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Abstract—The draft force and power requirements of tillage
equipment are important metrics for agricultural equipment
designers. Yet, a theoretical model to find these metrics for
combined tillage equipment is lacking. To overcome the afore-
mentioned limitation, this article presents a theoretical model to
evaluate the draft force resulting from an implement consisting
of both a disc plough and a subsoiler, and estimate the power
requirement of dragging such an implement using a tractor. Ex-
isting models used to predict draft force for separate implements
were incorporated herein to formulate the modified model. The
model predictions are validated with discrete element method
simulations. Additionally, the results show that implementation
of a tandem tool configuration helps to reduce the draft force
of the tool that follows the preceding tool in the sequence, albeit
by a smaller amount (≈ 7-13%). Further modifications to the
theoretical model are needed to generate more accurate results.

Index Terms—Combined tillage, Disc plough, Draft force, Sub-
soiler, Mathematical model, DEM

I. INTRODUCTION

There exists, multiple mathematical models formed with the
intention of predicting the dynamics of the disc ploughing pro-
cess and subsoiling in agricultural engineering research, with
the degree of accuracy varying from high to low. However,
the models that yield the most accurate results require complex
calculations where the final result depends on multiple dimen-
sionless factors. Therefore, a dedicated computer programme
is required to iteratively evaluate each scenario with respect to
a database consisting of these factors, in most cases requiring
further interpolation to reach a final result [1], [2]. However,
there are mathematical models that do not require such a
rigorous process, to predict the draft forces for standalone
tilling operations such as disc ploughing [3] and subsoiling
[4]. Here we aim at constructing a mathematical model to
evaluate the draft force in a combination tillage equipment
with the help of existing models.

The rest of the article is structured as follows. Section
II shows the mathematical model formulation. Section III
presents the discrete element modelling of ploughing opera-
tions. Section IV presents the results obtained from mathemat-
ical models and simulations. section V concludes the findings
of the research.

Akila Elangasinghe, Prageeth Fernando and Januka Colambage contributed
equally to this work. Corresponding author: Lihil Uthpala Subasinghe.

II. MATHEMATICAL MODEL

To calculate the forces in the disc ploughing process of
this combined tillage implement, the mathematical model
presented by Ahmadi [3] is followed. In this model, the forces
related to the disc ploughing process are categorized into three
types namely, (a) draft force due to soil cutting process, (b)
draft force due to soil displacement process, and (c) draft force
due to the friction between the disc and soil.

A. Accounting for overlapping in a gang of discs

In most disc ploughs the operation is carried out by a
row of discs rather than one. This helps to cover the whole
field in a lesser number of runs while saving fuel hence
increasing the efficiency of the whole process. When operating
with a gang of discs, depending on the distance between two
adjacent discs and the disc angle, there is a possibility of the
preceding disc overlapping the cutting area of the following
disc thereby reducing the force associated with it [3]. This
scenario is considered in the selected model [3] however, it is
less convenient for the user, especially for iterative use.

As shown in Fig. 1, the overlapping area of a disc plough
depends on disc radius (rd), the distance between adjacent
discs relative to the disc face projected onto a vertical plane
(gv), disc angle (θ) and the depth of cut (hm). Additionally,
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Fig. 1. Disc gang: (A) Vertical projection of disc face plane in front view
with accounting for tilt angle, (B) Top view (note that due to simplicity of
illustration zero tilt angle (α = 0) is considered)978-1-6654-8786-3/22/$31.00 ©2022 IEEE



λ relates to the acute angle between disc center and soil-disc
intersection, while b1 and b2 represent geometrical parameters
of discs in the topsoil level. Acute angle (λ) could be derived
as λ = sin−1((rd cosα− hm)/rd cosα). Distances b2 and b1
could be derived as b2 = 2rd cosα cosλ and b1 = b2 − gv .

The topsoil level can be derived from α and hm projected to
the vertical plane parallel to the disc face. If an overlap occurs,
the sum of this length segment of the 2 discs will be greater
than gv and the difference between the two values widthways.
The ratio between widthways (OP = b1/b2) remains the
same regardless of the disc angle (θ) because the plane that’s
being considered in the calculation is perpendicular to the
disc face. The ratio OP governs the integration limit when
accounting for passive cutting force Pc [3]. Therefore, any
method of achieving that target should be looked upon. Once
this modification is done, the user can relate to the overlapping
of discs in terms of basic design parameters. During the design
process, gv could be changed to increase efficiency.

B. Incorporation of Subsoiler

The theoretical model to be referred in this article to predict
the forces of subsoiling operation is published by Ahamadi in
2017 [4]. In this model, there are no dimensionless factors.
Hence, the calculation process can be easily navigated through
a simple spreadsheet to arrive at the draft force results.

C. Accounting for tandem tool configuration

The most prominent feature in this design is the integration
of two tillage tools which is a disc plough followed by a
subsoiler. It has been proven experimentally that, a tandem
configuration will make the draft requirement of the following
tool reduced when compared to the preceding tool [5]. This
experiment was done by choosing a chisel plough as the
preceding tool and a subsoiler as the following tool. The reason
for this reduction could be due to the change in soil mechanical
properties after a tillage tool has been dragged through the soil.
The soil stress strain behaviour remains linear only when the
soil remains as a continuous body. When excessive tension
and shear distortion is applied, it causes a significant change
in the soil structure and density, forming a new structural
unit in place of the old soil structures with the inclusion of
additional air voids and a change of soil density [5]. Loosening
of the soil decreases the soil dry density and increases the
total porosity of the loosened layer by altering the pore size
soil distribution [6]. The resulting density change is found
to have a relationship with the depth of cut and the tool
geometry parameters such as thickness, width, and angle of
inclination, with narrower tools contributing to a much higher
soil loosening change [5]. This tool geometrical property is
called slenderness ratio (d/w); the ratio between operating
depth d and tool width w.

Experiments carried out by Maswaure [6] managed to plot
the relationship between tool working parameters and the
percentage of soil loosening. This relationship can be used
to find the soil density change after a tillage process. Even
though the loosening results are based on chisel ploughs and
mostly mouldboard plough, the results can be related to disc
ploughs as well because it has a similar relationship [7]. Since
we are looking to find the percentage density change due to the
disc ploughing process, we should choose the tool parameters
relevant for a disc plough in order to use the same experimental
results. Therefore, in this case we chose the width of disc
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Fig. 2. Soil volume consisting regions of two distinct soil densities

face at the plane of the soil surface as the tool width (w) to
find the slenderness ratio (d/w). Those geometrical parameters
relevant for the disc plough are taken from [8]. This ratio will
then be used to arrive at the resulting soil loosening percentage
([γ0 − γ]/γ0) from the experimental graphs provided in [6].
Here γ0 and γ indicate soil dry densities prior to and after
the mechanical agitation process. The resulting soil density
change was then used as an input parameter when calculating
the draft force of the subsoiler, which comes after the disc
plough. The interesting thing to note here is that if the hardpan
layer reaches over the level at which the disc flow operates, this
subsoiler will be in operation in a soil that has two distinct dry
densities. Therefore, the theoretical model which calculates the
draft force should be modified to fit the new dry density to
account for this property change.

Even though it’s possible to alter other soil mechanical prop-
erties (such as cohesion) due to the disc ploughing process, the
amount of research carried out in that area to incorporate such
changes successfully into a mathematical model is insufficient.
Therefore, throughout this model it is assumed that remaining
soil mechanical properties remain constant.
D. Modifying passive cutting force and force due to working
velocity

In the theoretical model developed to determine subsoiler
draft force [4], the soil volume disturbed due to the cutting
operation is indicated by a rotating triangle adding up to create
a portion of a cone with a cylindrical hole, as illustrated in
Fig. 2 (end view projection). The same volume portion is
used when defining the force due to working velocity. If the
resulting total equivalent density of this soil volume (due to
the addition of two different soil densities) can be calculated,
that parameter can be used to calculate the new passive cutting
force. The equivalent density can be expressed by,

ρsoil
′ =

ρsoil ,1V1 + ρsoil ,2V2

V1 + V2
(1)

Here the term (ρsoil,1) indicate the soil density of the top
volume portion (V1), and (ρsoil,2) indicates the soil volume
of the bottom volume portion (V2). The volume of the first
portion V1 is calculated by considering a differential volume
indicated by (3). Then it is integrated between β and −β to
find the final value of V1. The L, r, and β are geometrical
parameters of the passive soil failure volume which are defined
in [4]. The parameters hd and ht indicate the working depth
of the disc plough and subsoiler, respectively.
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4
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)
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The volume of the second portion is similar in shape to the
total volume. Therefore the same equation presented in [4] can
be used to calculate its volume, with relevant entities matched
to fit with the modified case, as illustrated in Fig. 2.

V2 =
β (L′ + 2r) (L′ − r) (hc − hd)

3
(4)

Finally, the equivalent soil density is given by (1) calculated
by substituting the integral of (3), and (4). This equivalent
density ρsoil

′ is then used to calculate the passive cutting force
Pc and force due to working velocity Pdx.

E. Modifying draft force due to friction

In the model presented by Ahmadi [4], the friction force
(F) consists of three components.

• soil-metal friction from either side of subsoiler shank(Ft)
• soil-soil friction from the wedge formed in front of the

subsoiler (Fb)
• soil-metal friction from the subsoiler base (Ff )

The first two friction forces are modelled through integration
of a differential volume consisting of the subsoiler shank and
the developed soil wedge, from ground level to the subsoiler
base. These forces are functions of the depth from ground
level (z). Therefore, when there are two different soil layers,
the effect of varying soil density should be considered.

The total friction force is given by,
F = Fs + Ff (5)
Fs = 2 (Ft + Fb cosβ) (6)

ρsoil =

{
ρsoil ,1 0 < z < hd

ρsoil ,2 hd < z < ht

(7)

Then the integration limit is divided up into two subsections
to accommodate the soil density changes. The equations given
for the forces Ft and Fb are modified as in (9) and (10).

Ft =

∫ hd

0

tan δ
(
Kpρsoil ,1gz + 2C

√
Kp

)
tdz

+

∫ ht

hd

tan δ
(
Kpρsoil ,2gz + 2C

√
Kp

)
tdz (8)

Solving the integration for the total length of the subsoiler
shank,

Ft = t. tan δ
(Kpg

(
ρsoil, 1h

2
d + ρsoil, 2

(
h2
t − h2

d

))
2

+ 2Cht

√
Kp

)
(9)

Similarly,

Fb =
b tanφ

2 cos
(
π
4 + φ

2

)(Kpg
(
ρsoil ,1h

2
d + ρsoil ,2

(
h2
t − h2

d

))
2

+ 2Cht

√
Kp

)
(10)

To calculate the soil metal friction resulting from the
subsoiler base (Ff ), the equivalent density of the soil volume
is required for a volume consisting of the area of the subsoiler
base (Af ) extruded vertically up to the ground level.

Since the area does not change with the height, the equiv-
alent soil density ρ

′′

soil can be calculated from (11).

ρ′′soil =
ρsoil,1 hd + ρsoil,2 (ht − hd)

ht
(11)

Therefore,

Ff = Afhtg tan δ · ρ′′soil (12)

By Substituting (5) with (6) and (12), the total draft due to
the friction can be calculated.

Finally, the total draft force is expressed by the addition of
passive cutting force (Pc), the force due to working velocity
(Pdx), and force due to friction (F ).

FD = Pc + Pdx + F (13)
F. Calculating the tractor power requirement

The reason for introducing an additional step to the math-
ematical model to calculate power of the prime mover is to,

• determine the power requirement
• determine the fuel consumption of combined implement
Using a tractor is one of the highest energy consuming

operations associated with soil work operations in farming
systems. In order to compare the variable depth ploughing
system with the conventional ploughing procedure, an ex-
perimental or a mathematical approach is required. In the
developed mathematical model, power losses due to several
reasons are considered to obtain the fuel consumption of the
tractor after the completion of ploughing operation. The main
power consuming mechanisms considered when developing
the model are; (i) power consumed by rolling resistance, (ii)
power consumed by drawbar pull, (iii) inertia resistance, and
(iv) power consumed by slip.

Apart from the above, aerodynamic drag is also a power
consuming mechanism that can be neglected here due to low
operational velocity of the tractor [9]. Power consumed by
rolling resistance depends on the vertical dynamic load on the
tyre and the rolling resistance coefficient between the tyre and
the ground. Load on the tyres changes with acceleration as
well as the draft and vertical forces of ploughing equipment
hence altering the rolling resistance [9], [10]. Determination
of power consumed by slip is difficult with the proposed
mathematical model since the slip ratio depends on several
tyre parameters such as tyre inflation pressure, soil conditions,
and tyre design [11], [12], [13]. A general equation is used to
calculate the slip in the proposed model considering an ideal
slip ratio of 12% - 15% maintained throughout the ploughing
operation [13]. Indicated below is the procedure followed to
utilize the equations to obtain fuel consumption [9], [10], [14].
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Both the draft force on discs and subsoiler is considered
when calculating net drawbar pull which leads to the estima-
tion of energy consumption.

Considering force balance for the trailer,

Fd = m′a+Rd (14)

where Fd, m′, a, and Rd indicate dragging force on the
hitching point, mass of the implements, operating acceleration,
and net drawbar pull, respectively.

Since the vertical component of the draft force acting on
the drawbar (Rdz) is relatively small when compared to the
weight of the implements m′g, for simplicity the vertical force
on the hitching point (Fz) can be represented as,

Fz = m′g (15)

Using a simple force equilibrium, dynamic load on front
and rear tyres (Wf and Wr) can be represented as,

Wf =
w · L2 −m · a · h− Fd · hd − Fz · hz

L

Wr =
w · L1 +m · a · h+ Fd · hd + Fz · (L+ hz)

L

(16)

Here parameters L,L1, L2, hH , hz and h are geometrical
parameters unique for a given tractor. The definitions are given
in Table III and graphically represented in Fig. 3. m and w
represent the mass and weight of the tractor, respectively.

Power consumed by rolling resistance (Prr) can be defined
by the rolling resistance coefficient of tyres (Crr) and Tractor
velocity (Vf ).

Prr = (Wf +Wr) · Crr · Vf (17)

Power consumed by drawbar pull (Pdp) is given by,

Pdp = Rd · Vf (18)

Power consumed by inertia resistance (Pin) is given by,

Pin = (m · a+m′ · a) · Vf (19)

Wheel slip (S) in general is represented as a function of
the dynamic radius of the wheel (rdyn) and angular velocity
of the wheel (ωw). But for a tractor, there is an experimental
procedure for the determination of the wheel slippage [15].

Slippage(S%) =
(Vf − rdyn · ωw)× 100%

Vf
(20)

The resultant power consumed by slip (Psl) can be calcu-
lated using (17), (18), and (19).

Psl = (Prr + Pdp + Pin) ·
(

S

100− S

)
(21)

Four parameters namely, time spent on the operation (t),
unit energy supplied by fuel (Eu), engine efficiency (ηe), and
mechanical efficiency of the tractor (ηm) are required to find
the fuel consumption (FC).

FC =
(Prr + Pdp + Pin + Psl)× t

ηm × ηe × Eu
(22)

Engine efficiency includes the combination of several losses
such as chemical energy losses and heat losses of the engine.

TABLE I
INPUT PARAMETERS UNIQUE TO THE DISC PLOUGH

Parameter Symbol Definition Value
rd (cm) The radius of disc blade 30
md (kg) Mass of a disc and frame 150

N Number of discs 2
θ (deg) Disc angle 55
α (deg) Tilt angle 10
gv (cm) Distance between adjacent discs 40
hd (cm) Disc plough operation depth 15, 20

TABLE II
SUBSOILER GEOMETRICAL PARAMETERS AND OTHER SOIL AND STATE

INPUT PARAMETERS USED FOR COMPARISON

Parameter Symbol Definition Value
ρsoil ,2

(
g cm−3

)
Undisturbed soil density 1.301

v
(
kmh−1

)
Working velocity 3.5

ht (cm) Total Depth (subsoiling) 35,42
w (cm) Wingspan 30
b (cm) Shank width 5
t (cm) Shank thickness 15
C (kPa) Cohesion 10.2
φ (deg) Soil internal friction angle 38
δ (deg) Soil metal friction angle 22

Af

(
cm2

)
Area of subsoiler base 150

TABLE III
INPUT PARAMETERS REQUIRED TO CALCULATE THE TRACTOR POWER

AND FUEL CONSUMPTION RATE

Parameter Symbol Definition Value
m (kg) Tractor mass 3130

m
′
(kg) Mass of the implements 423.5

Vf

(
kmh−1

)
Forward velocity 4

hd (cm) Disc plough operation depth 15,20
ht (cm) Subsoiling depth 30,40
L (cm) Wheelbase 260
L1 (cm) Distance to front axle from CoG 161
L2 (cm) Distance to rear axle from CoG 99
h (cm) Centre of gravity height of the tractor 62

hz (cm)
Hitching point distance from

the rear wheel 30

hH (cm) Hitching point height 61
S Slippage percentage 12

Crr Rolling resistance coefficient 0.04
Eu (kJ/l) Unit energy supplied by fuel 38000
Pr (kW) Rated power of the tractor 60

It is typically a value that comes around 30% [16]. Mechanical
efficiency (including power transmission efficiency) varies
from 56% - 86% with a mean value of 72.5% [17]. A 4-
wheel drive tractor is considered for the above developed
mathematical model hence the effect of braking or weight
transfer is not accounted considering the driving conditions.

G. Input parameters for the mathematical model

The input parameters used are given in Table I and II. The
soil input parameters used in the calculations are based on
sandy loam soil, typically found in areas where mechanized
soil preparation is performed in Sri Lanka [18]. The mechani-
cal properties of this soil have to be experimentally determined
using accepted standard laboratory tests, but in the absence
of that procedure, the soil parameters that are used for this
calculation are taken from [2] due to it’s similarity in the
texture. It is important to note that undisturbed soil density
relates to the density of soil prior to any tillage operation.

Since Sri Lankan agricultural sector is in focus, it is
important to select a commercially available tractor in Sri
Lanka that is capable of handling the power requirement of
this combined tillage operation. As discussed earlier, factors
such as wheel slip and rolling resistance are added to tillage
implement draft forces to get the total tractive force required



TABLE IV
DISCRETE ELEMENT METHOD SIMULATION PARAMETERS

Parameter definition Value Reference
Particle size (mm) 36 [22]

Particle distribution Mean = 1 [23]SD = 0.052
Soil-Soil static friction coefficient 0.2 [23]

Soil-Soil rolling friction coefficient 0.2 [23]
Soil-Tool Static friction coefficient 0.7 [20]
Soil-Soil Coefficient of restitution 0.55 [20]
Soil-Tool Coefficient of restitution 0.5 [20]

Soil bulk density 1300 [20]
Soil-Tool Rolling friction coefficient 0.2 [24]

Soil shear modulus (MPa) 50 [20]

from the tractor. To proceed with the calculations, TAFE 8515
tractor is selected and its specifications are given in Table III.
It is important to note that calculating the total draft force of
this implement also requires calculating the drag force of the
disc plough, for which theoretical model [3] can be used. To
keep consistency, the same soil parameters mentioned in Table
II are used herein. The machine specific parameters for both
the disc plough and the subsoiler are the same as in Table I and
Table II. The relationship of fuel consumption with the tractor
power is a function of the time taken for the operation which
in fact heavily depends on the field area. In this stage of the
theoretical model, the relationship toward fuel efficiency will
not be analysed in a site-specific sense, because the results are
derived for a subsoiler operating at a constant depth. But the
fuel consumption rate can be calculated for a constant depth
tillage operation with this combination tillage implement.

III. DISCRETE ELEMENT MODELLING OF PLOUGHING
PROCESS

Recent advancements in the field of computation have paved
the way to simulate the draft forces induced by agricultural
implements by Discrete Element Method (DEM) to account
for disadvantages in traditional field tests such as cost of
instrumentation, labour requirements, and mainly inability to
control weather and soil. This method has been successfully
implemented to evaluate the draft force requirements in mould-
board plough [19] and subsoilers [20] after proper setup and
calibration in various types of cohesive soils.

A cohesive contact model, “Hertz–Mindlin with JKR” was
chosen to simulate the soil-soil and soil-tool interactions due to
the recommendation in several simulations in literature with
similar textured cohesive soils [21]. To complete the DEM
simulation, Some parameters are extracted from literature, and
some are calibrated or measured using standardized testing
procedures inside the DEM environment. A summary of the
input parameters which are unique for the DEM simulation
along with the sources are indicated in Table IV.

After the initial setup, a test simulation was carried out to
arrive at the soil surface energy parameter for JKR model.
Comparing with the experimental results from Ahmadi [4]
with a single winged subsoiler operating at 40 cm depth
in sandy loam soil, the simulation yielded an average draft
force of 10 kN for surface energy of 612 Jm−2, which is
the same average draft measured by Ahmadi [4] in the field
experiment.The final simulation with the combination tillage
equipment was carried out in a soil bin with length, width and
height of 5, 1.6, and 1.2 m. Also, a 3.5 m length was defined
for data collection as can be seen in Fig 4.

Two bottom disc 
plough

Winged subsoiler

Data collection zone
(3.5 m)

Particle Velocity (𝑚𝑠 −1)

2.16

0

Virtual soil 
bin

Soil 
particles

Direction of implement 
movement

Fig. 4. Discrete element method simulation: combined tillage equipment
moving through soil bin and disperses soil particles (velocity distribution of
particles in soil-tool interface is shown).

IV. RESULTS AND DISCUSSION

A. Resultant change in draft force caused by the subsoiler due
to the modifications

The modified model resulted in a reduction in draft force
of the subsoiler, which is the tillage equipment following the
disc plough. From the results given in Table V, it is observed
that the soil density change resulting from the disc ploughing
process, changes with its operating depth in accordance with
the soil loosening percentage and tool depth to width ratio
as described in earlier sections. Further, a reduction in draft
force is apparent because of density modification. However,
the reduction is relatively smaller than expected.

The reason for the aforementioned observation could be the
assumption of the constant nature of soil mechanical properties
such as cohesion (C) and internal friction angle (ϕ) after
performing a disc ploughing operation. The above theoretical
value is heavily dependent on C, therefore any change in C
could result in a considerable change in draft force. If there is
a more systematic method to obtain the change of C and ϕ due
to a tillage operation, draft force results can be improved. Due
to the lack of studies conducted to measure the draft force in
tandem tool configurations, there is no acceptable method to
validate these results with existing models. Therefore, further
experiments should be carried out to validate the results.

B. Tractor power and resultant fuel consumption

The suggested hybrid implement can only be successful in
real world practice if the tractor is capable of providing the
required amount of power. The results are given in Table VI.

From the obtained results, it is evident that the chosen trac-
tor with 60 kW power output is capable of delivering the power
requirement for this tool configuration (maximum 36.16 kW)
even after accounting for drive-line efficiencies of 70% [25].
This result is important because the draft force requirement

TABLE V
DRAFT FORCES CALCULATED WITH AND WITHOUT ACCOUNTING FOR

SOIL DENSITY CHANGE

Draft force (kN)

Total
depth
(cm)

Disc plough
depth
(cm)

Density of
top soil layer

ρsoil ,2(gcm−3)

Without
considering
soil density

change

Considering
soil density

change

35 15 0.891 12.76 11.99
20 0.884 11.78

42 15 0.891 16.85 15.91
20 0.884 15.65



TABLE VI
TRACTOR POWER REQUIREMENT

Disc plough
operating

depth (cm)

Subsoiler
operating depth (cm)

Tractor
power (kW)

Fuel
consumption
rate (l/hr)

15 30 27.66 12.33
40 34.59 15.42

20 30 29.34 13.08
40 36.16 16.12
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Fig. 5. Comparison of draft forces from mathematical model to DEM
simulations (Disc plough depth was kept constant at 20cm)

is likely to be overestimated in this model which ensures that
the proposed hybrid plough implement is practically possible.
It is also important to note that the proposed machine is to
perform deep tillage in a site-specific sense rather than tilling
at a constant depth across the whole field. This feature will
account for a relatively fuel efficient operation.

C. Validation with DEM simulations

To validate the results in the absence of a real world field
test, the DEM simulations are carried out (see Fig. 4) for two
depths (35 cm and 42 cm). From the results shown in Fig. 5, it
is evident that the DEM simulations have yielded results (9.65
kN , 12.76 kN) which are considerably lower than the results
predicted from the improved mathematical model (11.78 kN,
15.65 kN). One reason could be the omission of relative
change in cohesive properties of the soil before and after
the disc ploughing operation which contributes to amplifying
the draft forces in the region where disc ploughing took
place. Another reason could be the soil lateral displacement
happening due to the inversion phase of the disc ploughing
process. The mathematical model needs to be further improved
to account for these changes to get a better results.

V. CONCLUSION

An improved theoretical model is presented to calculate the
draft force for an agricultural implement consisting of a two
bottom disc plough and a subsoiler as a combination. The
preceding implement is a disc followed by a subsoiler. Draft
force results suggested that an increase in the disc ploughing
depth seems to contribute towards reduction of the draft force
requirement of the subsoiler and subsequently tractor power.
The proposed model can be implemented to predict the draft
forces during early design stages of developing combination
agricultural equipment in a much faster manner compared to
DEM simulations to check for technical feasibility. However,
further analyses into soil mechanical properties are required
to refine the model to get more accurate results.
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