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Abstract

This study was aimed to determine of the shearing force and shearing energy of paddy stem as a function of blade
type, blade-edge angle and cutting speed. The Karacadag white paddy variety was used as plant materials. Shearing
properties were measured by a universal testing machine. Depend on measured shear force and cross-section area of
paddy stem, energy values were calculated by measuring the surface area under the cutting force-deformation curve
for each test separately. The tests were conducted at five blade angles, five loading speed with various three different
type blades. The tests results showed that the shearing force, shearing strength, shearing energy, specific shearing
energy and extension at maximum load were affected significant (p<0.01) by blade type, cutting angle and cutting
speed. While the lowest values were determined at serrated 2 blade types, followed by the serrated 1 and flat-edge
blade. The paddy stalk shearing force and energy values has increased with decrease in the blade edge angle from 90°
to 50°. The highest force and energy values were measured at 90° cutting edge of blade as 25.47 N and 5.8 N cm. The
effect of loading speed on the cutting forces, cutting strength, cutting energy and specific cutting energy were found
significant (p<0.01). The shearing and energy has slightly decreased with an increase of blade cutting speed. While

the highest values were found at 2 m s! loading speeds, the lowest values were found at 6 mm s cutting speed.
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Introduction

Paddy (Oryza sativa L.) is one of the oldest cereals and
important staple food and the main source of income for about
half of the world’s population and it is growing in more than
half of the countries in the world and it will continue to be the
mainstay of life for future generations as well (Correa at al.,
2007; Badawi, 2001; Esgici et al., 2016). 90% of world paddy
production takes place in Asian continent. One of the paddy
producer countries in terms of climate, soil and environmental
conditions is Turkey. Southeastern part of Turkey is also an
important paddy producer. In this region, the paddy variety
known as Karacadag white widely is grown.

Cite this article as:

Harvesting and threshing operations of paddy are known as
one of crucial part and influential processes on quantity, quality,
grain losses and production cost. Paddy harvesting is mostly
performed by worker using sickles. So, in paddy harvest stage,
use of labor is intensity and also harvest cost is very high. In
the recent years, paddy producers in this region have been
using conventional grain harvesters that are not suitable for
paddy. As a result, combine harvesters have negative impacts
on quantity and quality of paddy grains which seriously affect
the profitability of the crop since majority of the losses are due
to improper adjustment of the machines according to paddy
varieties and crop conditions. Losses in paddy production is an
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estimated ratio ranging between 25 % to 30 % (Esgici et al.,
2016) in this region. This value of losses is quite high and we
have to reduce a reasonable level. Because, the objective of
good harvesting is to maximize grain yield while minimizing
grain losses and quality deterioration. Therefore, it is very
important to choose proper shearing parameters of paddy stem
and kernel during harvesting processes to minimize the level of
grain damage and to increase grain quality (Correa et al., 2007;
Yore et al., 2002). Paddy harvesting machines and combine-
harvesters are commonly equipped with reciprocating cutting
mechanism. In this case, a cutting bar has some blades and
counter edges which move against each other. If plants stem
stands between them, it is cut due to reciprocating movement
of blade or both blade and counter edge. The performance of
cutting elements on harvesting mechanisms can be judged by
cutting energy requirement, shearing force, shearing strength
and applied force. Various parameters such as physical and
mechanical properties of the stem, paddy cultivar, blade
velocity and blade components are effective on the cutting force
energy and the specific cutting energy (Allameh and Alizadeh,
2016). Cutting energy of a plant stem can be estimated from
the relationships between the force of cutting the stem and the
displacement of the blade (Chen et al., 2003).

Information on plant properties and the power or energy
requirement of equipment has been very valuable for selecting
design and operational parameters of the equipment (Persson,
1987; Chen et al., 2003; Jicheng et al., 2017). Such information
is needed for the design of paddy harvesters and combine
harvesters, assuring appropriate machine functions and an
efficient use of energy. Although there is considerable interest

/|

in mechanical processing of paddy, there is little information on
shearing properties depend on blade type, shearing angle and
loading speed of paddy stems. This information is important to
know behavior of cutting of paddy stem. We have to be made
paddy harvest at high moisture contents by Combine harvesters.
Because during the harvesting season, the moisture content of
paddy stalk is higher than the other cereals and the strength
of paddy is more. Also, the behavior is different from paddy
variety to variety during cutting stage. So, both suitable blade
type and edge angle are important parameters for reducing
shearing force, cutting energy and increase effective cutting
performance of cutter bar of machine (Koloor and Borgheie,
2006).

The main aim of this study was to determine the shearing
force, shearing strength, shearing energy, specific shearing
energy and extension at maximum load speed depend on
blade type, blade cutting- angle and blade-loading speed in a
laboratory condition with paddy stems.

Materials and Methods

The Karacadag white paddy variety (Figure 1) was used for
tests. Paddy stems were collected at harvesting season from
a commercial farm in Diyarbakir province in 2018, Turkey.
The whole paddy plants average 0.82 m in height and were cut
manually prior to the cutting testes at height of 25 cm above
the soil level. After the paddy stem was harvested, it was
covered and transported to University of Dicle, Department
of Agricultural Machinery and Technologies Engineering
Research Laboratory for tests. The tests samples stored at a
temperature of 4 °C for one month until start to shearing tests.
Selected some properties of paddy are seen in Table 1.

0l
O

Figure 1. Paddy stalk with panicles

Table 1. Some physical properties of paddy.

Physical properties

Plant height, m

0.82

Panicle length, cm

18

Panicle weight, g

2.08

Moisture content of stalk, %

68.00

Moisture content of kernel, %

29.00

The weight of 1000 kernel, g

33.90

Stem diameter, mm

4.40
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Moisture content of paddy stems samples were measured
according to ASABE standards (ASABE, 2008). Before tests,
four samples of 25 g paddy stalks were weighed and dried in
an oven of 103°C for 24 h which were then reweighed in order
to determine the average moisture content of paddy stem. The
average moisture content of paddy stems (stalk) was obtained
as 68.00 % w.b during tests. The diameter varied greatly
within the field, ranging from 4 to 4.8 mm and averaged 4.4
mm. Diameters of stalks were measured with a digital caliper.
So, stem diameter was considered as 4.40 mm for the cutting
experiments. The stalks diameter (mm) was converted to cross-
section area in mm?,

An Universal Materials Testing Machine, Lloyd LRX
Plus, were used to measure of shearing properties of paddy
stalks (Figure 2). The shear force was recorded as a function
of displacement depend on selected parameters. The tests were

B— i
E connecting
point

Materials testing
machine

Connections
holes for
different angles

[T

Load cell

=

carried out with three different types of blades (Figure 2), two
of them are serrated type (serrated 1 (blade-edge thick), serrated
2 (blade-edge thin) and flat (blade-edge flat). Five blade angles
(50°, 60°, 70°, 80° and 90°) and five cutting speed (2, 3, 4,
5, and 6 mm s') were selected independent parameters. The
shearing energy of paddy stalk was calculated by measuring
the surface areca under the force-deformation curve by an
instron universal material testing machine (Chattopadhyay and
Pandey, 1999; Yore et al., 2002; Chen et al., 2003; Kocabiyik
and Kayisoglu, 2004; Ekinci et al., 2010; Zareiforoush et al.,
2010; Ghahraei et al., 2011; Voicu et al., 2011; Ozdemir et al.,
2015; Nowakowski, 2016; Pekitkan et al., 2018). A computer
data acquisition system recorded all force-displacement curves
during the cutting process by using a NEXYGEN computer
program for each parameter.

Figure 2. View of testing machine and blades

A force-deformation curve is given in Figure 3. As you
seen in Figure 3, the first peak value was considered as the
yield point (lower yield) at which stalk damage was initiated.

The second peak value (upper yield) corresponds to maximum
force (Figure 3).

Upper Yield

g

Shearing Force (N)

Time (Seconds)

Figure 3. The time —shearing curve for cutting of paddy stalks.

The maximum shearing strength, obtained from the force
values, was determined by the following equation (Mohsenin,
1986; O’Dogherty et al., 1995; Zareiforoush et al., 2010;
Ekinci et al., 2010; Chandio et al., 2013; Sessiz et al., 2013;
Sessiz et al., 2018):

_ Frnax

Og = A

Where: o_ is the maximum shearing strength in (MPa),
F_ . is the maximum shearing force in (N) and A is the cross-
sectional area in (mm?).

Specific shearing energy, Esc was calculated by:

Where: E__ is the specific cutting energy (J mm~) and E_is
the shearing energy (J).

Test results were subjected to variance analysis. Mean
comparisons were made according to Duncan’s multiple range
tests .
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Results and Discussion
The effect of Blade type

The shearing properties depend on blades types are given
in Table 2. The analysis of variance and Duncan’s test results
showed that the effect of blade type was found significant
(p<0.01) on shearing force, shearing strength, shearing energy,
specific shearing energy and extension at maximum load. There
were found significant differences among the three blade types
(p<0.01) according to measured properties. The lowest values
were determined at serrated 2 blade types, followed by the
serrated 1 and flat type blade (Table 2). The highest shearing
force, shearing strength, shearing energy, specific shearing
energy and extension at maximum load values were obtained

at flat blade type as 22.66 N, 1.490 N mm?, 0.045 Nm, 0.004
Jmm? and 8.35 mm, respectively. A serrated blade edge gives
a lower cutting force and requires lower cutting energy than a
flat- edge type. So, we can argue that serrated blade types are
better than the flat type blades for paddy harvesting. According
to results, flat-edge blade type is not suitable for shearing
paddy stem. It is concluded that the edge of serrated blades
has a good grasp of the paddy stems than flat-edge type blade.
This means that the energy requirement of flat edge blade for
cutting of paddy stem is more than serrated blades. In contrast,
Koloor and Borgheie (2006) argued that blade bevel angle and
blade type had no significant effect on the shearing strength of
paddy stem.

Table 2. Analysis of variance of the cutting force and cutting energy with respect to blade type.

Blade tvpe Shearing Energy strength | Energy SCE Extension at maximum
yp force (N) (N mm?) (Nm) | (J mm?) load (mm)

Serrated type 1 (blade-edge thick) 18.54b* 1.220b 0.047a | 0.003 a 18.74 a

Serrated type 2 (blade-edge thin) 13.84c 0910c¢ 0.030b | 0.002b 11.11b

Flat type (blade-edge flat ) 22.66a 1.490 a 0.045a | 0.004 a 835¢

Mean 18.35 1.214 0.041 0.003 12.73

*means followed by the same Iletter in each column are not significantly different by Duncan’s multiple range test at the T % Ievel.

The Effect of Blade Edge Angle

Table 3 shows the mean values of the shearing force,
strength, energy, specific shearing energy and extension under
maximum load at different blade- edge angle. The effect
of blade cutting angle on shearing properties were found
significant as statistically (p<0.01). The study showed that the
mean shearing values gradually decreased with decrease in
the blade-edge angle from 90° to 50°. The highest shearing
force, shearing strength, shearing energy, specific shearing
energy and extension at maximum load values were obtained
at 90° angle as 25.476 N, 1.677 N mm=, 0.058 Nm, 0.004 J
mm™ and 11.31 mm, respectively, followed by 80°, 70°, 60°
and 50° blade-edge angles. The lowest results were determined
at serrated 2 blade types as 11.86 N, 0.780 N mm, 0.0026
Nm, 0.003 J mm and 12.05 mm, respectively (Table 3). By
decreasing vertical shearing angle, the paddy stem will be
bent alongside the applied force. Therefore, more energy is
taken in order to complete shear operation. The similar results
were observed by Kronbergs et al. (2011). They argued that
shearing force and energy depends on some parameters such
as the material deformation process, blades edge- angle and
friction forces. These parameters cause significant increase of
cutting energy. According to the results, the suitable blades
edge angle is change between 25° and 45°. The decrease of
shearing force and energy depend on blade- edge angle allows
proper design of the cutting unit and cutting machine for paddy
stem and predicting the power requirements. Hoseinzadeh et
al. (2009) investigated the effect of moisture content, bevel
angle and cutting speed on shearing energy for three wheat
varieties. According to theirs results, the blade edge angle has
significant effect on the cutting force and energy. Dowgiallo

(2005) also reported that besides the cutting edge, blade edge
sharpness and blade speed are effect parameters on cutting
properties. The cutting force and energy required for the
pigeon pea crops were investigated by Dange et al. (2011). The
study investigated that the cutting energy and cutting force
were directly proportional to cross-sectional area and moisture
content at the time of harvesting of pigeon pea crop. 30° and
45° bevel angle were selected for the cutting experiment.
According their result, the blade 45° bevel angle required
23.74 % more cutting energy than the blade with 30° bevel
angle for 30 mm diameter stem. Whereas the blade with 45°
bevel angle required 16.05 % more cutting force than the blade
with 30 ° bevel angle. Optimum blade-edge angle, shear angle,
oblique angle, and rake angle were measured 25°, 40°, 40°,
and 40°, respectively, for Kenaf stems (Ghahraei et al., 2011).
Koloor and Borgheie (2006) studied that the effect of blade
parameters on the cutting energy of paddy stem by an impact
type shears tests apparatus. According their results, specific
cutting energy decreased with increasing in oblique angle
and it is a minimum at 30°. Yore et al. (2002) investigated the
cutting properties of paddy straw to aid development of novel
header system for combines. Tavakoli et al. (2010) compared
mechanical properties of two Iranian varieties of paddy straw,
namely Hashemi and Alikazemi. The results showed that the
energy requirement for cutting of Hashemi straw is more
than Alikazemi variety. Mathanker et al. (2015) investigated
the effect of cutting speed and blade oblique angle on cutting
energy. The results showed that the specific cutting energy
increases with cutting speed. The specific cutting energy
showed a close correlation with stem diameter and stem cross-
sectional area. Our results indicated that shear force and energy
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were significantly larger for the 90° angle than the other four
cutting edge angles. The mean of this situation that using 50°

blade edge angle and serrated 2 blade types can minimize the
shearing force and shearing energy requirements.

Table 3. Analysis of variance of the cutting force and cutting energy with respect to blade edge angle

Blade cutting Cutting force Energy strength (N Energy SEC Extension at Max. load

angle () N) mm) (Nm) (J mm) (mm)

90 25.48 a* 1.677 a 0.058 a 0.004 a 11.31d

80 23.13b 1.521b 0.050 a 0.003 a 13.28b

70 17.63 ¢ 1.159¢ 0.040 ab 0.003 a 14.19a

60 14.09d 0.931d 0.028 b 0.002 b 12.86 b

50 11.86 ¢ 0.780 ¢ 0.026 b 0.003 a 12.05¢
Mean 18.35 1.214 0.041 0.003 12.73

*means followed by the same letter in each column are not significantly different by Duncan’s multiple range tests at the I % Ievel.

The effect of loading speed on shearing properties of paddy
stem is summarized in Table 4. The Table 4 shows that the
effect of blade loading speed has been significant (p<0.01) on
the shearing forces, shearing strength, shearing energy, specific
shearing energy and extension at maximum load. There has
been an inverse relationship occurred between stem loading
speed and independent shearing properties such as shearing
force, strength and energy. The cutting force and energy values
decreased with increase loading speed from 2 mm s to 6 mm
s'. The highest shearing force, shearing strength, shearing
energy, specific shearing energy and extension at maximum
load were obtained at 2 mm s as 19.48 N, 1.281 N mm?, 0.043
Nm, 0.003 J mm™ and 12.49 mm, respectively. The minimum
values were occurred at 4, 5 and 6 mm s™'. While the significant
differences were found between 2 mm s and the other loading
speed values, there were not found significant differences
among 4, 5 and 6 mm s™' cutting speed. The resistance of plant
to lodging is closely related to the physical and mechanical
properties of their stems (Alizadeh et al., 2011). According
to O’Dogherty et al. (1995) the physical properties of plant
materials depend on rate of loading. Similar results were
reported by Yore et al. (2002) for paddy straw, by Alizadeh
et al. (2011) for paddy stem. These results are in agreement
with Chandio et al. (2013) who concluded that the average
shear force and strength was obtained from 13 N to 15 N at
5, 10 and 15 mm min™! for paddy stalk. Similar results were

found by Yiljep and Mohammed (2005). They investigated that
the effect of blade velocity on shearing energy and efficiency
during impact of sorghum stalk. According to their results, the
cutting energy requirement decreased with increase in blade
velocity. The cutting energy required to cut sorghum stems
showed a minimum at 2.9 m s cutting speed and it increased as
the cutting speed increased above 2.9 m s'. However, contrary
to these results, our results did not in agreement with Yiljep
and Mohammed (2005) results. The cutting force, strength
and cutting energy increased with an increase in loading
speed from 5 to 15 mm min™'. Allameh and Alizadeh (2016)
conducted a study on cutting properties of paddy. The results
revealed that paddy cultivar and blade velocity had significant
effects (P<0.01) on the specific cutting energy. There were
significant differences among cultivars in the view of specific
cutting energy so that the highest and lowest values belonged
to Hashemi variety (29.29 kJ m?) and Khazar variety (16.81 kJ
m?), respectively. When blade velocity increased from 1.5 m
s'to 2.5 m s, specific cutting energy raised about 77 %.

Also, to calculate and estimate the cutting force and energy
values as the theoretical, a regression equation was derived
from the average values for five blade-edge angle levels
and five loading speeds. The linear regression equations and
coefficients values are shown in Table 5 and Table 6. This
derived linear relationship can be used to estimate the shearing
properties to cut paddy stem.

Table 4. The relationship between cutting properties and cross-sectional area of paddy stem

Cutting speed (mm Cutting force Energy strength Energy SEC Extension at Max. load

s ™) (N'mm*) (Nm) (J mm™) (mm)

2 19.48 a* 1.281a 0.043 a 0.003 a 12.49b

3 18.94 ab 1.245 ab 0.042 a 0.004 a 1343 a

4 18.01b 1.185b 0.041 a 0.003 a 12.34b

5 17.64b 1.160 b 0.037b 0.003 a 12.83 b

6 17.58 b 1.157b 0.039b 0.002 b 12.59b
Mean 18.35 1.214 0.041 0.003 12.73

*means followed by the same Ietter in each column are not significantly different by Duncan’s multiple range test at the T % level.
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Table 5. The regression equations depend on blade edge-angle.

Parameter Regression equation R?
Shearing force (N) Y=29.322 - (3.628) X, 0.979
Shearing strength (N mm) Y=1.9284 —(0.238) X, 0.979
Shearing energy (Nm) Y=0.00662 — (0.0086) X, 0.969
Specific shearing energy (J mm?) Y=0.0042 - (0.004) X, 0.80
X 1s the angle of blade edge.
Table 6. The regression equations depend on blade loading speed.
Parameter Regression equation R?
Shearing Force (N) Y=19.847 - (0.5026) X, 0.911
Shearing strength (N mm) Y=1.3055—(0.0333) X, 0.910
Shearing energy (Nm) Y=0.0449- (0.0015) X, 0.969
Specific shearing energy (J mm?) Y=0.0042 - (0.004) X, 0.80

X is the blade loading speed.

Conclusion

The results of the analysis of variance and Duncan’s test
also showed that the main effect of blade type, blade angle
and cutting speed and their interactions were found significant
on shearing force, shearing strength, shearing energy, specific
shearing energy and extension at maximum load (p<0.01). The
lowest and best results were determined at serrated 2 blade
types; 90° shearing angle and 6 mm s™' loading speed, followed
by the serrated 1 and flat-edge type blade. The highest values
were observed at flat blade type. The cutting force and cutting
energy increased with an increase in the blade edge angle from
50° to 90° edge angle. When we evaluated all measurement of
interactions of Duncan test results, the peak values of shearing
force, shearing strength, shearing energy, specific shearing
energy and extension at maximum load were observed at flat-
edge blade, 90° shearing angle and 2 mm s™' cutting speed as
43.47N,2.86 nmm=2and 0.106 Nm, 0.007 Jmm?2 and 24.5 mm.
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