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ABSTRACT

Experiments were conducted to assess the performance of the chopping machine in order to use the
final product for the production of animal feed and a variety of industrial products. The chopping
machine's performance was tested using three different types of crop residues (rice straw, corn stalks,
and cotton stalks), three different moisture contents for crop residues (wet base), and four different
chopping knife speeds (1200, 1500, 1900 and 2200). Results showed that the highest machine
productivity values were 0.436, 0.42 and 0.34 Mg/h, the highest fineness degree values were 81, 75
and 45%, the highest values of machine efficiency were 94, 96 and 95%, while the lowest specific
energy values were 3.46, 5.29, 2.24 kW.h/Mg and the lowest operational cost values were 132.72,
138.1 and 170.1 L.E/Mg for rice straw, corn stalks and cotton stalks, respectively. The maximum
values indicated were measured under the following conditions: Chopping knives speed at 1900 rpm
equals 89.54 nvs, therefore feeding drums speed at 208 rpm equals 9.8 nvs for different agricultural
residues containing moisture contents 6.76, 8.22 and 10.63% for rice straw, corn stalks and cotton
stalks, respectively and constant knife angle of 10 degree and constant clearance between fixed and

moving knives of 2 mm.

INTRODUCTION

Agricultural residues are considered a heavy burden on the
environment, especially since improper disposal of these
wastes reflects wrong practises that waste a valuable
productive element available on agricultural lands, as it can
be included in many industries such as manufacturing of
organic fertilizers, feed and generation of clean energy, and
even its recycling protects the environment from pollution;
The crop residues must be cut into pieces using chopping
machines to use in different purposes. It provides job
opportunities for young people, thus improving the economic
situation. In Egypt, during 2020 there are about 241 million
Mg annually of the crop residues which the amount of rice
straw is about 48 million Mg, the amount of corn stalks is

about 62 million Mg and the amount of cotton stalks is about
4.9 million Mg (FAO, 2020). Chopping machines need a
large source of power, whether from the tractors whose fuel
consumption is large, or an electric source, which is not
available in all farms until now. Younis et al. (2002)
constructed a chopping machine and utilized it to cut rice,
cotton, and maize stalk residue. They discovered that at rotor
speeds of 2200 and 1600 rpm, the highest required power
and consumed energy were 11.77 kW and 12.99 kW.h/Mg,
respectively. The increase in rotor speed from 1600 to 2000
rpm resulted in a 17.11% decrease in consumed energy;
however the increase in rotate speed from 2000 to 2200 rpm
resulted in a 12.9% increase in used energy. According to
El-Khateeb (2007), speed of the cutting head was generally
increased to increase useful power from 2.19 to 3.86 kW,
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with a reduction in required unit energy from 1.87 to 1.37
kW.h/Mg and a reduction in cost of chopping machine from
16.33 to 7.22 L.E/Mg at several knives of 2 and a moisture
level of 65% in the corn stalk. El-Khateeb et al. (2010)
reported that Egypt's crop residue quantity was estimated to
be 18.7-25 million Mg per year and if we try to recycle it,
our national income could rise by about 1.6 billion LE per
year. There are several benefits to supply food to animals in
the shape of straw that has been chopped into little pieces,
particularly when there is a lack of food. To increase straw's
nutritional value by chopping it up into small pieces so
digestive fluids may readily enter the examination of straw
and therefore enhance digestion. Hfatih et al. (2010)
improved and tested a rice straw chopping machine. They
discovered that increasing the linear speed of the cutting
drum from 56.6 nvs to 70.7 m/s improved cutting efficiency,
chopper productivity, and power consumption by 3.7, 2.8,
and 0.9%, 575, 559, and 41.7%, 36.8, 28.6, and 35.9%,
respectively, while decreasing consumption of energy by
32.7, 38.4, and 9% for concave holes diameters of 35 mm,
25 mm and 9 mm, respectively. Solomon-Tekeste (2012)
created a chopper with an engine to chop hay and crop
byproducts. The machine's main components included a feed
chopper, knives swinging in a revolving drum, a fixed-knife
case with welded-on handles, stands and a screen. The
machine test was carried out with the following three
different drum speeds: 960, 1200, and 1400 rpm, as well as
feed rates of 420, 540, and 660 kg/h. According to results,
the optimal drum speed and feed rate values for both maize
stalks were 1200 rpm and 540 kg/h, respectively. For maize
stalks, using these optimal combinations, the average size
reduction percentage was 92.0%. With an output rate of
420-660 kg/h and specific energy requirement of 11-20
ki/kg output, the machine performed admirably. EL-Attar
et al. (2013) mentioned that when the cutter head speed was
increased from 22.1 to 35.3 m/s and the number of knives
was increased from 2 to 8 tended to increase useful power
from 2.19 to 3.86 kW, 2.19 to 2.94 kW, and 5.81 to 2.19 kW
by increasing the moisture content of corn stalks from 35 to
65%, at 2 knives and a cutter head speed of 22.1 m/s. When
the cutter speed increased from 22.1 to 35.3 m/s and the corn
stalk moisture content increased from 35 to 65%, the unit
energy in kW.h/Mg decreased from 5.19 to 2.91 kW.h/Mg
and from 1.87 to 1.37 kW.h/Mg. Furthermore, by increasing
the number of knives from 2 to 8, at 65% moisture content
and 22.1 m/s cutter head speed, the unit energy increased
from 1.87 to 2.65 kW.h/Mg. When the cutter head speed was
increased from 22.1, 25.6, 29.2, and 35.3 m/s, at corn stalk
moisture content of 65% and number of knives 8, the total
chopping machine cost was found to be 16.33, 13.07, 9.63,
and 7.22 LE/Mg. Radwan et al. (2016) evaluated the
effectiveness of the cutting machine for cutting peanut,
sweet potato, and rice straw vines in order to make animal
feed from the finished product. Two feeding drums with
dimensions of 34 cm in length and a diameter of 7 cm were
included with the cutting machine. Four hex-head bolts were
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used to secure the sharp blade to the steel shear. To move the
materials for chopping in the direction of the outlet, the
inclination-cutting blades act as a centrifugal fan. EL-Attar
et al. (2013) said that, in general, increasing the cutter head
speed from 22.1 to 35.3 m/s tends to increase the percentage
of chopping length from 0.5 to 2.0 cm from 50 to 60%, the
destruction degree from 28.7 to 38.2%, and the machine
productivity from 1.32 to 2.81 Mg/h at 2 knives and a
moisture content of 65.0% of the corn stalk. Werby and
Mousa (2017) indicated that under the following ideal
conditions, the fixed thresher machine can be successfully
utilised for cutting and chopping onion leaves: For the two
tested moisture values of 17.6 and 11.5%, the drum speed
was 650 rpm, the feeding rate was 20 kg/min, and the
percentages of cutting length (less than 30 mm) were 42 and
23%, respectively. Mulatu (2021) designed, fabricated, and
evaluated the performance of the diesel-powered animal feed
chopping machine. The machine contains: a) the feed inlet,
where the feed is placed and prepared before being fed into
the machine. b) Blade holder: It was built of machined steel
that was 15 mm thick and 30 cm in diameter. ¢) Cutter
blades: They were two in number, positioned at 180°, with a
cutting depth of 3 cmand a cutting length of 10 cm, and they
were meant to cut the feed to the appropriate lengths with
acceptable regularity. d) Chopper House: The cutting
assembly was composed of 3 mm-thick steel measuring 14
cm wide, 40 cm high, and 36 cm long. It was fastened to the
frame stand assembly at four main points and supported the
shaft and bearing assemblies. e) Base and stand assembly:
This assembly was considered the machine's backbone
because it housed all of the machine's operating parts. f)
Power transmission: It was composed of a diesel engine, a
belt, a shaft, and a pulley. Thus, the objectives of this
research are to:

- Manufacture a local chopping machine for cutting some
crop residues such as, rice straw, corn and cotton stalks with
the desired cutting lengths for different uses.

- Determine the most appropriate operational factors
affecting chopping machine performance such as, knives
speed, feeding drums speed and moisture content of crop
residue.

MATERIAL AND METHODS

A chopping machine was manufactured and constructed in a
private workshop in Elbasayla village, Damietta city,
Damietta governorate through year 2021/ 2022 to develop,
construct and fabricate a chopping machine operated with
small gasoline engine. The field experiments were carried
out in Elharby street, Damietta city, Damietta governorate,
Egypt to evaluate the performance of the constructed
chopping machine for cutting rice straw, corn stalks and
cotton stalks, to use the final product in producing animal
feed and many industrial products.

2.1. MATERIALS:

2.1.1. The used crop residues:

In this study, three crop residues were used: (rice straw, corn
and cotton stalks) with different initial moisture contents.
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Some physical properties of the used residues were
illustrated in Table 1.

2.1.2. Manufactured chopping machine:

The chopping machine was manufactured and evaluated for
chopping rice straw, corn and cotton stalks.

Tablel: Some physical properties of the crop residues.

Corn
tem Rice straw stalks Cotton stalks
(Giza 101) (Giza (Giza 87)
155)
Stemdiameter,
mm 3 15 5
Stem length, mm 900 1750 1400
E/gl}ass of 10 stalk, 1.76 5,99 200
Number of
branches 0 3 7
Awerage Initial
moisture content, 20.13 30.87 25.2

%

The main parts of the manufactured chopping machine are
presented in Fig. (1) As following:

¢ Inlet opening: The inlet opening was made of iron sheet in
trapezoidal shape with 60 cm in length and inclination angle
of 12 degree at horizontal. The outer side of the inlet opening
was 43 cm in height and 9 cm in width, while the inner side
at the feeding drums was 24 cm in height and 17.5 cm in
width. It was made to hold and guide the stalks to feeding
drums.

¢ Feeding unit: The feeding unit includes two parts:

(@) Feeding drums: The chopping machine was provided
with two feeding drums (drive and driven) like a gear to feed
the crop residues towards the chopping mechanism. The
feeding drums with 6 long grooves were made from iron
with 8.1 cm in diameter and 23 cm in thickness. The drive
feeding drum was fixed on shaft with38 cmin length and 1.5
cmin diameter, and the driven one was fixed on shaft with
34 cm length and 15 cm in diameter also. The feeding
drums were powered from the drive gear (2) having
dimension of (12, 10 and 1 cm) for outer diameter, inner
diameter and thickness, respectively. The driven gear (4)
having dimension of (6, 4 and 1 cm) for outer diameter,
inner diameter and thickness, respectively as well as the
speed ratio of feeding mechanism to chopping knives of (1 :
9).

(b) Assistant shaft: A serrate shaft made of iron with 34 cm
in length and 1.5 cmin diameter was fixed above the driven
feeding shaft with 6 cm to guide the crop stalks into the
chopping mechanism easily.

¢ Chopping unit: The chopping unit was designed with the
following parts:

(@ Moving knives: Three moving knives were with
dimensions of (225, 7.5 and 1 cm) for length, width and
thickness, respectively. The moving knifes were fixed on
three drum bars using 4 Hex HD. Bolt for each knife. The
moving drum with dimensions of 19.5 and 8 cm for length,
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width, respectively was fixed on horizontal shaft made of
iron with 3 cm in diameter and 45 cm in length, according to
stress analysis on chopping shaft. The chopping shaft was
laid on two horizontal bearing with dimensions of 8, 3and 5
cm for outer diameter, inner diameter and thickness,
respectively. The moving knives were fixed at constant knife
angle of 10 degree to play as a centrifugal fan to throw out
the chopping materials towards the outlet opening, and also
reduce the power required of chopping operation.

(b) Fixed knife: A fixed knife with 31 cm in length, 3.5 cm
in width and 1 cm in thickness was mounted on a steel bar
using 2 Hex. HD. Bolts.

¢ Outlet opening: The outlet opening was made of steelsheet
having dimensions of 29, 27 and 21 cm for length, width and
height, respectively.

¢ Power source: The chopping machine was powered by a
gasoline engine 16 hp (11.77 kW) at a maximum rotated
speed of 2400 rpm.

¢ Machine frame: The machine frame was manufactured
from hollow steel bars 5x5 cm and steel sheets with 1 mm in
thickness. The overall frame dimensions were 121 cm in
length, 83 cm in height and 81 c¢cm in width and supplied
with 4 ground rubber wheels having 20 cm in diameter.

¢ Power transmission: The machine was powered by a
gasoline engine 16 hp (11.77 kW). The gasoline engine
transmitted its rotating motion to the moving knives shaft by
pulley (2) having dimension of 16, 12 and 3 c¢cm for outer
diameter, inner diameter and thickness and V-Belt (1) having
dimension of 62 and 1 cm for length and in thickness. The
rotating motion was transmitted frommoving knives shaft to
feeding drums by a middle shaft. The middle shaft was taken
its motion fromthe moving knives shaft by pulley (3) having
dimension of 28, 23 and 3 cm for outer diameter, inner
diameter and thickness and V-belt (2) having dimension of
49 and 1 cm for length and thickness, respectively. The
middle shaft was ended with a gear (1) having dimensions of
8 cm in outer diameter, 6 cm in inner diameter and 1 cm in
thickness, respectively. The gear (1) transmitted its rotated
motion to the gear (2) mounted on the feeding drum shaft.
The feeding drumshaft transmitted the rotating motion to the
driven feeding drum and the serrated assistant shaft by gear
(3) having dimensions of 7 cm in outer diameter, 5 cm in
inner diameter and 1 cm in thickness, respectively.

O Design of chopping shaft considerations:

The chopping shaft supported by two bearings. The first
bearing located beside the pulleys (2 and 4) on the chopping
shaft, and the second one locating at the end of the chopping
shaft. There are three main loads affecting the chopping
shaft, the first load (F1) was due to weight of chopping drum
with moving knives. The second load (F2) was transported
from the weight of pulley (2) and the tension force on tight
and slack side of its V-belt (1). The third load (F3) was
transported from the weight of pulley (4) and the tension
force on tight and slack side of its V-belt (2).
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Fig. (2): Stress analysis on chopping shaft.
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Fig. (1): Afront view, side view and top view of the chopping machine.

1
79 ®\
% 160
| 160
Ommy : 3
120 -—\*—\—@
0 | ) @/
Sz
| r
33
8l L 108 JJ
l 95 ‘ ‘ 120 |
Front view Side view
No. Part name No. off
1 Pulley (1) 1
2 Pulley (2) 1
3 Pulley (3)
4 Feeding drums 1
5 Gear (3) 1
6 Gear (4) 1
7 Gear (2) 1
8 Gear (1) 1
9 Moving drum 1
10 Moving knife 3
11 Knife shaft 1
12 Fixed knife 1
a ‘ 13 V-Belt (1) 1
! 14 V-Belt (2) 1
L 15 J 15 Bearing 2
16 Frame 1
L Al - 17 Gasoline motor 1
18 Ground wheel 4

Top view _ ] ]
All Dimensions in, cm

70




DJAS., Vol. (2) (I1): (66-76) (2023)

These three loads are in to different planes and directions, as
shown in Fig. (2). the chopping shaft under these loads is
subjected to combine torsion and bending stresses. The
diameter of the chopping shaft can be calculated according
to the maximum shear theory, (Khurmi and Gupta, 2007)
as following:

Toax = ENSQ +4t7

: (1)

16 - -
zmaxzﬁ\f}cm.m + K. T2, ks.cm (2)

Where: tmax = Maximum shear stress =400 kg/cm2

T = Shear stress, kg/cm2

Mb = Maximum bending moment, kg.

d = Bending stress, kg/cm2

d = Diameter of shelling shaft, cm

T = Maximum torque, kg.cm

Kt = Shock factor for torsion, Kt = 2

Km = Shock factor for bending, Km = 2

The maximum bending moment and twisting torque on the
chopping shaft equal 406 and 956 kg/cm2, respectively as
shown in Fig. (2). Then the maximum shear theory is applied
as follows:

~400=

3_14dﬂ/2.(_4of})2 + 2.(956)2 (3)

16
~400= 31442 X 1468.86

~a3=18.71..d=2.65cm=26.5mm (d was taken 30mm)(4)

2.2. METHODS:

2.2.1. Preliminary experiments:

The preliminary experiments were carried out to evaluate the
performance of the manufactured machine to be suitable for
chopping crop residues. Some modifications were conducted
in chopping units to obtain the desirable cutting length as
following:

- The chopping moving knives were fixed on the chopping
shaft at inclination angle of 10° to obtain high machine
performance.

- The clearance between the rotating knives and fixed knife
was adjusted at 2 mm to obtain high cutting and chopping
efficiency.

2.2.2. Experimental conditions:

The main experiments were carried out to evaluate the
performance of the chopping machine. The performance of
the chopping machine was experimentally measured under
the following parameters:
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- Three different crop residues of (rice straw, corn and cotton
stalks).

- Three different moisture contents (wet base) for each crop
residues of (20.13, 13.55, 6.76%), (30.87, 11.33, 8.22%) and
(25.2, 10.63, 8.04%) for rice straw, corn and cotton stalks,
respectively.

- Four different chopping knife speeds of (1200, 1500, 1900,
2200 rpm), corresponding to (56.55, 70.69, 89.54, 10.37nVs),
respectively and therefore be feeding drums speeds of (133,
170, 208, 240 rpm), corresponding to (6.27, 8.01, 9.8, 11.31
m/s), respectively.

2.2.3. Measurements and determinations:

The performance evaluation of the manufactured chopping
machine for chopping rice straw, corn and cotton stalks were
based on the following equations:

m Machine productivity: The machine productivity was
calculated from the following equation:

MP=W/T......... (5)

Where: MP: Machine productivity, Mg/h.

W: Mass of chopped residues, Mg.

T: Machine operating time, h.

m Chopping efficiency: The cutting length of final product is
an important parameter to evaluate the performance of
cutting process. The chopping efficiency was estimated by
using the following equation:

Tch=(Hp-Ha)/Hb x100............... (6)
Where:

Tch: Chopping efficiency, (%).

Ho: Mean plant height before cutting, (mm).

Ha: Mean stubble height after cutting, (mm).

m Fineness degree (particle size distribution): A randomized
sample after chopping process for each treatment was
classified into three main categories according to chopping
lengths:

- The first one is: Fine Chopping, FC (< 10 mm).

- The second is: Medium Chopping, MC (10-20 mm).

- The third is: Coarse Chopping, CC (> 20 mm).

m Power requirements: To estimate the required engine
power during chopping operation, the decrease in benzene
fuel level in the fuel tank immediately after each treatment of
chopping process was accurately measured.

The power required was calculated using the following
formula:

EP=[F.C(1/3600)pxL.C.Vx427xTthpxT|mx1/ 75x1/1.36]...(7)
Where: EP: Engine power, KW.

F.C: Fuel consumption rate, I/h.

p: Density of fuel, kg/l, (for Otto engine = 0.72).

L.C.V: Lower calorific value of fuel, k.cal/kg, for benzene =
11.000 k.cal/kg.

ntho: Thermal efficiency of the engine, assumed 25 % for
Otto engine.

nm: Mechanical efficiency of the engine, assumed 75 % for
Otto engine.

427:Thermo-mechanical equivalent, kg.mv/k.cal.

So, the engine power can be calculated as following:
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Engine Power =1.96 F.C, kW

m Specific energy: Specific energy was estimated using the
following formula:

SE=EP/MP, kW.h/Mg ............ (8)

m Operational cost: The operational cost for the chopping
operation was calculated according to the following formula:
)

Where: Cop: Operational cost, L.E/ Mg.

C: Machine hourly cost, L.E/h.

The hourly cost of chopping machine was determined using
the following formula:

C=p/h (Va+ i/2+t+r)+(1.2 W.SF)+m/192............... (10)
Where: C: Cost per hour of operation, L.E/h

P: Estimated price of the machine, L.E.

h: Yearly working hours, h/year.

a: Life expectancy of the machine, years.

i Annual interest rate, rate/year.

t: Annual taxes and overheads ratio, %.

W: Engine power, kW.

r: Annual repair and maintenance rate, %.

F: Fuel price, LE/I

S: Specific fuel consumption, I/kW.h.

m: Labor monthly salary, L.E.

1.2: Factor accounting for ratio of rated power.

192: Reasonable estimation of monthly working hours.

RESULTS AND DISCUSSION

The obtained results will be discussed under the following
items:

Influence of chopping knives speed on machine
productivity at three different moisture contents for
different crop residues.

The effect of knives speed on machine productivity is given in
Fig. (3). concerningto rice straw, the obtained results show that
increasing knives speed from 1200 t01900 rpm measured at
different moisture contents of 20.13, 1355 and 6.76%
increased machine productivity from 0.15 to 0.28, from 0.211
to 0.35 and from 0.309 to 0.437 Mg/h, respectively. Any
further increase in knives speed more than 1900 up to 2200
rpm measured at the same previous moisture contents
decreased machine productivity from 0.28 to 0.267, from 0.35
to 0.3 and from 0.437 to 0.4 Mg/h. Respecting to corn stalks,
the obtained results show that increasing knives speed from
1200 to 1900 rpm measured at different moisture contents of
30.87, 11.33 and 8.22% increased machine productivity from
0.139 to 0.270, from 0.190 to 0.31 and from 0.26 to 0.42
Mag/h, respectively. The further increase in knives speed more
than 1900 up to 2200 rpm measured at the same previous
moisture contents, decreased machine productivity from 0.42
to0.4, from 0.33 to 0.304 and from 0.27 to 0.259 Mg/h.
Relating to cotton stalks, the obtained results show that
increasing knives speed from 1200 to 1900 rpm measured at
different moisture contents of 25.2, 10.63 and 8.04% increased
machine productivity from 0.123 to 0.28, from 0.182 to 0.341
and from 0.101 to 0.193 Mg/h, respectively. The further
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increase in knives speed more than 1900 up to 2200 rpm
measured at the same previous moisture contents, decreased
machine productivity from 0.28 to 0.269, from 0.341 to 0.321
and from 0.193 to 0.180 Mg/h.

Cotton stalks Corn stalks Rice straw

s
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é 04
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jop————
3o
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i

0015 N‘//‘\li
H —

3o
005

i

1200 1500 1500

Krives speed, (rpm)

20 120 1500 1900

Knives speed, {rpm)

20 1200 1500 1500

Knives speed, (rpm)

20

Fig. (3): Effect of chopping knives speed on machine
productivity at three different moisture contents for
different crop residues.

These results agree with Radwan et al. (2016), increasing drum
speed increased machine productivity from 1150 to 1520 rpm;
any further increase in drum speed up to 1628 rpm machine
productivity decreased.

Influence of chopping knives speed on chopping efficiency at
three different moisture contents for different crop residues.

The effect of knives speed on machine efficiency is given in Fig.
(4). Related to rice straw, the results showthat increasing knives
speed from 1200 to 2200 rpm measured at different moisture
contents of 20.13, 13.55 and 6.76% increased machine efficiency
from 40 to 82, from 50.6 to 87 and from 60 to 94%, respectively.
Concerning to corn stalks, the obtained results show that
increasing knives speed from 1200 to 2200 rpm measured at
different moisture contents of 30.87, 11.33 and 8.22% increased
machine efficiency from 50 to 80, from 60 to 85 and from 70 to
96%, respectively. With respect to cotton stalks, the obtained
results showthatincreasing knives speed from 1200 to 2200 rpm
measured at different moisture contents of 25.2, 10.63 and 8.04%
increased machine efficiency from 52 to 80, from 60 to91 and
from 66 to 95%, respectively.

Cotton stalks Corn stalks Rice straw

—_—

1200
Knives speed, (rpm)
Fig. (4): FEffect of chopping knives speed on chopping
efficiency at three different moisture contents for different
crop residues.
These results are consistent with the findings of H Ashry et al.
(2004), who stated that chopping efficiency increased as the knife
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rotation speed increased, while the chopping efficiency decreased
with increased average moisture content of straw. The cutting
efficiency increased with decreased moisture content and
increased cutting drumspeed.

Influence of chopping knives speed on fineness degree at
three different moisture contents for different crop residues.

Rice straw

1200

1500 1900 2200
Knives speed, (rpm)

"

Fine degree percentage, %
cb5B88883888

The effect of knives speed on fineness degree is given in Fig.
(5). Concerning to rice straw, the obtained results show that
increasing knives speed from 1200 to 2200 rpm measured at
different moisture contents of 20.13, 1355 and 6.76%
increased fine degree percentage from 42 to 62, from 55 to 59
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Respecting to corn stalks, the obtained results show that Knives speed, (rpm)
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Fig. (5): Effect of chopping knives speed on fineness degree
at different moisture contents.

These results agree with E-Sharabasy and Badr (2014),
increasing drum speed from 1000 to 1400 rpm measured at
different feed rates of about 500, 600, 700 and 800 kg/h,
increased fine milled percentage, also increased medium
milled percentage, while decreased coarse milled percentage.
The fineness degree increased by increasing drum speed due
to the increase in chopping forces and friction of the rice
straw, corn stalks and cotton stalks on the cutter-head.

Influence of chopping knives speed on specific energy at
three different moisture contents for different crop
residues.

The effect of knives speed on specific energy is given in Fig
(6). Relating to rice straw, the obtained results show that
increasing knives speed from 1200 to 1900 rpm measured at
different moisture contents of 20.13, 1355 and 6.76%
decreased specific energy from 9.03 to 4.9, from 7.98 to 4.52
and from 6.34 to3.46 kW.h/Mg, respectively. Any further
increase in knives speed more than 1900 up to 2200 rpm
measured at the same moisture contents increased specific
energy from 4.9 to 5.42, from 452 to 4.87 and from 3.46
t03.91kwW.h/Mg. Concerning to corn stalks, the obtained
results show that increasing knives speed from 1200 to 1900
rpm measured at different moisture contents of 30.87, 11.33
and 8.22% decreased specific energy from 12 to 7.65, from 11
to 7 and from 10 t05.29kW.h/Mg, respectively. The further
increase in knives speed more than 1900 up to 2200 rpm

measured at the same moisture contents increased specific
energy from 7.65 to 7.81, from 7 to 7.35 and from 5.29 to
5.53kW.h/Mg. In relation to cotton stalks, the obtained results
show that increasing knives speed from1200 to 1900 rpm
measured at different moisture contents of 25.2, 10.63 and
8.04% decreased specific energy from 7.05 to 3.78, from 5.08
to 224 and from 10.33 to5.3 kW.h/Mg, respectively. The
further increase in knives speed more than 1900 up to 2200
rpm measured at the same previous moisture contents
increased specific energy from 3.78 to 4, from 2.24 to 2.36
and from 5.3 t05.69 kW.h/Mg.
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Fig. (6): Effect of chopping knives speed on specific energy
at three different moisture contents for different crop
residues.

The data are consistent with B Shal and EH Didamony
(2018) who stated that increasing chopping speed from 1650
to 2150 rpm, the specific energy requirement decreased.
Increasing the chopping speed from 2150 to 2400 rpm caused
an increase in the specific energy requirement at moisture
contents of 60, 70 and 77 %, respectively.

Influence of chopping knives speed on operational cost at
three different moisture contents for different crop
residues.

The effect of knives speed on operational cost measured is
given in Fig. (7). As regard to rice straw, the results show that
increasing knives speed from 1200 to 1900 rpm measured at
different moisture contents of 20.13, 1355 and 6.76%
decreased operational cost from 386.67 to 207.14, from
27619 to 16571 and from 187.7 to 13272 L.E/Mg,
respectively. Any further increase in knives speed more than
1900 up to 2200 rpm measured at the same previous moisture
contents increased operational cost from 207.14 to 217.23,
from 165.71 to 193.33 and from 132.72 to 145 LE/Mg. In
connection with corn stalks, the obtained results show that
increasing knives speed from 1200 to 1900 rpm measured at
different moisture contents of 30.87, 11.33 and 8.22%
decreased operational cost from 417.27 to 214.81, from
30526 to 1871 and from 2231 to 1381 LE/Mg,
respectively. Any further increase in knives speed more than
1900 up to 2200 rpm measured at the same moisture contents
increased operational cost from 214.81 to 223.94, from 187.1
to 190.79 and from 138.1 to 145 L.E/Mg. With respect to
cotton stalks, obtained results show that increasing knives
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speed from 1200 to 1900 rpm measured at different moisture
contents of 25.2, 10.63 and 8.04% decreased operational cost
from 47154 to 207.14, from 318.68 to 170.09 and from
574.25 to 300.52 L.E/Mg, respectively. Any further increase
in knives speed more than 1900 up to 2200 rpm measured at
the same moisture contents increased operational cost from
207.14 to 215.61, from 170.09 to 181.25 and from 300.52 to
322.22 L.E/Mg.

These results agree with Radwan et al. (2016) who stated that
both higher and lower values of cutting drum speed more or
less than the optimum value tend to increase operational cost
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Fig. (7): Effect of chopping knives speed on operational
cost at three different moisture contents for different crop
residues.

due to the decrease in machine productivity concerning the
optimum value.

CONCLUSION

This study recommends using a locally manufactured
machine to chop these crops and get the highest productivity
and efficiency with the least energy consumed with the
lowest operating costs. The obtained results reveal that the
highest values of machine productivity were 0.436, 0.42 and
0.341 Mg/h, the highest values of fineness degree were 82,
78 and 41%, the highest values of machine efficiency were
94, 96 and 95%, the lowest values of specific energy were
346, 529, 224 kW.h/Mg and the lowest values of
operational cost were 132.72, 138.1 and 170.1 L.E/Mg for
rice straw, corn stalks and cotton stalks, respectively under
the following conditions: chopping knives speed of 1900
rpm corresponding to 89.54 nvs, therefore be feeding drums
speed 208 rpm corresponding to 9.8 m/s with moisture
contents 6.76, 8.22 and 10.63% for rice straw, corn stalks
and cotton stalks, respectively, constant knife angle of 10
degree and constant clearance between fixed and moving
knives of 2 mm.
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