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Potato is one of the most valuable foods, after wheat, rice and corn, it is the fourth major crop in the world.
Potato harvesting is one of the expensive and sensitive steps. In Iran, due to the lack of harvesting machines
suitable for the fields of the country (the presence of stones and lumps and lack of humidity control, shortage
and high wages of workers) the area under potato cultivation is small. Separating stones and lumps from
potatoes and damaging the tubers are two basic and unavoidable problems of most potato harvesting
machines. More separation of stones and lumps often leads to more mechanical damage to potato tubers,
and less separation increases labor costs. It is serious that in most of the harvesting machines, several
workers are placed next to the potato carrying belt and separate the stone from the potato to minimize the
damage. The purpose of this study is to investigate the separation of potato from the potato by using the
difference in the coefficient of restitution, in potato and clods. In this research, the effect of different factors
on the accuracy of separation of potato tubers from clods was investigated.

Introduction

More than 370 million tons of potatoes are produced in the world every year and it is considered the fourth
strategic product of the world after wheat, rice, and corn. Potato is one of the most valuable foods, after
wheat, rice, and corn, it is the fourth major crop in the world. In addition to food consumption, it is used to
prepare more than 50 kinds of products, including starch, flour, bread, glue, alcohol, cosmetics, canned
food, chips, glucose, etc. are used. Potato harvesting is one of the most expensive and sensitive steps. In
Iran, the area under potato cultivation is small due to the lack of harvesting machines suitable for the
country's fields (the presence of stones and lumps lack of humidity control, shortage, and high wages of
workers). Separating stones and lumps from potatoes and damaging the tubers are two basic and
unavoidable problems of most potato harvesting machines. More separation of stones and lumps often leads
to more mechanical damage to potato tubers, and less separation increases labor costs. It is serious that in
most of the harvesting machines, several workers are placed next to the potato carrying belt and separate
the stone from the potato to minimize the damage. The purpose of this study is to investigate the separation
of potato from the potato by using the difference in the coefficient of restitution, in potato and clods.

Materials and Methods

In this research, a digester with a diameter of 60 cm was used and the volume of the digester was 0.4 cubic
meters. The standard volume of the maximum substrate that can be loaded is 0.325 cubic meters. Digester
stirring is done by a mechanical stirrer connected to an electric motor in the central part of the top of the
cap. The whole digester has a capacity of three layers of materials, each layer has its own sensors. Acidity
and temperature sensors collect the relevant variable status and store and transfer it to virtual memory
through the electronic control system. The anaerobic digester system in the bioenergy and recycling
laboratory unit has been repaired, and a sample of cow manure was prepared from the animal husbandry
unit around Tabriz and transferred to the laboratory as a substrate for conducting research. The experiment
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was done in three repetitions, and in each repetition, 150 kg of fresh animal waste was poured into the
digester tank with 150 liters of water. Then, to add methanogenic microorganisms to the substrate, 10% of
the total weight of the tank (substrate), i.e. 30 kg of animal rumen, was prepared and added. Each repetition
of this process continued for 30 days, and the temperature inside the tank was kept at the same temperature
as the outside environment (30 degrees Celsius) in the first repetition, and at 35 degrees Celsius in the
second and third repetitions. Mixing was done automatically for 5 minutes only in the second and third
repetitions and every 6 hours, and the mixing speed was set to 100 and 150 rpm, respectively. After the
system started working, gas was discharged twice a day (every 12 hours) according to the production rate
and pressure. The total amount of methane produced until that day was measured on the meter and the
percentage of methane gas produced daily was measured by the methanometer. Also, in this research, using
computational fluid dynamics (CFD), the prediction of the kinetic process of biogas production from animal
waste and the provision of the appropriate stirring cycle during the anaerobic digestion process was
investigated. In the initial stages of the work, data related to an anaerobic digester with an agitator, and
mixing speeds of 0, 100, and 150 rpm were recorded for one month, and the measured characteristics were
converted into the inputs of the ADM1 model. Then, the initial values that were reported during the start-
up stage of the digester were estimated.

Results and Discussion

The results of investigating the effects of the factors show that the effect of all 5 investigated factors on
the separation accuracy is significant at the five percent level. Also, the investigation of the mutual effects
of the factors shows that the investigated factors have a 5-way interaction effect on the separation accuracy
of the system, in this case, there is no need to investigate the double, triple, and quadruple interaction effects
to analyze the results. The best separation percentage was obtained at a rotational speed of 36 rpm and a
distance of 34 cm from the cylinder axis to the separator and the steel cylinder. Maintaining high-efficiency
values requires a coordinated increase in the linear speed of the conveyor belt with the rotational speed of
the cylinder.

Conclusion

For better separation, the horizontal distance between the axis of the conveyor belt and the rotating
cylinder should be adjusted, because it changes the angle of impact of the material on the cylinder, so it is
useful in the amount of effective separation. This distance is determined experimentally. By comparing the
average results, it can be seen that the rotational speed of the cylinder alone does not have a specific effect
on the separation rate, and the tests conducted at all three levels of the desired rotational speed have led to
optimal results. In other words, to achieve the desired result for separation, any rotational speed value can
be used in combination with suitable values for other factors. It seems that the type of cylinder does not
have much effect on the separation accuracy of the system, because the change of the kind of cylinder
changes the amount of the coefficient of separation, but what is important for the separation index is the
difference of the coefficient of separation of potatoes and lumps. Also, the amount of mechanical damage
to the glands is very important. Its goal is to obtain the highest percentage of separation with the least
amount of mechanical damage. The results show that the best separation accuracy is achieved with a steel
cylinder, but when materials made of rubber and unbreakable plastic were used as treatment, it was
observed that there is no significant difference in the results obtained, only the advantage that these
materials have over steel is that they reduce the amount of possible mechanical damage. The horizontal
distance of the axis of the conveyor belt from the axis of the cylinder is one of the factors that affect the
separation accuracy at the level of 1% and 5%. The comparison of the average values of separation
percentage shows that this factor has a significant effect on the separation percentage. Changing the
horizontal distance of the cylinder axis from the axis of the conveyor belt causes a change in the material
collision angle. Increasing the linear speed of the conveyor belt causes the materials to be thrown to a
greater distance, and if the rotational speed of the cylinder and the distance of the cylinder from the
conveyor belt are adjusted in appropriate values, the distance of the cylinder from the divider will be the
determining factor in the efficiency.
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Fig 2. A sample of the mixture of potato tubers and lumps
used in the experiments
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Table 1. Variance analysis table of studied treatments on
potato separation efficiency

Source Type 111 Df Mean F Sig.
b SSum of 4 Square
uares B .5
s q &l oeSibes
Slayye
Slarye ggae
Corrected 569538.853 242 2353.466 8.851 0.000
Model
Intercept 1106403.226 1 1106403.226 ~ 4161.202  0.000
A 96487.989 2 48243.995 181.447 0.000
B 2670.102 2 1335.051 5.021 0.007
C 1770.991 2 885.496 3.330 0.037
D 39356.219 2 19678.110 74.010 0.000
E 176299.959 2 88149.980 331.534 0.000
A*B* 21131.209 48 440.234 1.656 0.005
C*D*
E
Error 129220.347 486 265.885
Total 1805162.427 729

Corrected 698759.201 728
Total
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Table 2. Interaction effect of steel cover and rotational
speed of 36 rpm

B1CiD; Ei(cm) E,(cm) Es(cm)
Ai(m.s?) 85.033 63.393 8.000
Ay(m.s?) 70.377 33.383 7.523
As(m.s?) 38.7 0.000 0.000

BiCiD; Eu(cm) Ez(cm) Es(cm)
As(m.s?) 71.157 95.412 38.827
Ay(m.s?) 69.880 100.000 38.837
As(m.s?) 72.017 90.354 38.770

B1CiD; Ei(cm) E,(cm) Es(cm)
Ai(m.s?) 20.590 2.123 0.000
Ay(m.s?) 43.787 22.830 1.887
As(m.s?) 53.710 25.837 5.823
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Table 4. Interaction effect of steel cover and rotational
speed of 75 rpm

BsCiD; Ei(cm) E,(cm) Es(cm)
Ay(m.s?) 71.083 33.470 0.000
Ay(m.s?) 84.433 44.643 0.000
Ag(m.s) 8.117 0.000 0.000

BsCiD, E,(cm) E,(cm) Es(cm)
Ay(m.s?) 75.697 78.603 45.700
Ay(m.s?) 55.707 61.600 22.410
Ag(m.s?) 52.087 41.727 0.000

B;CiD; E;(cm) E,(cm) Es(cm)
Ai(m.s?) 91.293 63.800 28.083
Ay(m.s?) 43.260 29.193 12.930
Ag(m.s?) 67.377 46.980 20.910
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Table 3. Interaction effect of steel cover and rotational
speed of 58 rpm

B,C:D; E,(cm) E,(cm) Es(cm)
Ay(m.s?) 60.512 55.330 0.000
Ay(m.s?) 82.623 66.097 0.000
Ag(m.s?) 0.000 0.000 0.000

B,C.D, E,(cm) E,(cm) Es(cm)
Ay(m.s?) 50.067 55.073 14.567
Ay(m.s?) 54.433 79.860 16.513
As(m.s?) 58.333 85.747 46.683

B,CiD3 E,;(cm) E,(cm) Es(cm)
Ai(m.s?) 35.900 9.157 0.000
Ay(m.s?) 61.990 24.167 22.693
As(m.s?) 66.940 26.123 24.40
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Table 7. Interaction effect of the rubber coating and the
rotational speed of 75 rpm

BsC,D, Ei(cm) E,(cm) Es(cm)
Ay(m.s?) 40.120 79.113 27.043
Ay(m.s?) 32.467 55.070 3.070
Ag(m.s?) 22.467 29.163 0.000

BsC,D, E;(cm) E,(cm) Es(cm)
Ai(m.s?) 49.103 74.230 70.553
Ay(m.s?) 46.617 74.113 34.150
Ag(m.s?) 43.487 56.693 6.003

B3C,D3 E;(cm) E,(cm) Es(cm)
Ai(m.s?) 82.930 56.230 58.290
Ay(m.s?) 38.653 32.213 18.413
Ag(m.s?) 40.450 36.803 26.400
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Table 8. Interaction effect of unbreakable plastic coating
and rotational speed of 36 rpm

B1CsD, Ei(cm) E,(cm) Es(cm)
Ay(m.s?) 80.937 76.833 26.507
Ay(m.s?) 83.137 57.853 9.670
Ag(m.s?) 14.180 0.000 0.000

B,CsD, E,(cm) E,(cm) Es(cm)
Ai(m.s?) 67.617 62.797 21.023
As(m.s?) 59.130 56.140 13.140
Ag(m.s?) 55.673 52.703 4.933

B1C3D; E;(cm) E,(cm) Es(cm)
Ai(m.s?) 66.710 43.083 6.283
Ay(m.sh) 43.317 43.290 4.497
Ag(m.s?) 41.787 17.730 0.000
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Table 5. Interaction effect of the rubber coating and the
rotational speed of 36 rpm

B:C.D; Ei(cm) E,(cm) Es(cm)
As(m.s) 45,057 60.057 29.213
Ax(m.s?) 80.507 AN 44.617
As(m.s) 16.993 15.980 0.000

B.C.D, Ei(cm) E,(cm) Es(cm)
As(m.s) 19.770 68.563 55.760
Agy(m.sh) 9.467 45.190 28.823
As(m.s) 56.733 57.107 33.837

B:C.D; Ei(cm) E,(cm) E(cm)
Ay(m.s) 68.620 71.433 10.263
Ay(m.st) 38.927 59.197 8.280
As(m.s?) 26.570 36.647 7.953
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Table 6. Interaction effect of the rubber coating and the
rotational speed of 58 rpm

B,C;D; Ei(cm) E,(cm) Es(cm)
Ay(m.s?) 64.133 63.517 43.147
Ay(m.s?) 32.297 30.363 7.390
Ag(m.s?) 16.753 16.557 0.000

B.C;D, Ei(cm) E,(cm) Es(cm)
Ay(m.s?) 40.267 92.767 62.897
Ay(m.s?) 37.363 69.707 39.437
Ag(m.s?) 37.227 34.193 10.287

B,C,D; E;(cm) E,(cm) Es(cm)
Ay(m.s?) 65.720 64.073 46.460
Ay(m.s?) 54.693 36.837 16.770
As(m.s?) 30.917 20.517 14.720
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Table 10. Interaction effect of unbreakable plastic coating
and rotational speed of 75 rpm

BsCsD, Ei(cm) E,(cm) Es(cm)
Ay(m.s?) 48.487 70.873 25.227
Ay(m.s?) 80.307 50.567 8.600
Ag(m.s) 0.000 0.000 0.000

BsCsD; E,(cm) E,(cm) Es(cm)
Ay(m.s?) 81.180 76.583 34.390
Ay(m.s?) 75.137 40.300 24.970
Ag(m.s?) 68.880 38.200 2.060

B;;C;;Dg El(Cm) Ez(Cm) Eg(Cm)
Ai(m.s?) 88.090 79.227 44.260
Ay(m.s?) 29.307 27.503 25.880
Ag(m.s?) 22.877 18.020 9.750
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Table 9. Interaction effect of unbreakable plastic coating
and rotational speed of 58 rpm

B,CsD; Ei(cm) E,(cm) Es(cm)
Ay(m.sh) 83.813 68.227 24.267
Ay(m.s?) 67.250 45,587 8.063
As(m.s?) 4.170 0.000 0.000

B,C3D; Ei(cm) E,(cm) Es(cm)
Ay(m.sh) 65.700 60.410 42797
Ay(m.s?) 62.193 56.057 13.790
As(m.sh) 58.697 36.000 5.150

B2C3D; Ei(cm) E,(cm) E(cm)
Ay(m.sh) 85.510 72.017 18.457
Ay(m.s?) 50.283 20.143 16.120
As(m.s?) 22.113 10.580 0.000
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