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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 threshlnq 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 effncnency 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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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
Jue 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)
s Ty 1 1.87 0.1846 86.23 <0.0001 3.03 0.0948
Feed rate (B)
Sy e 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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0dd gy Jdo bawgs oS Wil o (15Sle Blbl > bodly il
Iy 655 o bla5 ) ol cawday polie Adeq.Precision .cul s

odingS )3 ails (Sudcaml g/ gilulix o33k o iagS o35k sla s 4 bgspe (glel leMbl Y Jgan
Table 3- Statistical information on models of threshing efficiency% (y,), separation efficiency% (y,), grain damage%

(V3)
=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

SIFA VYO il Sadcaw] do ) Cugb,y (sgime ¢ ly9d B¥ees 5l i g5 g AV BZEe 5l cosby (sgime yials L
28 iy el Oial38l igS 033l YA B VAL 5 Slhes e s iolj8l g Ve e
o35 i 4 2bcuwd GBum L Design Expert ljéls 5 g /Y by )3 (FAUAY) Lo S 03jLs jlide oy i bl
o Ly g adaii @y ol (908 5 (il 5 S ol (78] Jgarme cuilyy cugb) p> (AAFNY) Jlade (o 5eS
g el 3 p)SoliS Voo A £ 5 B )3 )93 VAV/WY (S50 sl hd (gilubir 035k 435 25 5 Cagb) gime A L 0
3,5 s |y ZXIVE S Lingy bl Ve g, 5 Yoor aniis #ps il il

Co iy LS Ly 3 G)l3S (FEVAY) (g3l 033L o st
References

1. Abdollahpour, Sh. 1998. Studying the Type of Grains Combine and Presentation a Suitable Design for Condition
of Iran. M.S. thesis. Graduate Studies Office in Mechanic of Agricultural Machinery. University of Tehran Iran.
(In Persian).

2. Ahmadi Gavidelan, M. 2013. Optimization of hazelnut drying in infrared fluidized bed using response surface
method. M.S. thesis. Graduate Studies Office in Mechanic of Agricultural Machinery. Bu-Ali Sina University,
Iran. (In Persian).

3. Azharuddin, K., S. Mir, M. Narasimhan, and G. Pavan Kumar. 2016. Design and Fabrication of Sunflower Seed
Extracting Machine. International Journal of Latest Technology in Engineering, Management & Applied Science
(JLTEMAS) 4 (5): 90-97.

4. Chavoshgoli, E., Sh. Abdollahpour, R. Abdi, and A. Babaie. 2015. Engineering properties of sunflower seeds and
materials other grain as moisture content for equipment of separator. Agricultural Engineering International: CIGR
Journal 17 (1): 10-21.

5. Hosseinzdeh Samani, B., E. Fayyazi, B. Ghobadian, and S. Rostami. 2016. Studying and optimizing the biodiesel
production from mastic oil aided by ultrasonic using response surface method. Journal of Agricultural Machinery
6 (2): 440-450. (In Persian). http://dx.doi.org/10.22067/jam.v6i2.37796.

6. Ghiasi, P., A. Masoumi, and A. Hemmat. 2016. Designing, construction and evaluation a thresher and concave of
combine for harvesting of sunflower. 10" National Congress of Biosystems and Mechanization in Iran. (In
Persian).

7. Goel, A K., D. Behera, S. Swainand, and B. K. Behera. 2009. Performance Evaluation of a low-Cost Manual
Sunflower Thresher. Indian Journal of Agricultural Research 43 (1): 37-41.

8. Jafari, S. 2008. Design and Construction a Laboratory Sunflower Seed Dehuller Machine. Faculty of Agriculture.
University of Tehran, Iran. (In Persian).

9. Jahani, F. 2014. Designing, construction and evaluation a separator of sunflowwer grain. M.S. thesis. Graduate
Studies Office in Mechanic of Agricultural Machinery. University of Shiraz, Iran. (In Persian).

10. Khazaei, J., A. Lotfi, M. Aminnayeri, and M. Zaki. 2007. Modelling the mechanical damage to lentil seeds under
impact loading. Lucari Stiintifice 49 (1): 262-271.

11. Lotfi, A. 2009. Construction and performance evaluation of a local device for separating sunflower seeds and
environment preservation. AMA, Agricultural Mechanization in Asia, Africa and Latin America. 40 (4): 73-79.

12. Mehrijani, M., J. Khodaei, and S. Zareei. 2019. Modeling and Optimizing of the Energy Consumption of
Moldboard Plow using Response Surface Methodology (RSM). Journal of Agricultural Machinery 9 (1): 167-176.
(In Persian). http://dx.doi.org/10.22067/jam.v9i1.65908.

13. Mirzabe, A. H., and G. R. Chegini. 2016. Effect of air-jet impingement parameters on the removing of sunflower

Archive of SID.ir


https://dx.doi.org/10.22067/jam.v6i2.37796
https://dx.doi.org/10.22067/jam.v9i1.65908

Archive of SID.ir

VWA Gl i iy 31 oolisiusl b (ol (10 SOUST (sladils (g1 0uiagS axly (g3 ludinte oo 3 Hidsgler

seeds from the heads in static conditions. Agricultural Engineering International: CIGR Journal 18 (2): 43-59.

14. Mohtasebi, S., M. Behriizilar., J. Alidadian, and K. Besharati. 2006. A New Design for Grain Combine Thresher.
International Journal of Agriculture and Biology 8 (5): 1560-8530.

15. Muna, N. H., U. S. Muhammed, A. M. EI-Okene, and M. Isiaka. 2016. Development and Validation of Threshing
Efficiency Mathematical and Optimization Model for Spike Tooth Cereal Threshers. International Journal of
Engineering Research and Development 12 (11): 50-60.

16. Popov, I. F., N. I. Kienen, and V. Asakun, 1986. Agricultural machine .Russian Translations Series 31, A.A
Balkema, Roterdam. P: 433-451.

17. Safary, M., and R.A. Chayjan. 2016. Optimization of Almond Kernels Drying under Infrared-vacuum Condition
with Microwave Pretreatment using Response Surface Method and Genetic Algorithm. Journal of Agricultural
Science and Technology 18: 1543-1556.

18. Sagar, M., U. Baligidad, K. Chandrasekhar, and S. Elangovan. 2018. RSM Optimization of Parameters influencing
Mechanical properties in Selective Inhibition Sintering. Materials Today: Proceedings 5: 4903-4910.

19. Salari, K., R. Amiri Chayjan, J. Khazaei, and J. Amiri Parian. 2013. Optimization of Independent Parameters for
Chickpea Threshing Using Response Surface Method (RSM). Journal of Agricultural Science and Technology 15:
467-477.

20. Salokhe, V. M., S. Sudajan, and S. Chusilp. 2005. Effect of concave hole size, concave clearance and drum speed
on rasp-bar drum performance for threshing sunflower. AMA, Agriculture Mechanization in Asia, Africa and
Latin America 36 (1): 52-60.

21. Singh, D., and D. Vinay. 2014. Optimization of machine parameters of Parvatiya Sugam motorized thresher using
response surface methodology. Journal of Applied and Natural Science 6 (1): 207-213.

22. Srivastava, A., C. Goering, R. Rohrbach, and D. Buckmaster. 2006. Engineering principles of agricultural
machines. St. Joseph, Michigan, USA. 2™ ed.

23. Sudajan, S., V. M. Salokhea, and K. Triratanasirichai. 2002. Effect of Type of Drum, Drum Speed and Feed Rate
on Sunflower Threshing. Biosystems Engineering 83 (4): 413-421.

24. Thasaiya, A. S., R. M. Musuvadi, C. Tarsem, Sh. Rajiv, and S. Thirupathi. 2014. Compression loading behaviour
of sunflower seeds and kernels. International Agrophysics 28: 543-548.

25. Ukatu, A. C. 2006. A Modified Threshing Unit for Soya Beans. Biosystems Engineering 95 (3): 371-377.

26. Xu,L.Z.,Y.M.Li, Z Ma, Z. Zhao, and C. H. Wang. 2013. Theoretical analysis and finite element simulation of a
rice kernel obliquely impacted by a threshing tooth. Biosystems Engineering 114 (2): 146-156.

27. Zhenjie, Q., J. Chenggian, and Z. Dingguo. 2017. Multiple frictional impact dynamics of threshing process
between flexible tooth and grain kernel. Computers and Electronics in Agriculture 141: 276-285.

Archive of SID.ir



