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2- Node region
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1- Boundary conditions
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3- Adjusted determination of coefficient
4- Partial determination of coefficient
5- Multi layer perceptron

6- Neural network of back propagation
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1- Ccoefficient of non-uniformity
2- Response surface methodology (RSM)
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1- Sigmoid function

2- Levenberg-Marquardt

3- K-fold cross validation

4- Root mean square error

5- Mean relative deviation modulus
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Fig.5. The general scheme of the artificial neural network structure used in this research
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Table 4- Descriptive statistics parameters obtained from simulation data of tillage operations
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Foig:s Mean of used Standard Minimum Maximum Coefficient of Coefficient of non-
data (kN) deviation (KN)  value (kN) value (KN) variation (%) uniformity (%)
S 9 9.13 3.21 4.89 14.62 4.09 106.57
Draft force
2908 S92 6.89 2.47 4.02 12.75 2.19 12671
Vertical force
ol S 436 132 2.59 7.35 3.20 109.17

Lateral force
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Table 5- Statistical index results for choice best model between response surface methodology models
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Table 6- Analysis of variance (ANOVA) of forces on moldboard plough

. ©lee g0
Je (g1 il $3ljl e s Sum of square

Model Degree of R . R R
Draft force Vertical force Lateral force

Jue 5 51.63™ 25.26™ 11.03"
Model

X 1 43.85"

* * Kk

21.55" 8.50

Kk Kk Kk

X, 1 4.32 2.47 1.53

*

XX, 1 0.15™ 0.81 0.051"

* * *ke

X2 1 1.37 0.34 0.63

* Kk

X,? 1 0.71 0.42 0.049™

Hiln pa 3 1.24™ 0.14™ 0.17™
Lack of fit

ossle
Residuals
a3
Error

7 1.41 0.20 0.19

12 53.03 25.46 11.21

** =P <0.01, * =P <0.05, ns = non-significant.
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Vertical force = 6.14160—0.27614 X, —1.23100 X ,+0.0.047480 X, X , + 0.016789 X2 +0.29200 X3 (10)
Lateral force = 2.69840—0.057509 X +0.089000 X , +0.018520 X, X , + 0.006515 X ? (V%)

2l 1y Gooly o gy YL T 080 395 slagimgly 2 34 sl wwiia (CF) 5 (B-F) (AF) sladss
(Maran and Priya., 2015; Mostafaei et al., 2016) wlo>,S Sy ol o i pdlie g Bly polie o s Cudlae
(S $us cuas dSud Ghigy s oael Cuads sladas oY elely Blie Jae bwg (Sl 5 (o350 (oS
J <yt MRDM 4 RMSE R? (g)b] (63,Skas ol lne SoMd mgphn 9 Bly ol o cwle Cdilhe een
oy dal Canddy e gme uas &b lawg & IS (g9 oo ol (Wb g ges (S sl
Gy jbas oyl Cpizen Xi3gr VVOYZ 5 +/VAR KN +/23A M P gne zmen 5 e cpl 4 bgsye ()bl (3,Sles
Gl s YIVEAL o «IVEY KN /R85 Cipay (63505 Sy S ol g F Jo) S 29 ladie Ghjly pae
el K535 VADSY, o VYV KN /20N o iy ils 59y elio 5 Vb T €83 b g o3 a (18) 5 (10) (1Y) slaelal,
oS old e 5 By Sy Bile sl dgel 4 drgi b ot LS el oly slacsg polie Wil e
e oy el Candts il 5 (53905 oS (sl (sl Historical z,b 5l sslizal i e |y YU bns <85 ) Juls i
A-Y sla ) 2903 saalie Wodly o 0 1) coslie  Sed 4 Losly yslde 5l 2Yh dop jl z)b opl 5 &5 |z g ) data
5 bl 63,Slas cbjhms calio py3lie 4 axgs by (C-V B-Y Gl oJse <> s ren b g oo odlitul (giloJae gl
0dd miie 5 wdly clodh n cawlie e puzen ORiagh 5l (B owomen gy Vb Sl se polie aiie



\va

oLl b 110 55 1 (BT 319,19 Glog pd (St 9 S5l

PP A s 4Swd 13905 o &S o Simgh ple oS b el
Taghavifar ) o)l callas sl Hai 3)50 yuolde oy 4 ;0B
and Mardani, 2014a; Taghavifar and Mardani, 2014b;

.(Shafaei et al., 2018

15
141
'?—j 13+
< -
g n
v S 12
- &n
¥ oa
\'E- £ 10}
£ =
S o
g o
I_;i» o
3 «
TR
=
?

O Data
= Best Linear Fit

vee (Drafl Force), = (Draft Force),,

6 7 8 9 10 11 12 13 14

(KN) (o225 (55 (gn3ly olie
Actual draft force (KN)

(A)

~ 6.5
Zz
Glg"’
. &
v g
GQ_S,S
i E
s 8 5
£ =

=

S 45
12
L
Ty
v Z
I3 35

3 3.5 4

4.5

@Yl Cd b g o (sghan as b S S lye
S 2lgl 2 o)ly (Sl g (s3g0e ¢ btS Glagys Cunly
S Cople Vb B b o opl Jdd S oo
ot b (b pt gledkly 05 4 Slgie & Cul as
Casddy Lisy cpl 3 &S ool (Mostafaei et al., 2016) .S

(N) 20105 [EO1LIA PI)OIPaI

e FeES mpe (6D 3o%0 ()

gk
6
B f O Data
- P {-; = Best Linear Fit
~ «xeas (Vertical Force),, = (Vertical Force),,
5 6 7 8 9 10 11 12

KN) (53308 g9, (=ly polia
Actual vertical force (KN)

B)

O Data
= Bset Linear Fit 4
wuras (Lateral Foree), = (Lateral Force),

5 55 6 6.5

KN) (Sl 59500 o8l polia
Actual lateral force (KN)

©)

P G955 —C g (53908 (595 ~B (S (9 —A el o g, by 00 i g (Bl ol oges —T1 JSW
Fig.6. Mapping between predicted and actual values by Response surface methodology: A- Draft force, B- Vertical
force, C- Lateral force
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Introduction: Tillage is a very important operation that influences the growth and productivity of agricultural
products. It is necessary to introduce some conditions to improve soil physical properties, aeration, permeability
and root development in tillage operations. However, in primary tillage, especially when moldboard ploughs are
used, this may be time consuming and costly for researchers to use it in their research. Some researchers use
physical experiments to perform the work, which the accuracy of the results is dependent on the measuring
instruments precision. However, some other researchers use simulation and mathematical modeling to reduce the
time and costs and increase the relative accuracy of the research results. Many studies have also shown that
modeling the forces involved in tillage is a good way to estimate the performance of different tillage tools and
improve their geometry. However, the key to success in numerical simulation of tillage operations is to simulate
the exact instrumentation, based on the correct assumptions as well as the proper methods. The prediction of the
forces involved in tillage tools has an important role in their design. Collecting data on the forces involved in
tillage tool under different farm conditions is a time consuming and costly task. Therefore, the prediction of a
tillage tool forces is very important for the designer and the user in order to achieve better performance of the
tool.

Materials and Methods: In this study, a cylindrical moldboard made by Alpler Company in Turkey was used to
simulate the moldboard. A measuring device was designed and constructed to measure the various points of the
desired moldboard. Then, the spatial points obtained by the measuring device were presented to the SolidWorks
2016 software and the desired moldboard was modeled. The finite element method by Abacus 2016 was then
used to simulate the interaction between soil and moldboard. Treatments used in simulated tillage operations
included tillage depths (5, 10, 15, 20 and 25 cm) and forward speed (1, 1.5, 2, 2.5 and 3 millimeters per second).
The independent variables were considered as tensile, vertical and lateral forces (Kilo newton). After simulating
the tillage operations, tensile, vertical and lateral forces were obtained. These forces were modeled usinzg
response surface and artificial neural networks techniques. Then, the obtained models were compared using R,
RMSE and MRDM statistical indices and the best model was selected.

Results and Discussion: When using the response surface method, the quadratic model was selected by using
the maximum value of the statistical indices R?, R%a and R?p, among the linear, two-factor and quadratic models.
Then, the significance of model variables was evaluated by using variance analysis. The forces were also
modeled by using the neural network method. According to the fitting curves and statistical indices of R?>, RMSE
and MRDM for the tensile, vertical and lateral forces, it is revealed that both methods could well predict the
forces but artificial neural network was more suitable than the response surface method. Moreover, by
investigating the interactions of tillage treatments and forward speed on the forces in this research, it was
observed that by increasing the depth of tillage and velocity, tensile, vertical and lateral forces were increased
nonlinearly by 66.55%, 68.47%, and 64.76%, respectively.

Conclusions: Regarding all the results obtained from this study, it can be concluded that the developed models
using the artificial neural network in this research was a good and powerful tool for predicting the forces
involved in moldboard ploughs both in the field operations and in related studies. It is also recommended that the
developed models in this study can be used to manage the tillage operations, such as selecting the proper tractor.
However, it is also suggested that other affecting factors, such as moldboard angles, should be included in future
models to increase the ability of the model to predict the forces involved in moldboard plows.
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