in comparison with the traditional
cylindrical shape drum.

The highest threshing efficiency (98.50%) for the developed drum was
observed at 1400 rpm and moisture content of 9.1 %. While the lowest was
achieved at 800 rpm and moisture content of 14.3 %

The threshed grain quality (GQ %),for the developed drum was better at
1200 rpm and grain moisture content of 9.1 %, whereas, the least grain
broken percentage of 1.0 % was achieved.

The double cone shape drum with a rotational speed ranging from
1000t01200 rpm is recommended to be used for developing the Turkish
threshing machine for increasing the traditional Turkish thresher outlet
capacity (Mca) by about 12%.
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