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Abstract The design of a small axial flow sunflower thresher for tractor installation needs
to be developed and evaluated to obtain performance data suitable for sunflower seed
production in Thailand. Therefore, the purpose of this research is to design and evaluate a
small axial flow sunflower thresher. The design of this unit was done according to the
concept of a plant thresher machine, which consists of a set of rotor drums and threshing
sieves. The performance of the small axial flow sunflower thresher was evaluated in terms
of sunflower moisture in the range of 8.92 to 21.72%, feed rate in the range of 800 to
1,600 kg/h, and linear rotor speed of spike-teeth in the range of 6 to 14 m/s. Evaluation of
the threshing unit showed that these three factors had a statistically significant effect on
sunflower threshing performance. The optimal parameters to achieve maximal performance
are as follows. First, the sunflower moisture content should be in the range of 12 to 14% on
a wet basis. Second, the feed rate should be in the range of 1,000 to 1,200 kg/h. Last, the
linear velocity of the threshing rotor should range from 10 to 12 m/s. This will achieve
greater than 98% threshing efficiency with threshing losses and grain breakage of less than
2%. Future research should investigate additional factors influencing the separation and
cleaning of axial flow sunflower thresher machines.
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1. Introduction

Sunflowers are one of the most important cash crops
in the world's food and health industries [1-4] because they
contain a variety of nutrients that are beneficial to the
human body [5]. Sunflowers are short-lived plants that are
easily grown. They are widely planted for production and
distribution in Asia, Australia, the Americas, and some
parts of Europe. Currently, sunflowers are planted in more
than 80 countries, with Ukraine and Russia being the main
producers in the world, with a total output of about 33
million metric tons per year [6]. However, the conflict
between these countries has resulted in reduced output.
This has led to insufficient production to meet the needs
of the industry, affecting importing countries, such as
Thailand, since the country’s demand for sunflowers
exceeds its domestic production. In 2021-2022, Thailand
produced 1,291 metric tons of sunflower seeds, which is
insufficient to meet the needs of its domestic food
industry [7].

In most sunflower production in Thailand, farmers
prefer to use large machinery for harvesting since this is
convenient and rapid. However, from survey information
in sunflower-growing areas, it was found that combine
harvesters are not very suitable for harvesting sunflowers.
At harvest time, farmers will adapt their threshing
machines to suit the crop because the machinery used by
farmers to harvest sunflowers is also used to harvest other
crops. This is the main cause of seed losses. If farmers
want to reduce production costs, they must reduce harvest
costs because this is the most expensive step in the entire
production process [8—18]. Numerous researchers have
developed machines that can be used with a variety of Thai
crops and small-area crop planting to reduce costs
incurred in sunflower harvesting [19-23]. Therefore, the
most suitable tools are small machines that can be attached
to tractors to increase their utilization [21, 24-25].

The threshing unit is central in the harvesting process.
Most threshing machines in Asia have spike-tooth
threshing balls, which are adapted from other threshing
units [26]. It is necessary to have a small, light, and simple
design for maintenance and for mounting on a tractor [21].
In a research study of small plant threshing machines with
threshing balls less than 3 feet in size, it was found that
spike-tooth clearance and concave clearance had a
significant effect on threshing [27]. In 2017, Wuttiphol
Chansrakoo et al. studied the factors affecting the
performance of a small axial flow soybean thresher. They
found that the concave clearance, peg-tooth clearance,
guide vanes, rotor speed, and feed rate affect threshing
performance [28]. In 2016, Waree Srison studied the
designed factors affecting losses in axial flow corn
threshers. The results showed that concave clearance, peg
tooth clearance, and concave rod clearance had a
statistically significant effect on threshing losses [19]. In
2022, Pisal et al. studied the design factors of a sunflower
threshing unit. They chose a spike tooth that was suitable
for sunflower threshing. The influence of concave
clearance and peg-tooth clearance had a significant effect

on sunflower threshing performance [27]. The current
research will involve mounting a threshing unit on a small
tractor.

According to research on design of small sunflower
threshing units, mounting spike-teeth on a rotor threshing
unit will result in higher performance. These parameters
should be adjusted so that concave clearance is 5 to 10 mm
with a spike-tooth clearance of 125 to 150 mm, and
concave rod separation in the range of 20 to 25 mm.
Sunflower losses and broken seed percentages were less
than 2%, while threshing efficiency was 95% or more [27].
The above research suggests that a small axial flow
threshing unit can effectively thresh sunflowers. Previous
research studies only considered the design factors
affecting sunflower threshing performance in the
laboratory. However, construction and performance
evaluation of a small axial-flow sunflower threshing unit
has not been done. Therefore, in this research, a small axial
flow sunflower threshing unit was developed to evaluate
the performance of the unit and determine whether it is
suitable for use on a small tractor to yield high threshing
performance, low total losses, and few broken grains.

2. Materials and Methods

2.1. The Concept of Designing of Threshing Unit

Threshing units can be classified into several types
depending on the working principle of separating the seed
from the non-seed parts. Thailand is a country in which
small-scale farming is widely done. Small axial flow seed
threshers are suitable for threshing seeds [21]. In the
principle of axial flow threshing, when passing plants
through the feeding port, the rotation of the threshing
drum causes the threshing tines to strike the plants and
cause them to move into the threshing chamber. Then, the
plants are scraped and scrubbed against the threshing sieve,
causing the seeds to fall out of their pods. The material is
moved by an auger along the threshing axis, causing the
plant to be kneaded several times until it is ejected from
the threshing chamber. In the threshing process, material
smaller than the rod clearance of the threshing sieve will
fall through the lower threshing sieve. These materials
include seeds that are still attached to the pods. Straw and
other contaminants must be sorted and cleaned with
further sorting and cleaning equipment. The working
characteristics of an axial flow threshing unit are shown in
Fig. 1 [22, 29-30].
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Fig. 1. Axial flow threshing characteristics.
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2.1.1. Threshing rotor drum design concept

The threshing rotor drum characteristics of a small
axial flow sunflower threshing unit significantly affect

performance, especially the shape of the spike-tooth drum.

This affects the energy used in the threshing process due
to the impact between the teeth and the sunflowers. When
the threshing drum rotates, spiked teeth impact the
sunflowers within the gap between the threshing tines and
the threshing rod. This causes a force to be applied to the
sunflowers, as shown in Fig. 2, separating the seeds from
the flower disk where they drop through the threshing
sieve into the seed tray [22, 31].

Fig. 2. The acting force between the spike-tooth and the
sunflowetr.

The required threshing unit for these experiments
consisted of spiked teeth installed on a threshing rotor
drum. This is a cylindrical steel bar attached to a threshing
ball where the spike tooth clearance can be adjusted, as
shown in Fig. 3. This rotor drum has high threshing
efficiency and reduces threshing losses [21].

Fig. 3. Structural design of spiked teeth.

2.1.2. Sieve and threshing rod design concept

The characteristics of the sieve are important for the
performance of the threshing machine since the shape of
the sieve holes depends on the nature and shape of the
seeds. The sieve in the threshing unit is responsible for
separating the threshed seed from the non-seed parts. If
the spacing of the threshing sieves is too far apart, the
separation efficiency will likely decrease because many
seeds have not yet been threshed and are still attached to
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the straw. They can easily slip through the threshing sieve
but result in less seed damage. The appropriate distance
between the sieves depends on the physical characteristics
of the seeds [19]. These results indicated that a rod-
patterned threshing sieve is suitable for separating
sunflower seeds. [27].

2.2. Factors Studied and Experimental Design

This study was to assess the factors affecting the
performance of a sunflower threshing unit. Moisture
content (MC) was studied at five levels: 8.92, 12.21, 14.30,
18.66, and 21.72%. The feed rate (FR) was at five levels:
800, 1,000, 1,200, 1,400, and 1,600 kg/h. The sequence
and linear velocities of five rotor speeds (RS) were 6, 8, 10,
12, and 14 m/s, as shown in Table 1. In experiments
examining the effects of MC, FR and RS, the parameter
values used are suitable for shelling grain [20, 31, 38]. A
central composite design (CCD) experimental plan was
formulated, and the effects of each parameter on the
coefficients of determination (R?) were assessed using
Design-Expert Software (Version 7; Stat-Ease Inc;
Minneapolis, MN, USA.), as shown in Table 2, which can
identify many co-factors with suitable locations for use

(32].
2.3. Testing Methods

A small axial flow sunflower threshing test was
performed using simulated sunflower cutting by a
combine harvester. The cut sunflowers were immediately
transported and tested in the lab to reduce variability from
sunflower deterioration after harvest. The threshing testin
each unit used 5 kg of material and a spike-tooth clearance
of 125 mm, which is suitable for sunflower threshing [27].
Then, the material that fell through the threshing sieve
into the seed trough was collected. This material was
ejected through the straw ejection channel, which consists
of seed and non-seed parts that were randomly sampled in
ecach experiment. Indicators for analyzing the
performance of sunflower threshing include seed losses,
seed breakage, power requirements, specific energy
consumption, and seed purity.

2.4. Indicating Parameters

The parameters used to evaluate the performance of
the sunflower threshing unit were threshing efficiency
(TE), threshing loss (TL), grain breakage (GB), power
requirements (P), specific energy consumption (SEC), and
grain purity (GP). These parameters were calculated based
on the Regional Network for Agricultural Machinery
(RNAM) test codes [33].
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Table 1.

the sunflower threshing unit.

Levels of factors studied for the functioning of

Level
variable -2 -1 0 1 2
MC@wb) 892 1221 1430 18.66 21.72
FR (kgh) 800 1,000 1,200 1,400 1,600
RS (ms) 6 8 10 12 14
Table 2. Central composite design matrix.
Expt. MC FR RS Comment
No
1 2 0 0 Axial points
5 Factorial
1 1 1 point
3 Factorial
1 1 1 point
4 Factorial
1 1 1 point
5 Factorial
1 1 1 point
6 0 5 0 Axial points
7 0 ) 0 Axial points
8 0 0 2 Axial points
9 0 0 5 Axial points
Factorial
10 1 1 1 point
1 Factorial
-1 -1 -1 point
Factorial
12 -1 1 1 point
Factorial
13 -1 1 1 point
14 5 0 0 Axial points
15 0 0 0 Center points
16 0 0 0 Center points
17 0 0 0 Center points

Threshing efficiency (TE) is the ratio of the weight
of sunflower seeds falling through the sieve to the lower
support rail and the weight of sunflower seeds leaving the
straw ejection channel to the total weight of sunflower
seeds fed, as in Eq. (1).

TE = (1 — 2%y x 100 0
Wi

TE is the threshing efficiency (%), M;is the weight of
sunflower seeds falling through the sieve to the trough
(grams), M; is the weight of sunflower seeds leaving the
hay lane (grams), and W is the weight of sunflower seeds
(grams).

Threshing loss (TL) is the ratio of the weight of the
total sunflower seeds exiting at the straw ejection channel
and the total weight of sunflower seeds, as shown in

Eq. 2).

TL = 2 x 100 @)
w

T

TL is the threshing loss (%), W7 is the weight of the total
sunflower seeds expelled from the straw ejection channel
(grams), and W, is the weight of the total sunflower seed
(grams).

Grain breakage (GB) is the ratio of the weight of
broken seeds after threshing at the lower support rail and
the total weight of seeds fed to the thresher as shown in

Eq. (3).

GB =22 x 100 3)
w

R

GB is the broken seeds (%), M, is the total weight of
broken seeds (grams), and Wr is the total weight of seeds
from the sample (grams).

The power requirement (P) is the power demand on
the electric motor to thresh for 1 second. A three-phase
motor is used in this test. P can be expressed as Eq. (4).

P =+/3VIcos® @)

P represents the power used, in Watts, by the threshing
unit. 7is the electric potential, ] represents electric current,
and cos @ is the power factor.

Specific energy consumption (SEC) is the ratio of
electric power to productivity in Watt-hours per metric
ton, as shown in Eq. (5).

P
SEC = — )

Pis power in Watts, and FR is feed rate in metric tons per
hour.

Grain purity (GP) is the ratio of the weight of cleaned
and threshed sunflower seeds to the total weight of
threshed seeds that fell to the trough, expressed as Eq. (6).

GP = 2% x 100 ©)

pre

GP is the percent of seed purity, Ppos for the weight of
sunflower grain falling through the chute as kernels after
cleaning, and Py is the weight of sunflower grain through
chutes as kernels before cleaning.
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3. Results and Discussion

3.1. Design of the Sunflower Threshing Unit

The design and refinement of a small axial flow
sunflower threshing unit started from the research of Pisal
et al. (2022). The design concept was to establish an axial
flow sunflower threshing unit depicted in Fig. 3. The
structure of the threshing unit had dimensions of 1.90 m
in length, 1.83 m in width, and 1.60 m in height. It
consisted of three main parts. The first is spikes with a
tooth clearance of 125 mm. The length and diameter of
the threshing rotor drum are 0.93 and 0.36 m, respectively,
as shown in Fig. 4. The second part is a threshing sieve
made of round steel ribs with a concave rod clearance of
25 mm, as shown in Fig. 5, and a concave-clearance to
10 mm, as shown in Fig. 6. This is the suitable range for
sunflower threshing [27]. The last part is a receptacle for
the seeds in the threshing process that fall through the
threshing sieve. The axial-flow sunflower threshing unit
used a five-horsepower electric motor.

Fig. 5. Concave rod clearance.
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Fig. 6. Concave clearance.
3.2. Evaluation of the Sunflower Threshing Unit

The result of research on the design factors of the
small axial flow sunflower threshing unit in the current
study showed an optimal feed rate of 1,200 kg/h with a
seed moisture content of 14.26%. Spike tooth clearance
and concave clearance significantly impact threshing
performance. An optimal sunflower threshing process
should be set with a concave rod clearance of 25 mm and
spike tooth clearance of 125 mm. The concave clearance
should not exceed 10 mm [27]. In addition to the effect of
the design factors, operation of the small axial flow
threshing unit also significantly impacts sunflower
threshing performance. These factors include seed
moisture content, feed rate, and linear rotor speed. As a
result of the current research, it was found that these work
factors had a statistically significant effect on sunflower
threshing performance. Parameters impacting threshing
efficiency (TE) include threshing losses (TL), grain
breakage (GB), the required power (P), specific energy
consumption (SEC), and grain purity (GP).

3.2.1. Threshing efficiency

Analysis of variance (ANOVA) in linear regression
for the design of a small axial flow sunflower threshing
unit showed that seed moisture (MC) and linear rotor
speed (RS) significantly influenced sunflower threshing
efficiency. However, the feed rate (FR) did not
significantly impact threshing efficiency. Threshing
efficiency tended to increase when the feed rate was
reduced, as shown in Table 3.

The regression parameter, lack-of-fit, showed that
the analytical equation had a p-value > 0.05. A regression
model that predicts the threshing efficiency from an axial
flow threshing unit can be expressed as Eq. (7).

TE = 98.317 — 0.08MC -0.465FR + 0.217RS (7)
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Table 3. Analysis of the vatiances of TE.

p-value

Source Sum of df Mean  F Prob >
Squares Square Value F

Model 397 3 132 11.69  0.0005*
A-MC 1.08 1 108 9.52 0.0087
B-FR 0.14 1 014 1.22 0.2889
C-RS 2.75 1 275 2434  0.0003
Residual 1.47 13 011
Lack of 140 11 013 3.86 0.2236ns
Fit
Pure 0.066 2 0033
Error
Cor 544 16
Total

ns = Not significant, * = Significant at p < 0.05

The result of analysis of variance of the structural
equation model and the statistical values affecting the
threshing efficiency from an axial threshing unit produced
a linear regression with a significantly low p-value (< 0.05).
This linear regression had an adjusted R? of 0.6673 and a
predicted R2 of 0.4793, as shown in Table 4.

Table 4. Model analysis affecting of TE.

Source Sequential Lack Adjusted Predicted
p-value of Fit R2 R2
p-
value
Linear 0.0005 0.2236  0.6673 0.4793M1
2F1 0.8451 0.1808 0.5999 0.1189
Quadratic  0.3981 0.1711  0.6156 -0.3229
Cubic 0.3888 0.1141  0.6986 -8.552412]
[1] = Suggested, [2] = Aliased
While Eq. (7) describes response surface

methodology (RSM), the relationship between moisture
content (MC), feed rate (FR), and linear rotor speed (RS)
affected the efficiency of sunflower threshing, as can be
seen in Fig. 7. Threshing efficiency was reduced when the
rotor speed (RS) increased, and the moisture content (MC)
was reduced. This is because the moisture content affects
the seeds’ capability to adhere to the flower disk as well as
their seed hardness [34-36]. Sunflower seeds were better
detached from flower disks at higher rotor speeds [21, 31,
37]. Concurrently, when the moisture content was reduced,

the threshing efficiency tended to be higher. This agtees
with the results of Pachanawan, A. et al. [31].

TE (%)

21 14

MC (%owb)

RS (m/s)

Fig. 7. Graphical response surface of factors affecting TE.
3.2.2. Threshing losses

Analysis of variance (ANOVA) in linear regression
for the design of a small axial flow sunflower threshing
unit was done. It was found that seed moisture (MC) and
linear rotor speed (RS) significantly influenced sunflower
threshing losses. The feed rate (FR) did not significantly
affect threshing losses, as shown in Table 5.

Table 5. Analysis of the variances of TL.

Source Sum of df Mean F p-value
v Squares Square Value Prob>F

Model  6.39 3 213 17.27 < 0.0001*

A-MC 1.26 1 126 10.18  0.0071

B-FR 0.033 1 0033 0.27 0.6125

CRS 5.10 1 510 41.37 < 0.0001

Residual  1.60 13 0.12 1.44

Lack of 1.42 11 0.13 17.27  0.4801ns

Fit

Pure 0.18 2 0.090

Error

Cor 8.00 16

Total

ns = Not significant, * = Significant at p < 0.05

Examining the lack-of-fit, it was found that the
analytical equation had a p-value > 0.05. Therefore, a
regression model that predicts the percent loss from an
axial flow threshing unit can be expressed as Eq. (8).

TL = 3.497 — 0.086MC + 0.228FR — 0.282RS ©))
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This linear relationship had a significantly low p-value (<
0.05) with an adjusted R? of 0.7531 and a predicted R? of
0.6394, as shown in Table 6.

Table 6. Model analysis affecting of TL.

Source
p-value of Fit R2 R2
p-
value
Linear < 0.0001 0.4801 0.7531 0.639411
2F1 0.7695 0.4136 0.7119 0.4425
Quadratic  0.2707 0.4475 0.7567 0.2624
Cubic 0.3949 0.3844 0.8068 -1.9955021

[1] = Suggested, [2] = Aliased

While Eq. (8) describes the response surface
methodology (RSM), the relationship between moisture
content (MC) and linear rotor speed (RS) affected the
threshing losses of sunflowers, as can be seen in Fig. 8. As
the rotor speed (RS) increases, the losses decrease. With a
higher rotor speed, the force applied to the sunflower disk
will be greater, resulting in better and faster sunflower seed
release, with a concurrent reduction in total losses [35, 38].
During the threshing process at higher moisture contents,
fewer seeds fall off the flower disk. Since moisture content
affects the capability of the sunflower seeds to remain
attached to the flower disk and seed hardness [34-30],
more unthreshed seeds are expelled from the high ejection
chamber. This results in higher total losses [21, 31, 37],
agreeing with the results of Pachanawan, A. et al. [31].

TL (%)

MC (%owb) RS (m/s)

21 14

Fig. 8. Graphical response surface of factors affecting TL.
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3.2.3. Grain breakage

Analysis of variance (ANOVA) was done for a linear
regression in the design of a small axial flow sunflower
threshing unit. It was found that seed moisture (MC),
linear rotor speed (RS) and feed rate (FR) significantly

Sequential Lack Adjusted Predicted influenced seed breakage, as shown in Table 7.

Table 7. Analysis of the variances of GB.

Sour Sum of df Mean F p-value

ource Squares Square Value Prob>F
Model 4.49 3  1.50 259.66 < 0.0001*
A-MC 2.05 1 205 356.26 < 0.0001
B-FR 0.19 1 0.19 32.56 < 0.0001
C-RS 2.25 1 225 390.17 < 0.0001
Residual 0.075 13 5.767E-

003

Lack of 0.055 11 4.997E- 0.50 0.8185ns
Fit 003
Pure 0.020 2 1.000E-
Ertror 002
Cor 4.57 16
Total

ns = Not significant, * = Significant at p < 0.05

From the lack-of-fit, it was found that the analytical
equation had a p-value > 0.05. Therefore, a regression
model that predicts the percent of seed breakage in an
axial flow threshing unit can be expressed as Eq. (9).

GB =-1.018 + 0.110MC — 0.542FR + 0.188RS  (9)

Analysis of variance showed that the percent of grain
breakage in an axial threshing unit followed a linear
regression with a significantly low p-value (< 0.05), an
adjusted R2 of 0.9798 and a predicted R? of 0.9714, as
shown in Table 8.
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Table 8. Model analysis affecting of GB

Source Sequential Lack Adjusted Predicted
p-value of Fit R? R?
p_
value
Linear < 0.0001 0.8185 0.9798 0.9714 1
2F1 0.8677 0.7399 09755 0.9547
Quadratic  0.5464 0.6975 0.9737 0.9337
Cubic 0.9149 0.2848 0.9522 0.0058 12
[1] = Suggested, [2] = Aliased
Equation  (9)  describes  response  surface

methodology (RSM). The relationship between moisture
content (MC), feed rate (FR), and linear rotor speed (RS)
affected the percent of seed breakage during sunflower
threshing can be seen in Fig. 9. When the feed rate (FR)
was increased, the number of broken seed from sunflower
threshing decreased. As the rotor speed (RS) increased, a
higher percentage of seeds were broken. Due to the higher
impact linear speed, the force applied to the sunflower
disk is higher, causing more sunflower seeds to break
during the threshing phase than at low impact speeds [21,
31, 37]. When the moisture content is decreased, the
percentage of fractured seeds from kneading decreases.
Moisture affects the capability of the seeds to remain
attached to the flower disk and the hardness of the
sunflower seeds [34-306]. This agrees with the results of
Pachanawan, A. ¢t al. [31].

GB (%)

21 14

18.4

15.8

MC (%wb)

RS (m/s)

Fig. 9. Graphical response surface affecting GB.

58

3.2.4. Power requirements

Analysis of variance (ANOVA) for a linear regression
in the design of a small axial flow sunflower threshing unit
showed that the linear rotor speed (RS) and feed rate (FR)
significantly influenced power requirements. Seed
moisture (MC) did not significantly affect threshing losses,
as shown in Table 9.

Table 9. Analysis of the variances of P

Sour Sum of Mean F p-value
ource Squares Square Value Prob>F

Model 7194224 3 23980.75 3243 < 0.0001*

A-MC 780.30 1 780.30 1.06 0.3230

B-FR 5494.22 1 549422 743 0.0173

CRS 65667.71 1 65667.71 88.82 < 0.0001

Residual 9611.65 13 739.36

Lack of 697898 10 634.45 0.48 0.8280ns

Fit

Pure 2632.68 3 1316.34

Error

Cor 81553.89 16

Total

ns = Not significant, * = Significant at p < 0.05

From the lack-of-fit, it was found that the analytical
equation had a p-value > 0.05. A regression model that
predicts the power required can be expressed as Eq. (10).

P =445.03 + 2.149MC + 92.654FR + 32.032RS (10)

The result of analysis of variance of the structural
equation model and the statistical values affecting the
power requirements found that a linear regression
produced a relationship with a significantly low p-value (<
0.05), an adjusted R2 of 0.8549 and a predicted R? of
0.7975, as shown in Table 10.
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Table 10. Model analysis affecting of P.

DOI:10.4186/€).2024.28.4.51

Table 11. Analysis of the variances of SEC.

Source Sequential Lack Adjusted Predicted
p-value of Fit R? R?

p_

value
Linear < 0.0001 0.8280 0.8549 0.7975 M
2F1 0.9745 0.7308 0.8153 0.6098
Quadratic  0.8886 0.5965 0.7577 0.3102
Cubic 0.4540 0.5510 0.7844 -0.8182 12

[1] = Suggested, [2] = Aliased

While Eq. (10) describes the response surface
methodology (RSM), the relationship between feed rate
(FR), and linear rotor speed (RS) affected the power
requirements for sunflower threshing, as can be seen in
Fig. 10. The power required for threshing sunflower seeds
increased with the feed rate (FR) and rotor speed (RS).
Since the mass of sunflower seeds in the threshing
chamber was directly proportional to the feed rate, it
affected the force applied for threshing sunflower seeds
[34, 25]. It was also found that higher kneading power was
produced by greater rotor speeds [21, 31, 37]. This agrees
with the results of Pachanawan, A. ez a/l. [31].

Power (W)

1.6 14

FR (ton/h) RS (m/s)

0.8 6

Fig. 10. Graphical response surface affecting power.
3.2.5. Specific energy consumption

Analysis of variance (ANOVA) for a linear regression
in the design of a small axial flow sunflower threshing unit
found that linear rotor speed (RS) and feed rate (FR)
significantly influence specific energy consumption. The
seed moisture (MC) did not significantly affect threshing
losses, as shown in Table 11.

Sourc Sum of Mean F p-value
ource Squares Square Value Prob>F
Model 2733E+ 3 91096 7191 < 0.0001*
005
A-MC 619.15 1 61915 049 0.4968
B-FR 2.254E+ 1 2254E 1778 < 0.0001
005 +005 9
C-RS 473109 1 47311 3735 < 0.0001
Residual 164691 1 12667
3
Lack of 146409 1 1331 1.46 0.4765ns
Fit 0
Pure 1828.25 3 91412
Error
Cor 2.898E+ 1
Total 005 6

ns = Not significant, * = Significant at p < 0.05

From the lack-of-fit, the analytical equation had a
p-value > 0.05. Therefore, a regression model that predicts
the specific energy consumption can be expressed as
Eq. (11).

SEC = 1187.46 + 1.91MC — 593.39FR + 27.19RS (11)

The result of analysis of variance and the statistical
values affecting the specific energy consumption indicated
a linear regression with a significantly low p-value (< 0.05),
an adjusted R? of 0.93 and a predicted R? of 0.8946, as
shown in Table 12.

Table 12. Model analysis affecting of SEC.

Source Sequential Lack Adjusted Predicted
p.value of Fit R2 R2

P.

value
Linear < 0.0001 0.4765  0.9300 0.8946 11
2F1 0.8300 0.4024 09164 0.8668
Quadratic  0.0590 0.6309 0.9561 0.8789
Cubic 0.5526 0.4791 0.9538 0.4821 12

[1] = Suggested, [2] = Aliased
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The relationship between feed rate (FR) and linear
rotor speed (RS) affected the specific energy consumption
of sunflower threshing, as shown in Fig. 11. When the feed
rate (FR) was increased, the specific energy consumption
for threshing sunflowers decreased [20, 39]. The feed rate

was inversely proportional to the threshing-specific energy.

Also, an increased threshing rotor speed (RS) increased
specific energy consumption. The mass of sunflower
seeds in the threshing chamber is directly proportional to
the speed of the threshing ball. Therefore, the speed of the
threshing ball affects the specific energy used in threshing
the sunflower seeds to the same degree as the power used
for threshing sunflower seeds [20, 34]. It was also found
that higher kneading specific energy consumption was
influenced by greater rotor speed [21, 31, 37], in agreement
with Pachanawan, A. ef al. [31].

SEC (W-h/ton)

C: RS (m/s)

Fig. 11. Graphical response surface affecting SEC.

3.2.6. Grain purity

From analysis of variance (ANOVA) for a linear
regression in the design of a small axial flow sunflower
threshing unit, it was found that seed moisture (MC) and
linear rotor speed (RS) significantly influence grain purity.
The feed rate (FR) did not significantly affect grain purity.
The grain purity percentage in threshing tended to
increase with higher feed rates, as indicated in Table 13.

From the lack-of-fit, it was found that the analytical
equation had a p-value > 0.05. A regression model that
predicts grain purity is Eq. (12).

GP =100.72 - 0.065MC + 0.206FR - 0.120RS  (12)

Analysis of variance and the statistical values
affecting the grain purity showed a linear relationship with

a significantly low p-value (< 0.05), an adjusted R? of
0.6833 and a predicted R? of 0.6168, as shown in Table 14.

Table 13. Analysis of the variance of GP.

Sourc Sum of Mean F p-value

ouree Squares Square Value Prob>F
Model 1.66 3 055 12,51 0.0004*
A-MC 0.71 1 071 15.93  0.0015
B-FR 0.027 1 0.027 0.61 0.4472
CRS 0.93 1 093 20.97  0.0005
Residual ~ 0.58 13 0.044
Lackof 0.44 10 0.040 0.60 0.7675 ns
Fit
Pure 0.13 3 0.067
Error
Cor 2.24 16
Total

ns = Not significant, * = Significant at p < 0.05
Table 14. Model analysis affecting SEC.
Source Sequential Lack Adjusted Predicted
p-value of Fit R2 R2
p-
value

Linear 0.0004 0.7675 0.6833 0.6168 11
2F1 0.5318 0.7422  0.6663 0.6134
Quadratic  0.1055 0.9302  0.7909 0.6078
Cubic 0.8050 0.9768  0.6801 0.8692 12

[1] = Suggested, [2] = Aliased

The relationship between moisture content (MC) and
linear rotor speed (RS) affected grain purity resulting from
sunflower threshing, as indicated by Fig. 12. A lower
moisture content of sunflower seeds resulted in higher
cleanliness. The mass of broken seeds from threshing
decreases, in agreement with Srison, W. e a/ [19-20].
There is also evidence that increasing rotor speed (RS) will
result in decreased seed cleanliness in sunflower threshing.
This is because a higher rotor speed has a great effect on
the percentage of fractured seeds. Therefore, seed
cleanliness is reduced at low rotor speeds [20].
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Fig. 12. Graphical response surface affecting GP.
4. Conclusions

The small axial flow sunflower threshing unit in the
current study was extended from the earlier research of
Pisal et al, who developed an axial flow sunflower
threshing unit with dimensions of 1.90 m in length, 1.83
m in width, and 1.60 m in height, consisting of three main
parts: 1) The spike tooth clearance is 125 mm. The length
and diameter of the threshing rotor drum are 0.93 and 0.36
m, respectively. 2) The threshing sieve is made of round
steel ribs with a concave rod clearance of 25 mm, and set
the concave clearance to 10 mm, which is the suitable
range for sunflower threshing [27]. and 3) The receptacle
for the seeds in the threshing process that fall through the
threshing sieve.

Evaluation of the performance of the developed
threshing unit on the sunflower threshing performance
can be summarized as follows.

Moisture content impacts the loses from sunflower
threshing to a statistically significant degree. It was also
found that if sunflowers have a low moisture content,
grain breakage is decreased and sunflower threshing
efficiency tends to be higher.

The feed rate effects for threshing power and the
specific energy consumption were statistically significant.
Lower feed rates tend to increase threshing efficiency.
Conversely, higher feed rates result in higher grain purity.

The rotor speed effects on threshing efficiency,
threshing loss, threshing percentage, threshing power,
threshing specific energy, and grain purity were statistically
significant. As rotor speed is increased, the percentage of
broken seeds, threshing efficiency, threshing power, and
threshing specific strength were greater, but threshing
losses and grain purity were reduced.

The following are the ideal conditions for achieving
maximum performance: 1. The moisture content of the
sunflower threshing should be between 12 and 14 percent
wet base. 2. The recommended feed rate is between 1,000
and 1,200 kg/h, and 3. The threshing rotot's linear speed
should be between 10 and 12 m/s. With less than 2%
threshing loss and grain breakage, the thresher unit will
have a threshing efficiency greater than 98 percent [40, 41].

DOI:10.4186/€).2024.28.4.51

The present study focused on the design and operation of
the axial flow sunflower massage unit, an integral
component of the sunflower thresher. Future research
should focus on exploring additional factors in the
separation and cleaning of axial flow massage units.
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