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Abstract 

All over the world, farmers choose different implements for tillage, which depend on crop type, soil type, the 
amount of plant residue from the previous crop, etc. Tillage implement selection is also affected by the 
availability of implements, power consumption, labor costs, and fund. In this research, the draft force, soil 
disturbance area, soil cone index, and fuel consumption were considered. The effects of rake angle, forward 
speed, and soil moisture content on the above-mentioned parameters were investigated. In this research, a 
comparison between the performance of a Fiber Reinforced Polymer (FRP) composite blade and a conventional 
steel blade was carried out. Tests were based on the split-split plot in a completely randomized design. The 
factors of soil moisture content, rake angle, and forward speed were included in three levels. Three levels for the 
soil moisture content (9.3, 13, 16.7 %), rake angle (20°, 30°, 40°), and forward speed (3, 5, 7 km.h

-1
), were 

considered. The FRP composite blade (on average in the desired range for variables) has reduced the draft force, 
fuel consumption, and soil cone index, 14.97%, 16.63%, and 35.08%, respectively, than the steel blade. Also, the 
soil disturbance area created by the FRP composite blade was 4.93% higher than the steel blade. Based on the 
results of this study, it is clear that the FRP composite blade has better performance rather than the conventional 
steel blade for the aforementioned test variables. The FRP composite is inexpensive than the steel, this leads to 
remarkable save money in the production of the FRP composite blade used in the chisel and combined tillage 
tools that is economical for the farmer and manufacturer. 
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Introduction

1 

Tillage operation is the most important step 
in the production of crops and provision of 
agricultural land that consumes a great amount 
of power and energy. In the past decades, 
several tillage tools have been designed to 
achieve the main purpose of the tillage 
operation. Although a farmer is free to choose 
any of the tools, he always attempts to 
recognize their consumption energy and 
choose them according to the cultivation 
conditions (Godwin, 2007). The amount of 
energy used in tillage is very high compared to 
the other agricultural operations. Therefore, 
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saving a small portion of consumption energy 
in agricultural operations will reduce the costs 
(Sanchez-Giron et al., 2005). Due to the 
problems of conventional tillage, the 
conservation tillage in the form of minimum 
and no-tillage was introduced gradually. For 
this purpose, implements such as chisel and 
combined tillage tools were developed. The 
most important part of these tillage tools is 
their blade, which is typically made from steel. 
Adjustment of the blade is effective on draft, 
fuel consumption, and plowing quality. 
However other factors such as soil moisture 
content, forward speed, depth of tillage, and 
blade angles also have significant effects on 
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the plowing quality (Liu and Kushwaha, 
2006). 

Some researchers investigated the effects of 
forward speed, rake angle, and soil moisture 
content on several factors such as draft force 
(Akbarnia et al., 2014; Ibrahmi et al., 2015), 
soil disturbance area (Manuwa, 2009; Jafari et 
al., 2011), fuel consumption (Ranjbarian et al., 
2017), and cone index (Kumar et al., 2012). 
Khalilian et al. (1998) compared the required 
draft force of the tillage tools including 
subsoiler, the Para plow, and chisel plow at 
different tillage depths. They estimated the 
amount of draft force for the chisel, subsoiler, 
and Para plows as 2.88, 4.45, and 5 kN, 
respectively. Rahman and Chen (2001) 
compared two types of disk tillage tools and 
sweep plows in terms of soil disturbance area. 
They considered the applied treatments as the 
depth of tillage and forward speed and 
reported that with increasing the tillage depth 
and forward speed, the amount of soil 
disturbance area increased in both tillage tools, 
and the sweep blades showed better 
performance rather than the disk in soil 
disturbance. Chaplain et al. (2011) showed 
that the continuity in the no-tillage causes to 
increase in the bulk density, mechanical 
strength of the soil, and the soil cone index, 
which results in reducing water infiltrations and 
also root reduction in the soil, and increasing 
soil erosion. The results of some researches on 
the fuel consumption of the tractor showed 
that increasing the forward speed and depth of 
tillage increased the fuel consumption (Al-
Jasim, 1993; Ranjbarian et al., 2017). 

Some other researchers, using other 
materials in the form of the cover or 
employing the main materials for making the 
blade, tried to improve draft force, fuel 
consumption, etc. (Soni et al., 2007; Barzegar-
Tabrizi et al., 2017). Chen et al. (1990) 
compared the draft force resulting from a plate 
of moldboard plow made from Teflon material 
with steel Ck45. The results showed that the 
draft force decreased by 25%, due to the 
reduction in friction between Teflon and soil, 
and stated that friction between Teflon and soil 
(apparent friction of soil) was 50% less than 

friction between steel Ck45 and soil. Ren et al. 
(1990) used Teflon as a coating on the surface 
of a moldboard plow to reduce soil-tool 
friction and they reported that Teflon coating 
causes draft force decreases. Salokhe et al. 
(1990) reported that the enamel-coated plows 
reduced draft force by up to 14% and 16% at 
3.6 and 4 km.h

-1
, respectively. Soni et al. 

(2007) constructed the moldboard plow which 
was covered with rows of ultra-high molecular 
weight polyethylene (UHMW-PE), as the 
material with low viscosity and friction, and its 
draft force was compared with steel moldboard 
plow in the adhesive soil. The results indicated 
that the draft force of the moldboard plow with 
a UHMWPE coating was 36% less than that of 
the moldboard plow. Barzegar et al. (2016) 
covered a furrower with ultra-high molecular 
weight polyethylene (UHMW-PE) and 
examined on the blade the draft force and 
adhesive. Their results showed that the 
UHMW-PE coating reduced the draft force 
and adhesion.  

Recent studies on comparing plow types, 
changing the blade's material, and finding the 
best performance in the tillage operations 
indicated that the researchers are seeking the 
best performance with the lowest cost and 
power consumption in the tillage operation. 
The purpose of this research was to evaluate 
the performance of the Fiber Reinforced 
Polymer (FRP) composite blade compared to 
conventional steel ones. The factors of this 
research were including draft force, fuel 
consumption, soil disturbance area, and cone 
index. Performance comparison such as draft 
force, soil disturbance area, etc. of the FRP 
composite blade and conventional steel one 
(considering the effect of the blade properties, 
such as weight, adhesion, etc., but without 
considering the abrasive wear blade) was 
carried out in the field. The purpose of this 
research is to present the FRP composite blade 
and compare it to the steel blade in terms of 
impact on the mentioned factors. 

Materials and Methods 

Tillage site 
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Field experiments were conducted in farm 

No. 10 of Agriculture school ( N143429 

E154352  ) of Shiraz University, located in 
Bajgah zone of Fars province, Iran. The soil 
texture at the experimental site was clay loam 
with 38% clay, 30% sand, and 32% silt. To do 
experiments, a total of 27 plots were selected 
at a predetermined size (30 × 15 m) in the 
field. Soil moisture content was measured at 
10 random locations of each plot prior to the 
tests. Initial soil moisture content was 7.2 ± 
1.3 (d.b %). Also, to measure the soil bulk 
density, a standard cylinder with a diameter of 

5 cm and a height of 10 cm was used, and the 
bulk density of 1.8 ± 0.4 (g.cm

-3
) was 

obtained. 
Tractor and tillage implement specifications 

In this research, a 4WD tractor (model: 
ITM-399) was used that produced in the Iran 
Tractor Manufacturing Company. The plow 
used in this research was the mounted type 
chisel plow, constructed by Oztoprac 
Company in Turkey. The plow had a shank 
and two gauge wheels on both sides. Also, a 
mechanism was installed on it for adjusting the 
rake angle (Fig.1). 

 

 
Fig.1. Mechanism for adjusting the rake angle 

 
Blades 

In this research, two chisel blades made of 
steel (controlling factor) (Fig.2C) and FRP 
composite (Fig.2B) were compared. The 
reason to use the FRP composite instead of 
steel in the chisel blades is due to its similarity 
or superiority at some mechanical factors over 
steel (Zhou et al., 2019). FRP materials are 
more resistant than steel in terms of the tensile 
strength (Jauharia et al., 2016). Also, the 
specific weight of the FRP composite is less 
than that of the steel (Biscaia and Chastre, 
2018), such as the specific weight of FRP 
composites is one-third that of steel. The 
ultimate tensile strength for steel and FRP 
composite is 390 and 1200 MPa, respectively. 
Also, the young’s modulus for the steel and 
FRP composite is 200 and 55 GPa, 
respectively (Mazaheri et al., 2015). In FRP 
materials, the volume fraction, size, and cross-
sectional area of the FRP fibers used 

essentially affect their resistivity (Biscaia and 
Chastre, 2018). FRP composite blade used in 
this study, was prepared from FRP composite 
pipes manufactured by Farassan Company 
(Fars province, Iran). The FRP composite 
blade was cut off by using a laser cutting 
technique, according to steel blade pattern, 
with the same curvature and width (5 cm) 
(Figures 2B and 2C). The FRP composite 
toughness is less than steel (Mazaheri et al., 
2015), therefore, to strengthen the composite 
blade against impact and better soil cutting, a 
steel plate (thickness of 8 mm and length of 
250 mm) was installed as a base under the 
FRP composite blade (Fig.2A). For 
comparison of two blades with the same 
conditions, the surface area of the FRP 
composite blade with its support was the same 
as the surface area of the steel blade.  
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Fig.2. Blades used in this research, (A)- FRP composite with steel support installed below, (B)- 
FRP composite blade, and (C)- Steel blade (control) 

 

To measure the friction between blades and 
soil, the adhesion index and external friction 
angle were used. For this purpose, in this 
study, a device similar to the devices of Gill 
and Van Den Berg (1968) and Kepner et al. 
(1972) was used to measure the adhesion and 
angle of external friction. To measure 
cohesion, the shear and vertical stresses of the 
soil at the desired moisture contents were 
measured by using a direct shear test machine 
manufactured by the Azmoon Company, Iran. 
Then, by using the Mohr-Coulomb theory, the 
cohesion, adhesion, and external friction angle 
for FRP composite and steel blades were 

obtained (Table 1). The blades' weight, shank 
weight, and total weight of the plow were 
affected the draft force and fuel consumption 
of the tractor (Karparvarfard and Rahmanian-
Koushkaki, 2015). Therefore, the weight of the 
blades in this research was measured. For this 
purpose, weights were obtained by using a 
digital scale (model: MDS15000AP) with the 
accuracy of ±2g, manufactured by Mahak 
Company, Iran. Net weight of the steel and the 
FRP composite blades, net weight of the 
support, total weight of the FRP composite 
blade, and its support were obtained 1.355, 
0.230, 0.830 and 1.065 kg, respectively. 

 

Table 1- Mechanical and physical properties of farm soil 

Moisture 
content (%) 

Soil cohesion 
(kPa) 

 Steel chisel blade  FRP composite chisel blade 

 
Soil adhesion 

(kPa) 
Angle of external 

friction (°) 
 

Soil adhesion 
(kPa) 

Angle of external 
friction (°) 

9.3 2.23  1.01 24.20  0.78 23.10 
13 3.26  1.40 22.90  1.09 20.60 

16.7 4.37  2.14 20.40  1.89 18.20 

 
Field tests 

The experimental variables in this research 
were forward speed (3, 5, and 7 km.h

-1
), rake 

angle (20°, 30°, and 40°), and soil moisture 
content (9.3, 13, and 16.7%). The depth of 
tillage in all experiments was 25 cm. Tests 
were based on the split-split plot in a 
completely randomized design. To obtain the 
tillage depth of 25 cm, several trials were 
performed by using the desired plow. Several 
times, for measure tillage depth by using a 
laser ruler, from the plowed furrow floor to the 

surface soil was measured. This work was 
done to fine-tune the tillage depth of the plow 
in the tillage operation. After reaching a tillage 
depth of 25 cm, the depth of tillage was fixed 
using gauge wheels on both sides of the chisel 
plow.  

To obtain the desired moisture content in 
the field, the whole farm was irrigated using a 
flooding irrigation system. Then, on a daily 
basis, soil moisture was measured, and by 
observing the desired moisture content (from 
the highest moisture to the lowest moisture), 
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experiments related to those desired moisture 
content were performed. 
Draft force and fuel consumption 

A digital system was employed to measure 
the draft force and the fuel consumption of the 
tractor (Rahmanian-Koushkaki et al., 2015). 
This digital system had 11 ports. Two encoder 
shafts, two fuel transducers, and one load cell 
were used and connected to it to measure the 
draft force and fuel consumption (Fig.3). By 
using the RS232 cable the data was 
transformed to a Laptop and displayed and 
saved (Fig.3). 

Draft force is the force applied from the soil 
on the blade and shank of the plow. The 
RNAM test code was used to measure the 
reaction force from soil to blade (RNAM 
Standard, 1995). For this purpose, a traction 

dynamometer (S type) was used (Table 2). 
Actual forward speed was measured using two 
shaft encoders (Fig.3). They were mounted on 
the center of the fifth wheel and right rear 
wheel of the tractor for measuring the actual 
and theoretical forward speed, respectively 
(Karparvarfard and Rahmanian-Koushkaki, 
2015).  

Two turbine flow transducers were also 
used to measure fuel consumption (Table 2). 
One of them was installed between fuel filters 
and injector pump of the tractor and the other 
between the injectors and the fuel tank were 
placed (Fig.3) (Shafaei et al., 2018). The 
difference between values measured by two 
turbine flow transducers indicates the actual 
fuel consumption. 

 
Fig.3. (A) Package of the laptop and data acquisition; (B) Load cell; (C) Turbine flow transducer; 

(D) Rotary shaft encoder. (Dark blue line is the connection wire). 
 

Table 2- Specification of equipment used 
Manufacturer Specification Name of the transducer T. No. 

Remag, Switzerland 0.1-2.5 l.min-1 (22,000 pulse.l-1), ±3% Vision-1000, Turbine flow transducer (2 Nos.) 1 
Autonics, South Korea 500 pulse.revolution-1, ±5% E50S8-500-3-N-24, Shaft encoder (2 Nos.) 2 

Keli, China 
S type, range 0-50 kN,  

precision grade: C3 
DEE-5t, Traction dynamometer 3 

 
Soil disturbance area and cone index 
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For measuring the soil disturbance area in 
each plot, a transverse cut equal to the size of 
the soil disturbance, was created in the soil. 
After drawing out the soil, the profilometer 
was placed on the soil surface. The distance 
between the profilometer rods was 2 cm. Thus, 
several points of soil disturbance area were 
obtained by profilometer (Conte et al., 2011; 
Hang et al., 2017). Then, by using these points 
and Simpson's rule (Eq. 1), the soil disturbance 
area in each plot was computed. 
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Where a and b are the minimum and 
maximum values among the points obtained 
by the profilometer, respectively. N is the 
number of used data points and h is 

( ) 2/b a N .  

Cone index was used to measure the 
amount of soil softness. The soil cone index 
was measured according to the ASABE 
standard (ASABE, 2006a) and by using the 
penetrometer (SP-1000) manufactured by 
Findly Irvine, Scotland. For this purpose, the 
cone index was randomly measured at several 
points in the field before doing the 
experiments. Also, after each experiment, the 
cone index was measured with 5 replications 
in each plot. 

Results and Discussions 

Draft force and fuel consumption 

The draft force value for the steel and FRP 
composite blades at different levels of soil 
moisture content, rake angle, and forward 
speed are shown in Figures 4, 5, and 6. Based 
on these results, the amount of draft force of 
the FRP composite blade is less than that of 
the steel one at different levels of soil moisture 
content, rake angle, and forward speed. The 
reduction of the draft force of the FRP 
composite blade compared to the steel blade in 
the moisture content of 9.3, 13, and 16.7% 
were obtained at 11.94% (0.56 kN), 23.40% 
(1.43 kN), and 11.67% (0.77 kN), respectively 
(Fig.4). This reduction was also reported at the 
rake angle of 20°, 30°, and 40° as 10.67% 

(0.57 kN), 18.50% (1.11 kN), and 14.00% 
(0.87 kN), respectively (Fig.5), and the 
reduction of the draft force at the forward 
speed of 3, 5 and 7 km.h

-1
 were 16.64% (0.91 

kN), 10.70% (0.59 kN) and 17.24% (1.16 kN), 
respectively (Fig.6). According to Table 1, the 
adhesion value of the FRP composite blade is 
lower than the adhesion of the steel blade. 
Therefore, the soil movement on the FRP 
composite in different levels of the rake angle, 
forward speed, and moisture content has been 
flowing and consequently, the required draft 
force was reduced (Raper and Sharma, 2004; 
Sanchez-Giron et al., 2005). Also, the weight 
of the plow can be a factor in decrease and 
increase the draft force and fuel consumption 
(Karparvarfard and Rahmanian-Koushkaki, 
2015). Due to the less adhesion (Table 1) and 
also the lower weight of the FRP composite 
blade than the steel one, the draft force of the 
FRP composite blade in different levels of 
moisture content, rake angle, and forward 
speed was less than that of the steel blade.  

In Fig.4, with increasing the soil moisture 
content from 9.3 to 16.7%, the draft force for 
both FRP composite and steel blades was 
increased. With increasing moisture content, 
the cohesion and adhesion (Table 1), the soil 
bulk density also increases (Raper and 
Sharma, 2004; Hemmat et al., 2007; Chaplain 
et al., 2011). Consequently, with increasing 
the cohesion and soil bulk density, more draft 
force is needed to overcome the cohesion 
between the soil particles, which finally cause 
to increase the draft force (Qian and Zhang, 
1984; Natsis et al., 1999; Chaplain et al., 
2011; Manuwa, 2012). Also, with increasing 
adhesion between blade and soil, the soil 
movement speed on the blade is reduced and 
causes to increase the soil volume in the front 
of the blade, which requires more force for the 
displacement of this soil volume that this 
increases the draft force (Raper and Sharma, 
2004; Sanchez-Giron et al., 2005). 
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Fig.4. Comparison between the draft force of steel blade and FRP composite blade at different 

moisture content levels (blue rectangle: steel blade; orange rectangle: FRP composite blade; green 
rectangle: difference between steel blade and FRP composite blade) 

 
In Fig.5, by increasing the rake angle, the 

draft force of two FRP composite and steel 
blades was increased. By increasing the rake 
angle, the projected area of the blade increases 
for contact with intact soil (Aluko and Seig, 
2000). Therefore, by increasing the blade 

contact surface at the initial impact to the 
intact soil, more force is applied to the blade 
from the soil, and draft force increases. Thus, 
with increasing rake angle, the draft force 
increases (Aluko and Seig, 2000; Godwin, 
2007). 

 

 
Fig.5. Comparison between the draft force of steel blade and FRP composite blade at different rake 

angles (blue rectangle: steel blade; orange rectangle: FRP composite blade; green rectangle: 
difference between steel blade and FRP composite blade) 
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In Fig.6, it is revealed that with increasing 
the forward speed, the draft force of the FRP 
composite and steel blades increased. As the 
forward speed increases, the blade movement 
acceleration increases in the soil. According to 
Newton's second law, with increasing the 
acceleration of the blade movement in the soil, 

the force applied to the soil particles increases, 
and consequently, the soil particles applied 
more reaction force to the blade, and the draft 
force increases. Therefore, with increasing 
forward speed, the draft force increases 
(Akbarnia et al., 2014; Ibrahmi et al., 2015). 

 

 
Fig.6. Comparison between the draft force of steel blade and FRP composite blade at different 

forward speeds (blue rectangle: steel blade; orange rectangle: FRP composite blade; green 
rectangle: difference between steel blade and FRP composite blade) 

 

Figures 7, 8, and 9, show fuel consumption 
values of FRP composite and steel blades at 
different levels of moisture content, rake 
angle, and forward speed. These figures 
indicated that the fuel consumption of the FRP 
composite blade is reduced than the steel 
blade. Since the fuel consumption is directly 
related to draft force (Shafaei et al., 2017; 
Shafaei et al., 2018), with increasing draft 
force, the fuel consumption increases. Due to 
the less draft force of the FRP composite blade 
than the steel blade at different levels of 
moisture content, rake angle, and forward 
speed (Figures 4, 5, and 6), the fuel 
consumption of the FRP composite blade was 
lower than that of the steel blade.  

The reduction of the fuel consumption 
related to the FRP composite blade compared 
to the steel blade in the moisture content of 

9.3, 13, and 16.7% were obtained as 11.36% 
(0.05 l.min

-1
), 12.77% (0.06 l.min

-1
), and 

17.65% (0.09 l.min
-1

), respectively (Fig.7). 
This reduction was also reported at the rake 
angles of 20°, 30°, and 40° were obtained as 
23.08% (0.12 l.min

-1
), 20.75% (0.11 l.min

-1
), 

and 21.82% (0.12 l.min
-1

), respectively (Fig.8) 
and the reduction of the fuel consumption at 
the forward speed of 3, 5, and 7 km.h

-1
 were 

obtained as 16.67% (0.07 l.min
-1

), 16.00% 
(0.08 l.min

-1
), and 9.62% (0.05 l.min

-1
), 

respectively (Fig.9). 
Figures 7, 8, and 9 show that fuel 

consumption is increased with increasing the 
moisture content, rake angle, and forward 
speed. With increasing draft force at different 
levels of moisture content, rake angle, and 
forward speed (Figures 4, 5, and 6), the tractor 
should consume more power to move the 
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blade in the soil and overcome the draft force. 
Increasing the power consumption by the 
tractor leads to an increase the fuel 
consumption. As a result, with increasing 

moisture content, rake angle, and forward 
speed, the fuel consumption also increases 
(Zhang et al., 2016; Shafaei et al., 2018). 

 
Fig.7. Comparison between the fuel consumption of steel blade and FRP composite blade at 

different moisture content levels (blue rectangle: steel blade; orange rectangle: FRP composite 
blade; green rectangle: difference between steel blade and FRP composite blade) 

 
Fig.8. Comparison between the fuel consumption of steel blade and FRP composite blade at 

different rake angles (blue rectangle: steel blade; orange rectangle: FRP composite blade; green 
rectangle: difference between steel blade and FRP composite blade) 
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Fig.9. Comparison between the fuel consumption of steel blade and FRP composite blade at 

different forward speeds (blue rectangle: steel blade; orange rectangle: FRP composite blade; green 
rectangle: difference between steel blade and FRP composite blade) 

 
Soil disturbance area and cone index 

The soil disturbance area shows the soil 
failure area (Solhjou et al., 2014; Hang et al., 
2017). Due to the less adhesion of the FRP 
composite blade than the steel blade (Table 1), 
the soil particles can move easily on the blade 
and leads to more displacement of soil 
particles. With these explanations and 
according to figures 10, 12, and 13, it can be 
concluded that the soil disturbance area 
created by the FRP composite blade is more 
than the steel blade.  

The soil disturbance area of the FRP 
composite blade than the steel blade in the 
moisture content of 9.3, 13, and 16.7% were 
increased which obtained as 4.52% (23.17 
cm

2
), 5.16% (25.93 cm

2
), and 5.08% (24.74 

cm
2
), respectively (Fig.10). Also, this increase 

was reported at the rake angle of 20°, 30°, and 
40° as 4.39% (21.67 cm

2
), 5.96% (30.37 cm

2
), 

and 6.22% (32.24 cm
2
), respectively (Fig.12). 

The increase of soil disturbance area of the 
FRP composite rather than steel blade at the 
forward speed of 3, 5, and 7 km.h

-1
 were 

obtained as 3.68% (18.05 cm
2
), 3.66% (18.19 

cm
2
), and 5.71% (28.99 cm

2
), respectively 

(Fig.13). 
According to Table 1, with increasing the 

soil moisture content, cohesion value 
increases. The high value of soil cohesion 
leads to the formation of a strong bond among 
soil particles. Also, by increasing soil moisture 
content, the soil adhesion was increased (Table 
1), which caused slower movement of the soil 
on the blade. With these explanations, it can be 
concluded that with increasing the soil 
moisture content, soil particles movement has 
been decreased and the soil disturbance area 
also decreased (Fig.10) (Rahmatian et al., 
2018). 
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Fig.10. Comparison between the soil disturbance area of steel blade and FRP composite blade at 
different moisture content levels (blue rectangle: steel blade; orange rectangle: FRP composite 

blade; green rectangle: difference between steel blade and FRP composite blade) 
 
Fig. 2, shows that the soil disturbance area 

increased by increasing the rake angle. By 
increasing the rake angle blade, the projected 
area of the blade on the intact soil has been 
increased and at one time, the more surface of 

the blade hits with the soil and leads to 
displacement of more soil particles in the soil 
(Fig.11). For this reason, with increasing the 
rake angle blade, the soil disturbance area 
increases (Jafari et al., 2011).  

 

 
Fig.11. Schematic project blade on the soil: (A) soil, (B) tillage tool, (C) project blade on the soil, 

and (a) rake angle 
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Fig.12. Comparison between the soil disturbance area of steel blade and FRP composite blade at 
different rake angles (blue rectangle: steel blade; orange rectangle: FRP composite blade; green 

rectangle: difference between steel blade and FRP composite blade) 

 

Fig.13, shows the effect of the forward 
speed on the soil disturbance area. According 
to Fig.13, with increasing the forward speed, 
the soil disturbance area has been increased 

(Manuwa, 2009; Jafari et al., 2011). With 
increasing forward speed, the displacement of 
soil particles increases, and consequently, the 
soil disturbance area increases. 

 

 
Fig.13. Comparison between the soil disturbance area of steel blade and FRP composite blade at 

different forward speeds (blue rectangle: steel blade; orange rectangle: FRP composite blade; green 
rectangle: difference between steel blade and FRP composite blade) 
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The cone index of the soil is an indicator 
for measurement soil softening for water and 
root penetration in soil (Goodin and Priddy, 
2016; Pillinger et al., 2018). By increasing the 
soil disturbance area, the soil is softened and 
the penetration becomes easier. For this 
reason, the soil cone index decreased (Figures  
14, 15, and 16) with increasing soil 
disturbance area at different levels of moisture 
content, rake angle and forward speed in this 
study (Figures 10, 12, and 13) (Tagar et al., 
2014; Goodin and Priddy, 2016). The 
reduction amount of soil cone index of the 
FRP composite blade than the steel blade in 
the moisture content of 9.3, 13, and 16.7% 
were obtained 37.12% (1.21 MPa), 34.29% 
(1.20 MPa), and 30.23% (1.20 MPa), 
respectively (Fig.14). This reduction was also 
found at the rake angle of 20°, 30°, and 40° as 
31.58% (1.26 MPa), 33.51% (1.24 MPa), and 

38.94% (1.18 MPa), respectively (Fig.15) and 
at the forward speed of 3, 5, and 7 km.h

-1
 were 

obtained 26.55% (1.24 MPa), 41.46% (1.31 
MPa), and 42.07% (1.22 MPa), respectively 
(Fig.16). 

In Fig.14, it has been shown that with 
increasing soil moisture content, the value of 
the cone index increases (Patel et al., 2013; 
Lin et al., 2014). Due to the increase of 
moisture content, the cohesion between soil 
particles is increased (Table 1). Therefore, the 
soil disturbance area has been decreased 
(Fig.10), which causes less soil softening, and 
the soil cone index increases. In figures 13 and 
14, with the increase of the rake angle and 
forward speed, the soil cone index decreased 
(Tagar et al., 2014) that this reason is due to 
the reduction of soil disturbance area when 
increasing the rake angle and the forward 
speed (Figures 12 and 13). 

 

 
Fig.14. Comparison between the cone index of steel blade and FRP composite blade at different 

moisture content levels (blue rectangle: steel blade; orange rectangle: FRP composite blade; green 
rectangle: difference between steel blade and FRP composite blade) 
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Fig.15. Comparison between the cone index of steel blade and FRP composite blade at different 
rake angles (blue rectangle: steel blade; orange rectangle: FRP composite blade; green rectangle: 

difference between steel blade and FRP composite blade) 

 

 
Fig.16. Comparison between the cone index of steel blade and FRP composite blade at different 

forward speeds (blue rectangle: steel blade; orange rectangle: FRP composite blade; green 
rectangle: difference between steel blade and FRP composite blade) 
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Economic comparison 

Economic issues, one of the important 
stages in the engineering design that must be 
considered (Stanic et al., 2016). According to 
the prices presented by the New York Stock 
Exchange (NYSE) for steel and FRP 
composites in 2018 and 2019, it is observed 
that FRP composites have lower prices on the 
world market than steel (Fig.17). Also, 
according to section blades, the FRP 
composite specific weight is less than that of 
the steel. Therefore, more blades can be 
produced with larger volumes of FRP 
composites per kilogram than steel. According 
to this information, the use of FRP composite 

instead of steel for making the chisel blade in 
terms of economical is affordable. The high 
production of FRP composite blades with 
lower cost than steel blades leading to reduce 
the cost of blade manufacturers and also 
increases profitability. Of course, due to 
fluctuations in the world market for gold and 
oil had a great impact on the price of steel and 
FRP composite, which in 2018 and 2019 cause 
to rise or fall in the price of steel and FRP 
composites in dollar terms (Fig.17), but the 
price of FRP composite is still lower than steel 
prices. 

 
 

 
Fig.17. Price comparison in dollar terms between steel and FRP composite in 2018 and 2019 

retrieved from New York Stock Exchange (NYSE) site (blue line: steel price; orange line: FRP 
composite price) 

 

Conclusion 

The obtained results from field tests 
showed that the FRP composite blade (on 
average in the desired range for variables) has 
reduced the draft force, fuel consumption, and 
soil cone index, 14.97%, 16.63%, and 35.08%, 
respectively, than the steel blade. The soil 
disturbance area created by the FRP composite 
blade was 4.93% higher than the steel blade. 
According to the comparison of FRP 
composite blade and steel blade in terms of 
draft force, fuel consumption, soil disturbance 

area, and cone index in the experimental field, 
and economic comparison between these two 
blades, FRP composite blade operation was 
better and more suitable. According to the 
results of this research in terms of tillage and 
economic, the use of the FRP composite blade 
is recommended to farmers and blade 
manufacturing. It is suggested that the FRP 
composite blade checking at different tillage 
depths and in the subject of abrasive wear, so 
that information on the characteristics of the 
FRP composite blade in the tillage operation to 
be complete. 



16     Journal of Agricultural Machinery Vol. 12, No. 1, Spring 2022 

 
References 

1. Abbaspour-Gilandeh, Y., R. Alimardani, A. Khalilian, A. R. Keyhani, S. H. Sadati. 2006. 
Energy requirement of site- specific and conventional tillage as affected by tractor speed and 
soil parameters. International Journal of Agriculture and Biology 8 (4): 499-503. 

2. Akbarnia, A., A. Mohammadi, R. Alimardani, and F. Farhani. 2014. Simulation of draft force 
of winged share tillage tool using artificial neural network model. Agricultural Engineering 
International: CIGR Journal 16 (4): 57-65.  

3. Alimardani, R., Y. Abbaspour-Gilandeh, A. Khalilian, A. R. Keyhani, S. H. Sadati. 2007. 
Energy savings with variable-depth tillage "A precision farming practice". American-Eurasian 
Journal of Agriculture and Environment Science, 2 (4): 442-447. 

4. Al-Jasim, A. 1993. The technical and economic indicators for soil harrowing with disk 
harrows. Mijalat al-3ulu: m al-zira: 3iyyat al-3ira: qiyyat (Iraq). 

5. Aluko, O., D. Seig. 2000. An experimental investigation of the characteristics and conditions 
for brittle fracture in two-dimensional soil cutting. Soil and Tillage Research 57 (3): 143-157. 

6. ASABE. 2006a. S313.3FEB04. Soil Cone Penetrometer. Mich: ASABE, St. Joseph. 
7. Askari, M., and Y. Abbaspour-Gilandeh. 2019. Assessment of adaptive neuro-fuzzy inference 

system and response surface methodology approaches in draft force prediction of subsoiling 
tines. Soil and Tillage Research 194: 104338. 

8. Barzegar, M., S. J. Hashemi, H. Nazokdast, and R. Karimi. 2016. Evaluating the draft force and 
soil-tool adhesion of a UHMW-PE coated furrower. Soil and Tillage Research 163: 160-167.  

9. Barzegar, M., S. J. Hashemi, and R. Karimi. 2017. Analytical and experimental draft force 
evaluation of plastic coated chisel tines. Journal of Agricultural Machinery 7 (2): 480-490. (In 
Persian). 

10. Biscaia, H. C., and C. Chastre. 2018. Theoretical analysis of fracture in double overlap bonded 
joints with FRP composites and thin steel plates. Engineering Fracture Mechanics 190: 435-
460. 

11. Chaplain, V., P. Défossez, G. Richard, D. Tessier, and J. Roger-Estrade. 2011. Contrasted 
effects of no-till on bulk density of soil and mechanical resistance. Soil and Tillage Research 
111 (2): 105-114. 

12. Chen, D., L. Ren, A. Li, and J. Hu. 1990. Study on the method of collecting the body surface 
liquid of earthworms. Transactions of Chinese Society of Agricultural Engineering 6 (2). 

13. Conte, O., R. Levien, H. Debiasi, S. Leandro, M. Mazurana, and J. Muller. 2011. Soil 
disturbance index as an indicator of seed drill efficiency in no-tillage agrosystems. Soil and 
Tillage Research 114: 37-42. 

14. Gill, W. R., G. E. Vanden-Berg. 1968. Assessment of the dynamic properties of soils. 
Agriculture handbook. No. 316. U. S. Government Printing Office. Washington, D. C. 

15. Godwin, R. 2007. A review of the effect of implement geometry on soil failure and implement 
forces. Soil and Tillage Research 97 (2): 331-340.  

16. Goodin, C., and J. D. Priddy. 2016. Comparison of SPH simulations and cone index tests for 
cohesive soils. Journal of Terramechanics 66: 49-57.  

17. Hang, C., Y. Huang, and R. Zhu. 2017. Analysis of the movement behaviour of soil between 
subsoilers based on the discrete element method. Journal of Terramechanics 74: 35-43. 

18. Hemmat, A., I. Ahmadi, and A. Masoumi. 2007. Water infiltration and clod size distribution as 
influenced by ploughshare type, soil water content and ploughing depth. Biosystems 
Engineering 97 (2): 257-266. 

19. Ibrahmi, A., H. Bentaher, E. Hamza, A. Maalej, and A. Mouazen. 2015. Study the effect of tool 
geometry and operational conditions on mouldboard plough forces and energy requirement: 

https://www.sciencedirect.com/science/article/abs/pii/S0022489815000865#!
https://www.sciencedirect.com/science/article/abs/pii/S0022489815000865#!
https://www.sciencedirect.com/science/article/abs/pii/S0022489817302227#!
https://www.sciencedirect.com/science/article/abs/pii/S0022489817302227#!
https://www.sciencedirect.com/science/article/abs/pii/S0022489817302227#!


Rahmatian et al., Comparison of Fiber Reinforced Polymer (FRP) Composite Blade …     17 

 

 

Part 2. Experimental validation with soil bin test. Computers and Electronics in Agriculture 
117: 268-275.  

20. Jafari, R., S. H. Karparvarfard, and S. A. Hosseini. 2011. The Effect of Geometry and Motion 
Characteristics of Narrow Tillage Tool on Soil Disturbance Efficiency. Tarım Makinaları 
Bilimi Dergisi 7 (3). 

21. Jauharia, N., R. Mishrab, and H. Thakur. 2016. Stress analysis in FRP composites. Perspective 
in Science 8: 1-3. 

22. Karparvarfard, S. H., and H. Rahmanian-Koushkaki. 2015. Development of a fuel consumption 
equation: test case for a tractor chisel-ploughing in a clay loam soil. Biosystems Engineering 
130 (1): 23-33. 

23. Kepner, R. A., R. Bainer, and E. L. Barger. 1972. Principles of Farm Machinery. 2nd Ed. Avi 
Pub Co. New York, USA. 

24. Khalilian, A., T. Garner, H. Musen, R. Dodd, and S. A. Hale. 1988. Energy for conservation 
tillage in Coastal Plain soils. Transactions of the ASAE, 31 (5): 1333-1337.  

25. Kumar, A., Y. Chen, A. Sadek, and S. Rahman. 2012. Soil cone index in relation to soil texture, 
moisture content, and bulk density for no-tillage and conventional tillage. Agricultural 
Engineering International: CIGR Journal 14 (1): 26-37. 

26. Lin, J., Y. Sun, P. S. Lammers. 2014. Evaluating model-based relationship of cone index, soil 
water content and bulk density using dual-sensor penetrometer data. Soil and Tillage Research 
138: 9-16. 

27. Liu, J., and R. Kushwaha. 2006. Modeling of soil profile produced by a single sweep tool. 
Agricultural Engineering International: CIGR Journal 8: 1-13. 

28. Manuwa, S. 2009. Performance evaluation of tillage tines operating under different depths in a 
sandy clay loam soil. Soil and Tillage Research 103 (2): 399-405.  

29. Manuwa, S. I. 2012. Evaluation of Soil/Material Interface Friction and Adhesion of Akure 
Sandy Clay Loam Soils in Southwestern Nigeria. Advances in Natural Science 5 (1): 41-46. 

30. Mazaheri, H., M. Fazel-Najafabadi, and A. Alaei. 2015. Study of microstructure and 
tribological behavior of the composite layer produced of silicon carbide particles on a steel 
ASTM A106 GTAW welding method.  Journal of Science and Technology of Composites 2 
(1): 65-72. (In Persian). 

31. Natsis, A., G. Papadakis and J. Pitsilis. 1999. The influence of soil type, soil water and share 
sharpness of a mouldboard plough on energy consumption, rate of work and tillage quality. 
Journal of Agricultural Engineering Research 72: 171-176. 

32. Patel, M. A., H. S. Patel, and G. Dadhich. 2013. Prediction of Subgrade Strength Parameters 
from Dynamic Cone Penetrometer Index, Modified Liquid Limit and Moisture Content. 
Procedia-Social and Behavioral Sciences 104: 245-254. 

33. Pillinger, G., A. Géczy, Z. Hudoba, and P. Kiss. 2018. Determination of soil density by cone 
index data. Journal of Terramechanics 77: 69-74. 

34. Qian, D. H., and J. X. Zhang. 1984. Research on adhesion and friction of soil against metallic 
materials. Acta Agromech 15 (1): 70-81. 

35. Rahman, S., and Y. Chen. 2001. Laboratory investigation of cutting forces and soil disturbance 
resulting from different manure incorporation tools in a loamy sand soil. Soil and Tillage. 
Research 58 (1): 19-29.  

36. Rahmanian-Koushkaki, H., S. H. Karparvarfard, and A. Mortezaei. 2015. The effect of the 
operational characteristics of the tractor composite electronic measurement system by the 
standards of emotion on the performance of chisel plows in a clay loam soil. Agricultural 
Engineering International: CIGR Journal 17 (1): 44-49. 

https://www.sciencedirect.com/science/article/abs/pii/S0022489818300612#!
https://www.sciencedirect.com/science/article/abs/pii/S0022489818300612#!
https://www.sciencedirect.com/science/article/abs/pii/S0022489818300612#!
https://www.sciencedirect.com/science/article/abs/pii/S0022489818300612#!


18     Journal of Agricultural Machinery Vol. 12, No. 1, Spring 2022 

37. Rahmatian, M., S. H. Karparvarfard, and M. A. Nematollahi. 2018. Prediction for optimizing 
performance of chisel blade used in combined tillage to obtain suitable effectiveness. Iran 
Journal Biosystems Engineering 49 (1): 73-82. (In Persian). 

38. Ranjbarian, S., M. Askari, and J. Jannatkhah. 2017. Performance of tractor and tillage 
implements in clay soil. Journal of the Saudi Society of Agricultural Sciences 16: 154-162. 

39. Raper, R. L., and A. K. Sharma. 2004. Soil moisture effects on energy requirements and soil 
disruption of subsoiling a coastal plain soil. Transactions of the ASAE 47 (6). 

40. Ren, L., D. Chen, and J. Hu. 1990. Initial analysis on the law of reducing adhesion of soil 
animals. China Society Agricultural Engineering, 6 (1): 15-21.  

41. RNAM standard. 1995. RNAM test codes and procedures for farm machinery/Economic and 
Social Commission for Asia and the Pacific, Regional Network for Agricultural Machinery. 
RNAM technical publications: 12. Bangkok, Thailand. 

42. Salokhe, V. M., D. Gee-Clough, S. Manzoor, and K. K. Singh. 1990. Improvement of the 
tractive performance of cage wheel lugs by enamel coating. Journal Agricultural Engineering 
Research, 45: 209-224. 

43.  anche - iron,  .,  .  amı re ,  .  itago, and  .  ernan . 2005. Effect of soil compaction and 
water content on the resulting forces acting on three seed drill furrow openers. Soil and Tillage 
Research 81 (1): 25-37.  

44. Shafaei, S. M., M. Loghavi, and S. Kamgar. 2017. Appraisal of Takagi-Sugeno-Kang type of 
adaptive neuro-fuzzy inference system for draft force prediction of chisel plow implement. 
Computers and Electronics in Agriculture 142 (1): 406-415. 

45. Shafaei, S. M., M. Loghavi, and S. Kamgar. 2018. On the neurocomputing based intelligent 
simulation of tractor fuel efficiency parameters. Information Processing in Agriculture 5 (2): 
205-223. 

46. Solhjou, A., J. M. Fielke, J. M. A. Desbiolles, and C. Saunders. 2014. Soil translocation by 
narrow openers with various bent leg geometries. Biosystems Engineering 127: 41-49. 

47. Soni, P., V. Salokhe, and H. Nakashima. 2007. Modification of a mouldboard plough surface 
using arrays of polyethylene protuberances. Journal of Terramechanics 44: 411-422. 

48. Stanic, A., B. Hudobivnik, and B. Brank. 2016. Economic-design optimization of cross 
laminated timber plates with ribs. Composite Structures 154: 527-537.  

49. Tagar, A. A., J. Changying, Q. Ding, J. Adamowski, F. A. Chandio, and I. A. Mari. 2014. Soil 
failure patterns and draft as influenced by consistency limits: An evaluation of the remolded 
soil cutting test. Soil and Tillage Research 137: 58-66. 

50. Zhang, X., C. Wang, Zh. Chen, and Zh. Zeng. 2016. Design and experiment of a bionic 
vibratory subsoiler for banana fields in southern China. International Journal of Agricultural 
and Biological Engineering 9 (6): 75-83. 

51. Zhou, Y., Y. Zheng, J. Pan, L. Sui, F. Xing, H. Sun, and P. Li. 2019. Experimental 
investigations on corrosion resistance of innovative steel-FRP composite bars using X-ray 
microcomputed tomography. Composites Part B: Engineering 161: 272-284. 

  

https://www.sciencedirect.com/science/article/pii/S0167198713002250#!
https://www.sciencedirect.com/science/article/pii/S0167198713002250#!
https://www.sciencedirect.com/science/article/pii/S0167198713002250#!
https://www.sciencedirect.com/science/article/pii/S0167198713002250#!
https://www.sciencedirect.com/science/article/pii/S0167198713002250#!
https://www.sciencedirect.com/science/article/pii/S0167198713002250#!


Rahmatian et al., Comparison of Fiber Reinforced Polymer (FRP) Composite Blade …     19 

 

 

 های کشاورزی نشریه ماشین

https://jame.um.ac.ir/ 

 مقاله پژوهشی

 2-21ص  ،2102بهار ، 2شماره ، 21جلد 

 

با تیغه فولادی مورد استفاده  (FRP) مقایسه عملکرد تیغه کامپوزیت پلیمر تقویت شده با الیاف

 در گاوآهن قلمی

 4، احمد شریفی مالواجردی3، محمد امین نعمت اللهی*2، سید حسین کارپرورفرد1محمد رحمتیان

 52/40/9318: افتیدر خیتار

 48/94/9318: رشیپذ خیتار

 چکیده

مانده گیاه از محصول  کنند که این به نوع محصول، نوع خاک، میزان باقی ورزی انتخاب می مختلفی را برای خاک ادواتدر سراسر دنیا، کشاورزان 
موجود  های های کارگری و سرمایه ورزی نیز تحت تأثیر در دسترس بودن ابزارآلات، توان مصرفی، هزینه قبلی و غیره بستگی دارد. انتخاب ابزار خاک

هم خوردگی خاک، شاخص مخروط خاک و مصرف سوخت در نظر گرفته شد. اثرات زاویه حمله،  است. در این تحقیق، نیروی کششی، سطح مقطع به
 فای بین عملکرد تیغه کامپوزیت پلیمر تقویت شده با الیا بررسی شد. در این تحقیق، مقایسه نام بردهسرعت پیشروی و رطوبت خاک بر پارامترهای 

(FRP) ی طرح کاملاً تصادفی، انجام شد. عوامل  های دو بار خرد شده بر پایه ها بر اساس آزمایش کرت و تیغه فولادی معمولی انجام شد. آزمایش
درجه(  04، 34، 54%(، زاویه حمله )7/91، 93، 3/1رطوبت خاک، زاویه حمله و سرعت پیشروی در سه سطح گنجانده شد. سه سطح برای رطوبت خاک )

طور متوسط در محدوده مورد نظر برای متغیرها باعث کاهش  به FRP کیلومتر در ساعت( در نظر گرفته شد. تیغه کامپوزیت 7، 2، 3و سرعت پیشروی )
هم  هسطح ب% نسبت به تیغه فولادی شده است. همچنین، 48/32% و 13/91%، 17/90ترتیب  نیروی کششی، مصرف سوخت و شاخص مخروط خاک به

 بیشتر از تیغه فولادی بود. با توجه به نتایج این مطالعه، مشخص است که تیغه کامپوزیت FRP ،13/0% ایجاد شده توسط تیغه کامپوزیت وردگی خاکخ
FRP که کامپوزیت عملکرد بهتری نسبت به تیغه فولادی معمولی برای متغیرهای آزمون فوق دارد. با توجه به این FRP است، این امر تر  از فولاد ارزان

شود که از نظر  ورزی مرکب می مورد استفاده در گاوآهن چیزل و ابزارهای خاک FRP توجهی در تولید تیغه کامپوزیت جویی قابل منجر به صرفه
 ت.اقتصادی برای کشاورز و تولیدکننده مقرون به صرفه اس

 
 میزان رطوبت خاک  پیشروی، سرعتزاویه حمله،  ،، تیغه فولادیFRPتیغه کامپوزیت  های کلیدی: واژه
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