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Introduction

One of the biggest problems in growing legumes like peas is harvesting these types of crops. During the
machine harvesting process the harvest loss is very high. Therefore, in most parts of Iran chickpea harvested by
hand and this is very tedious. Based on the literature review there are different types of harvesting machines
which designed, constructed and optimized by Miller et al., 1990; Golpira, 2015; Shahbazi, 2011; Jalali and
Abdi, 2014; Mahamodi, 2016. But using different varieties of chickpea in mountainous areas has limited the use
of harvesting mechanisms. The purpose of this study is mechanization of the harvesting process of chickpea with
low losses and suitable performance. Moreover the optimization process of lowering the weight of the header
was carried out by modeling of software.

Materials and Methods

To reduce the amount of chickpea losses from the reel, a perforated plate with defined holes was installed in
the header, where the separated chickpea pods fell behind the plate without returning to the farm. By using the
plate in the header of the chickpea harvesting machine and by changing the harvesting height at the three levels
of 10, 15 and 20 cm and the distance of the cutter at three levels of 3, 5 and 7 mm, the performance of the
machine was evaluated. The experiments were carried out with Caboli variety cultivated in Kurdistan province,
which is proper for mountainous areas without regular watering condition in three replications. The plants were
placed in a fiber, wooden plate considering farm conditions. In addition, the header was modeled statically and
dynamically under the influence of the external forces applied to the header using Ansys and Abaqus software.
Based on the actual data, the validity of the applied model was determined and according to the verification
results the optimization of the header was performed considering minimal weight (to reduce energy
consumption).

Results and Discussion

The evaluation results of the performance of header showed that the effects of using perforated plate and the
height of the header for harvesting on the chickpea harvesting and losses are significant at the level of 1% and
5%, respectively, and the interaction between perforated plate and the header height on the chickpea loss is
significant at 5%. Using a perforated plate in the harvesting machine increases the amounts of chickpea collected
from the farm increases. In this condition the chickpea pods separated from the plant and passed through the
plate. With the separation of the stems, due to the proper wear that exists between the plate and the reel, the pods
are properly separated and pass through the perforated plate. Moreover, the chickpea loss is higher for the system
without perforated plate. The effect of the distance between the reel and header plate is affects the remaining
chickpea on the plate. By increasing the distance from 5 mm to 7 mm the amount of harvested had a
considerable effect. The best method of harvesting chickpeas is at the kinematic index of 1.5 with perforated
plate, the harvesting height of 15 cm and the distance of 5 mm. According to modeling processes of the reel and
the results of the static analysis, the minimum and maximum stress values were recorded about 3.31 MPa and
6.50 MPa (based on the von misses criteria), respectively, which is very small compared to the yield stress of the
reel constructed with St-37. Also, the results of the dynamic analysis of the reel showed that the maximum von
misses stress occurred with increasing the kinematic index. The maximum stress for kinematic index of 1, 1.5
and 2 was observed about 32.2, 40.1 and 52.72 MPa, respectively. The results of 3D model validation showed
that the applied model with Abaqus software (R>>0.9264) was able to predict the amount of stress in different
parts of the reel.


https://jame.um.ac.ir/
mailto:h.samimi@uok.ac.ir
https://doi.org/10.22067/jam.2021.69403.1028
https://doi.org/10.22067/jam.2021.69403.1028
https://jame.um.ac.ir/page_46.html?lang=en
https://jame.um.ac.ir/page_46.html?lang=en
https://www.orcid.org/0000-0002-1558-1181
https://www.orcid.org/0000-0001-6393-0326

1Fo) Gylimo o F olous AT w5 5yglins” (glomiilo a5 it FAY

Conclusion

In this study, the changes were made on the chickpea harvesting machine to get the proper performance and
increasing machine efficiency. A perforated plate was used to prevent pea’s losses. The best condition for the
harvesting process is obtained with the harvesting height of 15 cm and the distance of 5 mm. By using 3D
modeling of the reel weight was reduced about 10%.
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Fig. 1. a) Schematic of Chickpea harvesting machine, 1. Perforated plate, 2. Middle axis, 3. Speed change gearbox,
4. Belt and pulley mechanism, 5. Pulley and axle, 6. Belt, 7. Power shaft, 8. Carrier wheels, 9. Reel, 10. Header, 11.
Adjustment arm b) The harvesting process for the experiments
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Fig. 2. Meshing of reel and the forces applied to it considering internal and external forces
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Table 1- Physical and mechanical properties of rod and paddles of reel

dlgo i oy Cami  (kg.m?) J&s  (MPa) dipmiw! Jouto
Material type Poisson's ratio Density Elasticity modulus
s 0.3 7830 205
Steel
Nl 0.27 1000 0.7

Wood
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Fig. 3. The schematic of circuit and strain gages to measure the stress of the part
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Table 2- The results of analysis variance of the effects of different parameters of the header on the amount of harvested
chickpea, chickpea loss and residual chickpea on the plant

Ot il @ilaryy  Olujeggome  Olupe olbe o
Source of variances DF Sum of squares Mean squares
Sidboo dbn
i ) ) 129.53*
Perforated plate ! 0.0417 0.0417
alos glis)l .
’ 2 . 1 . 1 9.34
Header height 0.0060 0.0030
SE g dob 2 0.0048 0.00024 0.75
Reel distance
il yy 2950 atloy glis,l x Ko doxino
ol Header heightxPerforated plate 2 0.355 0.00177 251
H?]r-vekswd B e ol Hude i 2 0.0098 0.00049 1.52
Chickpea Reel distancexPerforated plate ' ' '
S > alols xaclod glas,)l
Reel distancexHeader height 4 0.0015 0.00004 0.12
S F e a8l alols xasley gl x Sidtio donino
Reel distancex Header heightxPerforated plate 4 0.0053 0.0025 112
Error s 27 0.0101 - -
Total  goemo 44 0.43421 - -
’ 1 .02452 .02452 542.51*
Perforated plate 0.0245 0.0245
4o glis)| 10.8°
Header height 2 0.00098 0.00049 .
SE g2 dote 2 0.0016 0.00008 1.75
Reel distance
. R aled gl x Sidtio donino B
PR b‘u - .
g%ﬁ&a Header heightxPerforated plate 2 0.00093 0.00046 10.28
Loss S L ol xSt ko 2 0.00008 0.00004 0.9
Reel distancexPerforated plate ' ' '
S o alold x asley gl
Reel distancexHeader height 4 0.00064 0.00016 3.52
S 87 dolbxeclos 8 xS ko 4 0.00722 0.0007 0.152
Perforated platex Header heightx Reel distance ' ' '
Error las- 27 0.0016 - -
Total  ggexe 44 0.03757 - -
; 17.39°
Perforated plate ! 0.00169 0.00169
acloy gl
Header height 2 0.00075 0.00038 3.85
SE g ol 2 0.00502 0.00251 25.77°
Reel distance
gy (9 0le 3955 aelod gl )| X Sudio dxitn
Refsidual Header heightxPerforated plate 2 0.00056 0.00028 2.88
o?t]rlnzkgﬁﬁwt 0 £ fobrtide i 2 0.00049 0.00024 2.51
Reel distancexPerforated plate ' ' '
S o alold x acley gl
Reel distancexHeader height 4 0.00129 0.00032 3.3
S @ el el gl xSk oo 4 0.0013 0.002 1.952
Reel distancex Header heightxPerforated plate ' ' '
Error 158 27 0.0012 - -
Total  ggee 44 0.0124 - -

Significant at level 5% (/0 gaw )yl gxa” **: Significant at level 1% (£V xaw ) 45 e sl =
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Fig. 4. Comparison of the mean effects of a) the perforated plate and b) header height on the percentage of
harvested crop
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