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Introduction

The nut sunflower is usually cultivated in small farms and is harvested with a low capacity of harvester at high moisture content.
For the rigid threshing components, impact and knead force are so large as it leads to crushing of the grain or inner stress. This
reduces marketability and the germination rate of seeds. The mechanical damage degree of sunflower grain is influenced by the
material of the threshing beaters, the velocity of impact, moisture contents, etc. Traditional manual methods, that separate grain from
the sunflower head, take a lot of time, require large manpower, have high grain damage, and low efficiency. The objective of the
present work was to develop and optimize a threshing unit for nutty sunflower that would combine safe impact velocities with
appropriate adjusting of its variable to maximize threshing efficiency whilst minimizing grain damage resulting from shearing,
cracking, or crushing.

Materials and Methods

The nutty Sunflower heads were procured from the Experimental Orchard of University of Tabriz, Iran at the moisture content
of harvesting. Axial threshing units using kinematic equation and properties of the grain, designed and constructed that the variables
of its components are adjustable. The beater of the thresher is flexible, which the deformation and vibration undergoing the overall
rotation and impact process becomes larger with increasing speed and prevents grain damage. The power required for threshing and
separation grain from heads was calculated at about 4.5 kW. Diameter and rotational drum speed value estimated using relation

(V= gn) and study of other researches as considering critical impact velocity of sunflower grain. The length of the thresher was 1.2

m that estimated by determining the capacity and the number of beaters. Threshing efficiency (%), separation efficiency (%), and
grain damage (%) were parameters of performance for study. The experimental design by the Response Surface Methodology in
Design Expert software 11 with central composite experiment design developed and the affecting parameters on accuracy analyzed
and optimized. The threshmq unit was evaluated against three threshing drum speeds of 380, 280, and 180 (rpm), feed rates 4000,
3000, and 2000 (kg (head) h™), moisture content of 60%, 45%, and 30 (%w.b).

Results and Discussion

The results showed that the models and effect of variables were statistically significant at the 95% confidence level. The
moisture content on threshing efficiency and grain damage had the greatest effect followed by drum speed and feed rate. While for
separation efficiency, the feed rate had the most influence. With reducing feed rate and moisture content the threshing efficiency
increased, although the decrease in drum speed reduced it. This might be due to sunflower grains adhering loosely to the head at the
low moisture contents. The maximum (99.81) and minimum (96.12) percentage of threshed heads was at the moisture content of 30
and 60, respectively. The separation efficiency increased with reducing of feed rate and moisture content. Though, drum speed had
insignificant efficacy statistically. The sunflower heads with high moisture content are fragile and brittle, also at high feed rates, the
number of impact forces and collisions of heads rises |n the condition of threshing. Therefore, the extra MOG is produced and passed
from the separator grille. The feed rate of 2000 kg h™ and moisture content of 30% was the maximum point of separation efficiency
that obtained 69.82%. The grain damage decreased significantly with reducing drum speed (380 to 180) and moisture content (60 to
30). This result may be due to the reasons that at higher moisture content the husk of grains becomes soft. The goal of optimization
is maximizing threshing and separation efﬂcnency and minimizing grain damage that the optimized values of variables were
determined 292.134 rpm for drum speed, 2000 kg h™ for feed rate, and 30.7406% (w.b) for moisture content.

Conclusion

A threshing unit of sunflower, using properties of grains and kinematic equation, was designed and constructed. The models and
effect of the variable were statistically significant on performances. The moisture content had a greater effect than other factors on
threshing efficiency (%) and grain damage (%). Also, the feed rate of crops in thresher had the most influence on separation
efficiency (%). With decreasing the moisture content, threshing and separation efficiency increased and grain damage reduced. The
threshing efficiency (%), separation efficiency (%), and grain damage (%) were reported in the range of 96. 12 to 99.81, 57.34 to
68. 55 and 0.49 to 1.25, respectively. The optimized points were determined at the drum speed of 292.134 m s™, feed rate of 2000
kg h™, and moisture content of 30.7406% (w.b).
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Fig. 1. Schematic representation of threshing unit with cross section of a set beater: 1- Flexible plates of beaters with
adjustable angular position (y), 2- Shaft thresher, 3- Separator (concave), F- Impact force
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Fig.3. The sample of heads of nutty sunflower
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32 180(-1) 4000(1) 60(1) 97.29 57.34 1.01
33 180(-1) 4000(1) 30(-1) 98.82 62.32 0.54
34 280(0) 2000(-1) 45(0) 99.06 68.45 0.59
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y1=96.12-0.0075A-0.0014B+0.327C+1.056(10°)AxB-0.083(10°)AxC+7.708(10®)BxC+0.021(10°)A*+9.57(10°%)B*-0.0044C*  (A)
¥,=80.31+0.071A-0.006B - 0.365C -1.16(10°)AxB - 0.11(10°)AxC - 0.023(10°)BxC - 0.012(10°)A% + 5.93(107)B* + 0.0041C°* (1)
y3=-0.034-0.0024A+0.0004B-0.0038C-1.56(10")AxB+0.13(10"*)AxC-9.58(107)BxC+5.9(10°°) A* - 5.09(10°%) B? + 0.00022C ()-)

Design Expert ;| sslizl b oangS anly (63,Slas zols uibyly 3000 -Y Jgus
Table 2- Analysis of variance for performance of threshing unit using Design Expert

5 ol TS 833 7 jwlaa 0330 T4l (S wacamw!
Sourﬁ \iriation df Threshing efficiency% (y1) Separation efficiency% (y,) Grain damage% (y3)
F-value P-value F-value P-value F-value P-value
e 9 16.82 <0.0001 11.35 < 0.0001 23.17 <0.0001
Model
> 1 12.93 0.0015 1.79 0.1937 26.2 < 0.0001
Drum speed (A)
L Ly 1 1.87 0.1846 86.23 <0.0001 3.03 0.0948
Feed rate (B)
gk sy 1 104.81 <0.0001 10.66 0.0033 17149  <0.0001
Moisture content (C)
AxB 1 0.8318 0.3708 0.0553 0.816 0.4824 0.494
AxC 1 1.15 0.2935 0.1149 0.7376 0.7418 0.3976
BxC 1 0.9967 0.3281 0.491 0.4902 0.4083 0.5289
A? 1 1.11 0.303 2.03 0.1669 2.3 0.142
B? 1 0.2285 0.6369 0.4819 0.4942 1.72 0.2021
c? 1 24.69 <0.0001 1.17 0.2906 1.76 0.1976
Residual
Al pae Jele 5 29.28 <0.0001 6.38 0.0012 5.27 0.0033
Lack of fit

Correlation total
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Table 3- Statistical information on models of threshing efficiency% (y,), separation efficiency% (y,), grain damage%

=W Mo Blzdl (paSle S S Gl g Adj. R20uu puliss R2 cds
Results Std. Dev. Mean CV.% R2 ) Adeq. Precision
s o 04633 9870  0.4694 0.87 0.82 12.54
Threshing efficiency% (y1)
Fusjliz 03i 1.98 63.60 3.11 0.83 0.75 11.45
Separation efficiency% (y,)
s (S 00814 08156  9.9814 0.90 0.86 1.475

Grain damage% (ys)
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Fig. 4. 3D surface response plots to observed the effect of drum speed, feed rat, moisture content on threshing

efficiency (a, b, ¢), separation efficiency (d, e, f) and grain damage (g, h, i).
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Fig. 5. Optimized variables of threshing unite in software with options of Ramps
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