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ABSTRACT

This experiment is dedicated to study the impact of essential technical and engineering
parameters on the performance of an agricultural residue shredder for producing non-traditional
ruminant nutrition. The study was carried out in the workshop of Agriculture college at Ain Shams
University in Egypt, during the academic year of 2023-2024. The investigation tested two shredder
knife speeds of (1300 vs 1500 rpm), two feeding rates of (1.5 vs 3 kg.min-1), and two penetration
angles of (20° vs 30°). The evaluated technical traits comprised: productivity, cutting efficiency,
total required power, and specific energy. The moisture content of palm frond was 39%. The
findings displayed that the greatest recorded productivity was 108.23 kg.h-1, with the highest
shredding efficiency was 87.67%. The least overall required cutting power was 1.040 kW,
furthermore, the least recorded specific energy value was 0.01255 kW-h-kg™'. These results indicate
that optimizing shredder knives’ velocity and feeding rates can lead to enhance efficiency and
reduce the energy consumption in agricultural residue handling, contributing to a more efficient
feed production. The Statistical System that was adopted for Analysis was Genstat Discovery
Edition 4. To analyze the data according to a split experiment in a randomized complete block
design (RCBD), the Least Significant Difference (LSD) test p< 0.05 was used to compare the
means.

Key words: Agricultural residue, Feeding rate, Palms frond, Power analysis, Residue shredder.

Copyright© 2025. The Author (s). Published by College of Agricultural Engineering Sciences,
BY University of Baghdad. This is an open-access article distributed under the term of the Creative
Commons Attribution 4.0 International License, which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cite.
Received: 16/12/2024, Accepted: 12/3/2025, Published: 30/6/2026

INTRODUCTION chemical fertilizers thus improve farm income
Agricultural residue is regarded a major profitability (Akinyemi and Daikwo, 2022).
concern to farmers, specifically after One primary strategy is promising toward
harvesting, because it requires both cost and repurposing agricultural residues into animal
effort for managing or disposing of. According feed or even as bioenergy sources such as
to recent investigation, this residue can cause biogas. While this offers a sustainable
environmental and economic difficulties if not solution, it often needs huge initial investment
treated  correctly.  Agricultural  residue (Wagqas et al., 2022). The livestock industry
considered  serious  environmental and significantly depends on conventional feed
economic challenges, leading to soil, water, sources such as corn, alfalfa, oat grass, and
and air pollution (Nath et al., 2023) Disposing soybean meals. However, the excessive cost
of this residue is expensive for farmers, and if and scarcity of these resources, especially in
left untreated, leads to more degradation. developing countries, place major challenges
nevertheless, utilizing agricultural residue in (Mizarhai et al., 2021). In response,
an effective way can reduce dependence on researchers and the feed industry are exploring
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based agro-industrial byproducts (such as
oilseed waste, fruit residues, and sugar by-
products) and agro-forestry waste (e.g., rice
straw, coffee husks, and cassava peels) (Iram
et al, 2022; Mark et al., 2024). These
alternative feed sources align with sustainable
agricultural practices by repurposing waste
materials while reducing feed production costs
(Chen et al., 2021) Residue must first identify,
then collect, separated, cleaned, and used as
needed before it is recyclable too. Residue
management is one of the main issues
worldwide that need to be dealt with. Despite
political support, recycling still needs more
attention in the circular economy era. Now that
the circular economy is taking the place of
linear economies, care must be taken to ensure
that the materials being used remain available
for reuse, recycling, and renewal for as long as
feasible. Considering this, the current study
focused on converting waste materials into
value-added products. A suitable system
should be evolved to ensure that residue does
not negatively affect the environment. Iraq is
currently experiencing a change toward
agricultural mechanization, distinguished by
the adoption of advanced technologies, with a
special assert on research and development in
this major (Awan et al, 2022) Recycling
agricultural residue into animal feed or organic
fertilizer is a solution that decreases the load
on farmers. This solution offers dual benefits,
reducing agricultural residue and increasing
profitability by providing additional resources.
(Bangar et al., 2023; Melcherciket al., 2022)
One of the main positives of using a shredder
is that it helps in increasing the digestibility of
the feed, allowing the cattle to absorb more
nutrients, leading to better growth and higher
milk production. Moreover, these machines
also help in reducing residue, which in turn
decreases total production costs. In 2022, it
was evident that agricultural machinery,
including feed cutters, aids in reducing total
feed cost and increases feed profitability. The
investigation showed that nutrition costs
constitute a considerable proportion of farm
costs, often accounting for about two-thirds of
the overall cost of agricultural production.
Enhancing feed efficiency can lead to
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significant reductions in these expenses. Feed
costs constitute about 70-75% of the total
production expenses, thereby driving ongoing
efforts to identify other feed sources that can
decrease feed costs (Ati et al, 2020)
Moreover, the chopping machines play a vital
role in the sustainability of modern farming of
livestock, ensuring that farmers may effectible
manage their resources while improving
productivity. Furthermore, the use of feed
cutting machines can aid in producing high-
quality Silage, that is a type of stored feed
used during periods of low feed resources.
This Silage helps to increase their production
of both meat and milk while enhancing overall
animal health. Optimizing cutting velocity and
penetration angles in addition to enhancing
power consumption and chopping efficiency is
important aspect. In one investigation on palm
frond cutting, it turned out that using a 45°
penetration angle decreased the time required
to cut multiple rows in comparison to the
penetration angle of 90°. Additionally, these
small angles decrease the effect on the
material's surface thus enhancing cut quality.
decreasing the need for tool maintenance
(Zhao et al., 2021). Cutting at small angles
obtain smoother, more precise results,
decreasing the need for extra processing to
improve the cut or finish, saving time, leading
to increase productivity. In contrast, if the
penetration angle is too small , it could lead to
quick wear down of the blades , reducing
efficiency if not appropriately managed (chen
et al., 2021) , Reducing the penetration angle
that may increase productivity in cutting
operations that require high forces, such as
cutting wood materials or feed, but it increases
blade wear, which affects overall economic
efficiency (Mizrahi et al., 2021)There is a
close relationship between material resistance,
cutting speed and friction force. Reducing the
cutting angle allows for reduced material
resistance, which reduces the mechanical
energy required for each cutting operation.
Research has also shown that improving the
cutting angle reduces wear and friction on
tools, which contributes to reduced energy
consumption and improves overall process
efficiency. (Balasubramanian and R, 2024)
stated that the mechanical properties of palm
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stalk differ in their resistance to cutting.
according to the variety, they found that the
stalk of Tebarzal palm trees, require the
highest cutting force compared to the rest of
the wvarieties studied Furthermore, recent
studies in cuttinl1g technologies shown that
reducing 111material resistance by using
appropriate cutting angles or optimizing
cutting conditions can reduce energy
consumption by up to 30% in some cases,
especially when using advanced cutting tools
with sharp penetration angles (Shi et al.,
2022). Increased cutting speed improves
productivity in feed cutting machines, as
higher speeds are associated with increased
force and energy expenditure, which improves
the efficiency of the cutting process (Tomaz et
al., 2023) Cutting speed affects tool life and
cut quality, thus enhancing productivity in
forages cutting machines by improving
operational efficiency and reducing costs
(Wang et al., 2022). Increasing the speed of
the cutting knives improves energy
consumption and  field/product  work
capabilities while reducing field energy and
product consumption in feed cutting machines
(Mustafa and Osman 2019). In a study
conducted on a locally manufactured forages
chopping machine and studying some of the
machine's operational factors, it was found that
increasing the speed of the knives led to an
increase in  the machine's  practical
productivity, cutting efficiency, and the total
energy required to cut the forage. The main
factor affecting the productivity of the
chopping is its speed. According to the
chopping results, the productivity increased
from 2.65 to 4.21, from 3.64 to 5.38, and from
4.32 to 6.48 t. h-1 at moisture content of 60,
70, and 77% respectively, when the chopping
speed was increased from 1650 to 2400 rpm.

(Ghobashy et al., 2023) The cutting feeding
rate improves the processing accuracy by
41.8% and reduces the cutting time by 50.8%,
which improves the overall efficiency and
cutting capacity of the forages cutting
equipment (EIShal et al., 2018) Increasing the
feed rate moderately can improve efficiency
and reduce the specific power required.
However, when the feed rate is increased
excessively, the power required may increase,
resulting in a decrease in efficiency (Muhamed
et al., 2018). In a study that evaluated the
efficiency of feed cutting machines using
diverse feed rates and different feed
dimensions, the results confirmed that lower
feed rates can reduce the required power but
may negatively affect efficiency. (Mulatw,
2021) Indicated that the maximum efficiency
was achieved at a chopper rotation speed of
1800 rpm with a moisture content of 22.7% for
the chopper (Gupta, 2022). Given the
increasing shift toward agricultural
mechanization in Iraq, there is a growing need
for locally manufactured forage machines that
can efficiently process agricultural waste into
high-quality ruminant feed. This study aims to
evaluate the performance of locally
manufactured forage machines by analyzing
key mechanical and technical indicators under
different operational conditions.
MATERIALS AND METHODS

This study aimed to investigate the effect of
knife penetration angle illustrated in schematic
diagram in Fig.1 (A, B) and rotation speed of

cutting knives on the performance of
agricultural cutting machines. A locally
manufactured agricultural waste cutting

machine was used for this purpose, and is
illustrated photographed in Figure 2, with a
schematic diagram in Figure 3.

.‘

120 mm

Figure 1. (A) - Side view of penetration angles (30°)
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Figure 3. Schematic diagram for machine

The machine was developed locally with four process in the oven of 350 °C for ten minutes
cutting knives that were processed with heat. then cooled by air room temperature thus this
The hardening was accomplished by placing process makes the knives wear resistant.

the knives in the thermal oven of processing Experimental treatments and statistical
heat of 1000-1100°C for ten minutes, design: A tachometer was used to measure the
afterward cooled in oil , then a second heating rotational speed of the chopping cylinder.
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Measurements were taken both when the
machine was unloaded and when it was
operating under load conditions. The feeding
rates were controlled by conveyor belt with
one assistant labor. Samples of chopping
material separated from each experiment were
taken to determine the chopped mechanical
properties, and plants moisture content. The
Statistical System that was used for Analysis
was Genstat Discovery of Edition 4 to analyze
the data according to a split experiment in a

Experimental conditions

The experiment was conducted to evaluate the
performance of the machine and was measured
experimentally under the following
parameters:

A - Chopping cylinder peripheral velocity
(1300 and 1600 rpm).

B - feeding rate (1.5 and 3 kg)

C - knife penetration angle (20° and 30°)

E- palm tree:

Samples of ten palm trees were taken to

randomized complete block design (RCBD), determine the mentioned specification in
the means were compared using the Least (Table 1).
Significant Difference (LSD) test P< 0.05.
Table 1. Residue type: Palm tree specifications
No Plant Minimum stem Maximum stem
Length cm Diameter cm Diameter cm
1 167 0.49 4.34
2 171 0.46 4.29
3 159 0.52 4.89
4 184 0.38 3.67
5 177 0.42 4.21
6 181 0.39 3.58
7 158 0.50 5.20
8 166 0.48 4.55
9 170 0.44 4.49
10 168 0.41 4.86
Mean 170.1 0.449 4.408
*The palm frond moisture content was on the basis of 39%.
Calculation of the affected variables chopping ef ficiency = Wout — Wuncut , 4

A- Moisture content of the residues: Using
the conventional oven method, the moisture
content of the stems of agricultural residues
was measured by weighing samples of these
agricultural residues (with an accuracy of 0.1 g
using an electric balance) and drying them in
an oven set at 70 °C for 48 h. The following
formula was used to determine.

Mb — Ma
M= —x100
b
Where:

M: moisture content

M, . mass of the sample(g)before drying
Ma mass of the sample (g)after
Chopping efficiency: Three samples of palm
stems weighing 1.5 and 3 kg were fed into the
chopping for each treatment, and the resulting
materials were weighed, and the cutting

efficiency was determined as follows. Nipa et
al., 2021):
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Where:
Wyt = Output mass, (g)
Wi, = Input mass, (g)
Weye = The mass

category, (g)
Uncut residues

of cutting maximum

after chopping

Wuncut =

process, (g)
B- Machine productivity

The following equation was used to calculate

machine productivity.
w
P = ?
Where: P= Machine productivity, (kg/h)

W= mass of plant, (Kg), and t = Time, (h)

C- Total power requirement: A clamp meter
was used for measuring potential difference
value and current strength, respectively before
and during experiment been read of volt (V)
and ampere (I) were taken both prior to and
throughout each procedure. The power
consumption (P) was calculated from the
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values of volt (V) and ampere (I) by using the
following equation (Mohamed, 2024).
Total consumed power (P) = Load

IV * n=*cos@

1000

Ep =

Where:

Ep = Required power for cutting, (KW)

I = Line current strength in Amperes, (A)

V= Potential strength (Voltage) equal to 220V.
cos 8= Power Factor (being equal 0.84)

n = mechanical efficiency assumed (90%)

D- Specific energy consumption: Estimation
of the consumed specific energy was

conducted using the following equation,
(Mohamed 2024)
EP

EC = —
P

Where: EC = Specific energy consumption
(kw.h kg™

Ep = Required power for cutting (KW), and

P= machine productivity, (kg.h™).

RESULTS AND DISCUSSION

Statistical analysis results show in Table 2, it
was observed that there was an effect of
penetration angle, velocity of chopping and

feeding rate on the productivity. The results
showed a significant effect in productivity
from 92.25 to 86.89 kg.h'!, when increasing
penetration angle from 20° to 30° degrees. The
reason for this is that the decrease in cutting
sharpness increases the resistance of the plant,
which contributes to increasing the time taken
to penetrate the plant stem. Furthermore, the
results show that there were significant
differences when increasing the cutting speed
from 1300 to 1500 rpm. The productivity
increased from 84.41 to 94.73 kg.h'!. This is
because increasing the speed of the knives
leads to shortening the time required to cut the
plant stems. From the same Table 2, it was
shown that there were significant differences
when the feeding rate increased from 1.5 to 3
kg. Productivity increased from 83.26 to 95.88
kg.h!. This is attributed to the fact that
increasing the feeding rate leads to an increase
in the amount of cutting materials in a shorter
time. The binary interaction was significant
only between cutting speed and feed rate; it
recorded the highest value of 104.10 kg.h.

Table 2. Effect of penetration angles, cutting knife speed and feeding rate on productivity kg.h™!

productivity(kg.h™)
C*f Knife penetration angle (D) Feed rate Chopping speed
30° 20° ® ©
81.16 79.30 83.01 1.5kg 1300 rpm
87.66 84.19 91.13 3 kg
85.36 84.08 86.64 1.5kg 1600 rpm
104.10 99.08 108.23 3kg
2.48 LSD cx¢ N.S LSD c#pp
C*D
Average Chopping 30° 20° Chopping speed
speed
84.41 81.75 87.07 1300 rpm
94.73 92.03 97.44 1600 rpm
2.11 LSD ¢ N.S LSD c#p
f*D
Average feeding 30° 20° Feed rate
rate
83.26 81.69 84.83 1.5kg
95.88 92.08 99.68 3 kg
2.01 LSD ¢ N.S LSD pp
Knife penetration angle (D)
30° 20° Average Knife penetration angle
86.89 92.25
241 LSD p

* LSD; Least significant difference at probability.
** N.S.; No significant difference at probability (5%)
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The palrﬁinfrond moisture content was on the
basis of 39%.
Table 3 shows the effect of penetration angles,

cutting knife speed and feed rate on
requirement power. Considering the results, it
was shown that there was a significant effect
on the required power from 1.246 to 1.512 kw,
when increasing the penetration angle from
20° to 30° degrees. The reason behind that was
decreasing the cutting sharpness increases the
resistance of the plant, which contributes to
increasing the required power to penetrate the
plant stem. Furthermore, show that there were
significant differences when increasing the
cutting speed from 1300 to 1500 rpm, as the

required power increased from 1.278 to 1.480
kW, because increasing the speed of the knives
leads to an increase in the amount of cut plant
stems, moreover, increases the load on the
cutting tool, which increases the power
required for cutting. From the same Table 3, it
was found that there were significant
differences when increasing the feed rate from
1.5 to 3 kg, as the required power increased
from 1.315 to 1.443 kW, because increasing
the feed rate leads to an increase in the amount
of cut materials, which in turn increases the
friction between the cut plant stems and the
cutting tool.

Table 3. Effect of penetration angle, cutting knife speed and feed rate on requirement power (kw

Power (KW)
C*f Knife penetration angle (D) Feed rate Chopping speed
30° 20° ® ©
1.193 1.347 1.040 1.5 kg 1300 rpm
1.362 1.490 1.233 3 kg
1.437 1.570 1.303 1.5 kg 1600 rpm
1.523 1.640 1.407 3 kg
N.S LSD c#¢ N. S LSD c*pp
C*D
Average Chopping 30° 20° Chopping speed
speed
1.278 1.418 1.137 1300 rpm
1.480 1.605 1.355 1600 rpm
0.063 LSD ¢ N.S LSD c¢#p
f*D
Average feeding rate 30° 20° Feed rate
1.315 1.458 1.172 1.5kg
1.443 1.565 1.320 3kg
0.0331 LSD ¢ N.S LSD ¢p
Knife penetration angle (D)
30° 20° Average Knife penetration angle
1.512 1.246
0.0731 LSDp

* LSD; Least significant difference at probability.
** N.S.; No significant difference in probability
The palm frond moisture content was on the basis of 39%.

Table 4 shows the effect of penetration angles,
cutting knife speed and feeding rate on
specific energy. Based on these facts, it was
found that there was a significant effect on
specific energy from 0.01359 to 0.01749
kw.hkg!, when the penetration angle
increased from 20° to 30° degrees. This may
be due to the increased contact between the
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cutting tool and the plant stems, which
increases friction, which consumes additional
energy that leads to an increase in specific
energy. Furthermore, show that there were
significant differences when the cutting speed
increased from 1300 to 1500 rpm, as the
specific energy increased from 0.01525 to
0.01583 kw.h.kg!, because increasing the
speed of the knives leads to an increase in the
amount of cut plant stems. In addition, the load
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on the cutting tool increases, which increases
the required power and specific energy for
cutting. From the same (Table 4), it was found
that there were significant differences when
the feeding rate increased from 1.5 to 3 kg, as
the specific energy decreased from 0.01585 to
0.01523 kw.h.kg!, This could be attributed to

the fact when the feeding rate increases, a
larger quantity of plant stems is cut in less
time, in addition to the total energy required
for cutting being distributed over a larger
volume of the cut material, and thus the
specific energy decreases.

Table 4. Effect of penetration angle, cutting knife speed and feed rate on specific energy (kw.h.kg™)

specific energy (kw.h.kg™")
C*f Knife penetration angle (D) Feed rate Chopping speed
30° 20° ® ©)
0.01478 0.01702 0.01255 1.5kg 1300 rpm
0.01573 0.01776 0.01370 3kg
0.01691 0.01872 0.01511 1.5kg 1600 rpm
0.01474 0.01646 0.01303 3kg
N.S LSD c*¢ N. S LSD c*#p
C*D
Average Chopping speed ~ 30° 20° Chopping speed
0.01525 0.01739 0.01312 1300 rpm
0.01583 0.01759 0.01407 1600 rpm
0.000551 LSD ¢ N.S LSD c+p
f*D

Average feeding rate 30° 20° Feed rate
0.01585 0.01691 0.01383 1.5kg
0.01523 0.01474 0.01336 3kg
0.000586 LSD ¢ N.S LSD b

Knife penetration angle (D)

30° 20° Average Knife penetration angle

0.01749 0.01359

0.000878 LSD b

* LSD; Least significant difference at probability.
** N.S.; No significant difference in probability
The palm frond moisture content was on the basis of 39%.

These results in Table 5,indicate that there was
an effect of the penetration angle, cutting
speed and feed rate on the cutting efficiency
(%), as the results showed a significant effect
on the cutting efficiency from 84.47 to 81.79
(%), when the penetration angle increased
from 20° to 30° degrees, the reason for this is
due to the decrease in cutting sharpness and
increased friction, which makes it susceptible
to corrosion and thus reduces the cutting
efficiency. Furthermore, show that there were
significant differences when increasing the
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cutting speed from 1300 to 1500 rpm, when
the cutting efficiency increased from 81.80 to
84.46 (%), because increasing the speed of the
knives leads to smooth flow of the cut stems
and reduces friction between the cutting knife
and the plant stems. From the same (Table 2),
it was found that there were significant
differences when increasing the feed rate from
1.5 to 3 kg. The cutting efficiency increased
from 81.51 to 84.75 (%). This could be
attributed to increasing the feed rate results in
more material being cut in a shorter time,
which increases productivity, in addition turn
improves efficiency.
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Table 5. Effect of penetration angle, cutting knife speed and feeding rates on chopping efficiency (%)

Chopping efficiency (%)
C*f Knife penetration angle (D) Feed rate Chopping speed
30° 20° ® ©)
80.29 78.81 81.77 1.5kg 1300 rpm
83.31 81.77 84.85 3kg
82.72 81.86 83.58 1.5kg 1600 rpm
86.20 84.73 87.67 3kg
N.S LSD c# N.S LSD c+p
C*D
Average Chopping speed ~ 30° 20° Chopping speed
81.80 80.29 83.31 1300 rpm
84.46 83.30 85.62 1600 rpm
0.709 LSD ¢ N.S LSD cp
f*D

Average feeding rate 30° 20° Feed rate
81.51 80.34 82.67 1.5kg
84.75 83.25 86.26 3kg
0.605 LSD ¢ N.S

Knife penetration angle (D)

30° 20° Average Knife penetration angle

81.79 84.47

0.90 LSD b

* LSD; Least significant difference at probability.

** N.S.; No significant difference in probability/ The palm frond moisture content was on the basis of 39%.

CONCLUSION

The obtained results show that the knife
penetration angle plays a vital role in
improving productivity, increasing efficiency,
and reducing the wear of cutting knives, in
addition to reducing the power required for
cutting. The balance between the operational
factors of the machine leads to achieving
optimal performance. The study infers that the
shredder machine can be applied to larger
farms through using larger inlet opening in
other words increasing capacity. The research
focused on the shredder's performance under
the given conditions of the study and
recommended the following:

1. Using penetration angle of 20° with the
cutting speed of 1600 rpm and feeding rate of
3 kg.

2. Adopting the hardening method of two
levels first to heating the metal to 1000°C then
cooling afterward by oil second to 350 °C and
cooling by air room temperature led to
durability of the blades thus decreasing the
wear out over time.

3. This machine can be used precisely for
small farm holdings efficiently.
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