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MANUFACTURE AND PERFORMANCE EVALUATION OF 

A CIRCULAR SAW MOWER FOR CUTTING  

SOME CROP RESIDUES 
 Moheb M. A. El-Sharabasy*  

ABSTRACT  

The object of the present study was to manufacture and evaluate a small self 

propelled machine for cutting some crop residues grown during Egyptian 

summer season. It consists of twin saw circular discs and transmission system to 

transmit the rotating motion from the machine engine to the saw circular discs. 

This machine was constructed and evaluated to find out the optimum operating 

parameters for cutting cotton, maize and sunflower residues at four saw disc 

rotating speeds of 1500 (19.50), 1800 (23.40), 2100 (27.30) and 2500 (32.50), 

rpm (m/s); four machine forward speeds of 0.8, 1.0, 1.2 and 1.5 km/h and four 

average stalks moisture contents of 18.45, 25.15, 31.20 and 42.10 %; 29.32, 

37.66, 41.26 and 53.41 % and 17.88, 23.27, 29.35 and 40.63 % for cotton maize 

and sunflower stalks, respectively. The obtained results revealed that: Field 

capacity and cutting height increased as the kinematic parameter decreased. 

Field efficiency and cutting efficiency increased as the kinematic parameter 

increased. Required power and consumed energy decreased as the kinematic 

parameter decreased. Kinematic parameter of 81.98 recorded minimum 

criterion cost. Stalks moisture contents of 31.20, 41.26 and 29.35 % considered 

the suitable values for cutting cotton, maize and sunflower residues, respectively. 

1. INTRODUCTION 

otton, maize and sunflower are the most important crops planted across 

all Egyptian summer fields. The cutting of stalks is an important process 

after harvesting period to clear the fields to be prepared for the next 

winter crops. The sickle, scythe, knife and hoe which were old traditional tools 

have been replaced by stalk cutting machines. These are the reciprocating types 

and the rotary impact types. The latter is being increasingly used in these 

operations due to its simplicity in construction, low maintenance cost and ability 

to cut both small and large diameter stalks (McRandal and McNulty, 1978).  

Awady et al. (1986) investigated the performance of rotary harvester in cutting 

cotton stalks by changing the forward speeds and the cutter cover. The rotary 

harvester was tested with a cutting saw have 25 cm diameter, from 600 to 1500 

rpm and 60 teeth. 
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The height of stubbles and the number of remaining uncut stalks were registered 

for the evaluation. They found that the low speed of 0.75 km/h gave clean cut 

with high cutting efficiency of 93.3 %. A high speed of 1.35 km/h gave a 

ruptured cut with low cutting efficiency of 83.3 %. Also, the forward speed of 

1.15 km/h gave the optimum rate of performance and field efficiency. Sahar 

(1988) mentioned that the use of big machinery for cutting crop residues is 

inappropriate for the following reasons: a) It needs high technical experience for 

operation and maintenance. b) High capital requirements. And c) Low field 

efficiency in small holdings and losses of straw are high on irregularly furrowed 

soils. Imbabi (1992) designed and developed a rotary harvester to be suitable for 

the reaping of sesame in the Egyptian farms circumstances. The designed and 

manufactured harvester was tested and evaluated with taking into consideration 

the followings: single and double cutter discs having 9, 12 and 16 inch diameter, 

different forward speeds and different rotary speeds. The results could be 

summarized as: height of plant stubble after cutting ranged from 9.0 to 11.9 cm, 

field capacity ranged from 0.10 to 0.20 fed/h, field efficiency ranged from 70 to 

90 %, the energy requirements ranged from 100 to 400 kW.h/fed and the cost 

ranged from 15.81 to 59.58 LE/fed. Morad (1995) stated that the proper 

adjustment of kinematic parameter for the rotary mower during the mowing 

operation is of great importance to increase crop yield and decrease cost 

requirements. Decreasing the rotary mower kinematic parameter lead to increase 

field capacity and cutting height, while decreased field efficiency, cutting 

efficiency, fuel consumption and energy requirements. Rotary mower kinematic 

parameter value of 25 minimized the mowing cost. Imbabi (1997) tested three 

shapes of cutter blades namely: cutter discs, circular saw and cutter blade in 

cutting maize stalks. He found that using circular saw is preferable at forward 

speed of 0.83 km/h and rotary speed of 1200 rpm (kinematic parameter of 83.22) 

which gave the highest cutting efficiency of 97.4 %, actual field capacity of 

about 0.1 fed/h, useful time efficiency of 78.11 %, energy required of 104.10 

kW.h/fed and lowest cutting cost of 11.50 L.E/fed. Chattopadhyay and 

Pandey (2001) reported that the energy required for the cutting unit of stalk 

cutter may be categorized as: friction in the moving parts of the machine and air 

friction; kinetic energy required to accelerate the chopped material; energy 

required to overcome friction of the chopped material against the stationary parts 

of the machine; and energy required to cut the stalk. Lungkapin et al. (2007) 

indicated that the highest cutting quality of cassava cutting unit at more than 60 
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number of circular saw teeth when operated at faster than 1200 rpm cutting shaft 

speed and slower than 50 rpm cam shaft speed. Cutting capacity depended on 

cam shaft speed. At 50 rpm cam shaft speed, minimum cutting capacity was 

found to be 5034 stakes per hour (40272 stakes per day of 8 h) with 83.91% 

cutting efficiency. Hoseinzadeh et al. (2009) showed that the effects of wheat 

variety, knife bevel angle, moisture content and shearing speed on shearing 

energy were significant (P<0.01). Shearing energy decreased with decreasing 

moisture content and bevel angle and with increasing shearing speed. Maximum 

shearing energy was obtained with Kohdasht variety at 0.86 MJ mm-2. Tavakoli 

et al. (2009) found that an increase in moisture content of straw lead to a 

decrease in the bending strength and Young's modulus and an increase in the 

shear strength and specific shearing energy in weight straw. The aim of this 

work is to construct and evaluate a self-propelled machine for cutting cotton, 

maize and sunflower stalks in terms of cutting efficiency, field capacity and 

efficiency, energy and cost requirements as a function of change in saw disc 

speed, machine forward speed and stalks moisture contents. 

2. MATERIALS AND METHOD 

Field experiments were carried out at private farm in Damietta governorate 

during the summer season of 2010 to construct and evaluate the performance of 

a self-propelled cutting machine with twin rotating saw discs in the same 

direction.  

2.1. MATERIALS:   

2.1.1. Crop residues:  

The crop residues used through the tests were cotton, maize and sunflower stalks 

having different characteristics, shown in Table 1.  

Table 1. Characteristics of crop residues.  

Crop characteristics 
Crop residues 

Unit 
Cotton Maize Sunflower 

Crop variety Giza-86 Giza-122 Giza-102 ---- 

Av. Stalks length 104.85 180.28 192.45 mm 

Av. Stalks diameter 11.5 25.1 26.8 mm 

Av. Stalks population 11.6 8.3  7.6 Stalks/m2 

2.1.2. Cutting machine:  

A self propelled cutting machine was constructed and evaluated to overcome the 

problems appearing at using the traditional method for pulling or cutting cotton, 

maize and sunflower stalks manually with hand tools, which consumed more 
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time, effort and cost. Also, the use of tractor with ordinary attached cutter bars or 

rotating discs machines could be compact the soil layers due to its heavy weight. 

To overcome these problems, a small self propelled machine was manufactured 

and evaluated to give the best cutting efficiency, adequate field capacity and 

efficiency, save energy consumed and total cost requirements, and also reduce 

soil compaction to the minimum values. The overall specifications and top view 

of the constructed cutting machine were given in Table 2, Fig.1. and Photo 1. 

Table 2. Overall specifications of the constructed saw cutting machine. 

 Machine: 

Model 

Gear box (Fast-Slow) 

Power  

Rated speed 

Fuel 

Working width 

Overall length 

Overall width 

Overall height 

 

Stiga Villa (Sweden made) 

 (5 forward & 1 reverse) speeds  

12.5 hp (9.38 kW) 

3200 rpm 

Benzene 

120 cm 

260 cm 

100 cm 

120 cm 

 Cutting device: 

Saw disc (Same direction) 

Swath bar 
Gear box 

Pulleys (one double and two single) 

V-belt 

 

2 

2 

2 

3 

2 

The cutting device of the constructed machine consists of the followings:  

a- Saw discs: The cutting machine have two serrated metal saw discs, each disc 

have diameter of 250 mm, thickness of 1.2 mm and 40 teeth number. The two 

discs rotate in the same direction through a gear box and two pulleys having 

diameter of 100 mm and two other pulleys having diameter of 50 mm with 

connecting two V belts shown in Fig.1. and Photo 2.  

b- Dividers: The developed cutting machine has two dividing units, each two 

dividers were fixed with the main frame. These dividers have a triangular shape 

and tapered front section to collect, catch and guide the stalks toward the saw 

circular disc. The machine includes two such units which has the following 

geometric dimensions, shown in Fig.1. and Photo 2. 

- Length: is the horizontal length between the front and the rear ends, 640 mm.   

- Height: is the vertical length between the two divider edges, 100 mm. The rear 

side of the divider connected to the main frame.    
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Fig.1. Elevation and plan of the developed saw disc-cutting machine. 

- Forward peach: is the forward distance between the center line axis of two 

dividers in the same unit, 234 mm, and 600 mm between the center line axes 

of the two units. 
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Photo 1. The constructed cutting machine. 

 

 

 
 

 

Photo 2. The constructed cutting device. 

c- Swath bar: Two swath bars were fixed above the cutting unit to transport the 

cutting stalks at the right side of the machine. The swath bars made from steel, 

each one has dimensions of 5 mm in diameter and 1150 mm in length. The 

vertical distance between the two swath bars is 200 mm, while the horizontal 

distance is 100 mm and the inclination angle of the rear end to the front is 21° to 

keep the cutting stalks moving to the right side of the machine in a vertical 

position and also keep the stalks away from the operator. Fig.1 and Photo 1. 

d- Transmission system: The power is transmitted from the machine engine to 

the saw rotating discs as shown in Fig. 2. 

Double way pulley 

V-Belt 

Saw 
disc  

 

Gear 
box  
 

Power 
shaft  

Frame 

Divider 

Bearing 
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- 3000 rpm at engine pulley which has diameter of 112 mm can be transmitted 

to gear box (B) pulley having diameter of 150 mm using V-belt between the 

two pulleys to be equal 2100 rpm, with reduction ratio of 1: 1.43. 

- 2100 rpm at gear box (B) pulley transported to the power shaft through a 

universal joint having length of 980 mm. 

- The power shaft transport its motion to the cutting saw discs through a small 

gear box (A) with constant ratio of 1: 1.     
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Fig. 2. Power transmission from machine engine to saw the discs. 

2.2. METHOD: 

The present study was conducted to investigate the optimum relation between 

speed of circular saw and machine forward speed (kinematic parameter) and 

their affect on maximum cutting efficiency, energy consumed and cutting cost 

for different crop stalks. The tungsten carbide tipped circular saw available in 

local market with (60 numbers of teeth and diameter of 250 mm) was used in 

laboratory and field tests. The total experimental area was about 5.5 feddans 

divided into three sub blots of 1.75 feddans for cotton, maize and sunflower 

residues. The constructed cutting machine was operated at each crop after 

harvesting period and the stalks were ready to remove. The cutting machine was 

evaluated taking into consideration the following parameters: 

- Types of crop residues: cotton, maize and sunflower stalks. 

- Saw disc rotating speeds: 1500 (19.50), 1800 (23.40), 2100 (27.30) and 2500 

(32.50) (m/s) rpm.  

- Machine forward speeds: 0.8, 1.0, 1.2 and 1.5 km/h.  

- Stalks moisture contents: cotton (18.45, 25.15, 31.20, and 42.10 %), maize 

(29.32, 37.66, 41.26 and 53.41 %) and sunflower (17.88, 23.27, 29.35 and 

40.63 %) in average. 
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The moisture contents of stalks were measured according to ASAE Standard 

S.352 (ASAE, 1979) in laboratory of faculty of agriculture, Zagazig University. 

The sample of stalks (from one third at the bottom part) was kept in an oven for 

24 hours at 105 °C. The loss in weight of the sample was recorded and the 

moisture content in percent was determined as in equation (1). 

M.Cwb = (Wi × Wd / Wi) ×100                                     (1) 

Where: M.Cwb = moisture content, (%).  

Wi = Initial weight of sample, (kg).        Wd = dried weight of sample, (kg). 

2.3. MEASUREMENTS: 

2.3.1. Cutting efficiency: was calculated using the following formula: 

100
A

BA
EC 


                                               (2) 

Where: EC = Cutting efficiency, (%). 

A = Height of plant stalks above the soil before cutting, cm. 

B = Height of plant stalks above the soil after cutting, cm. 

2.3.2. Actual field capacity: was the actual average time consumed during 

digging operation (lost time + productive time). It can be determined from the 

following equation: 

fed/h,
TiTu

60
F.Cact


                                        (3) 

Where: F.Cact = Actual field capacity of the cutting machine.  

Tu  = Utilization time per feddan in minutes. 

Ti  = Summation of lost time per feddan in minutes.  

- Field efficiency: was calculated by using the values of the theoretical field 

capacity and effective field capacity rates as: 

%,100
F.C

F.C
η

th

act
f                                         (4) 

Where: ηf  = Field efficiency, %.  

2.3.3. Energy consumed: To estimate the engine power during cutting process, 

the decrease in gasoline fuel level in fuel tank accurately measuring immediately 

after each treatment. The following formula was used to estimate the engine 

power (Hunt, 1983): 

   kW,1/1.36)(1/75)(ηη427L.C.Vρf1/3600CF.EP mthb  (5) 

Where: F.C = Fuel consumption, (l/h). 

f = Density of fuel, (kg/l ), (for gasoline = 0.72). 

L.C.V = Calorific value of fuel, (11.000 k.cal/kg). 
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thb = Thermal efficiency of the engine, (for Otto engine, 25%,). 

427 = Thermo-mechanical equivalent, (kg.m/k.cal). 

m  = Mechanical efficiency of the engine, (for Otto engine, 85%). 

The energy can be calculated as following: 

  kW.h/fed,
(fed/h)capacity,fieldActual

(kW)power,Engine
consumedEnergy            (6) 

2.3.4. Cutting cost: The operating cost of spreading operation was estimated 

using the following equation (Awady et al. 1982): 

L.E/fed,
(fed/h)capacityfieldActual

(L.E/h)costMachine
costOperating              (7) 

Machine cost was determined by using the following equation (Awady, 1978): 

 
144

m
W.S.F2.1rt

2

i

a

1

h

P
C 








                            (8) 

Where: 

C = Hourly cost, L.E/h.                                   P = Price of machine, L.E. 

h = Yearly working hours, h/year.                    A = Life expectancy of the machine, y. 

i = Interest rate/year.                                       1.2 = Factor accounting for lubrications.  

t = Taxes, over heads ratio.                             W = Engine power, hp.      

r = Repairs and maintenance ratio. F = Fuel price, L.E/l. 

m = Monthly average wage, L.E S = Specific fuel consumption, l/hp. h. 

144 = Reasonable estimation of monthly working hours. 

The criterion cost was determined using the following equation (Awady et al. 

1982): 

Criterion cost = (operating cost + product losses cost),   L.E/fed         (9) 

Product losses cost = (stalk yield/fed)(100-ηcut)(stalk price/kg),  L.E/fed   (10) 

3. RESULTS AND DISCUSSION 

From the pre experimental tests, it could be noticed that the circular saw could 

be rotated at maximum speed of 3000 rpm at different machine forward speeds, 

which represents different kinematic parameters as shown in Table 3. It was 

observed that the kinematic parameter around 80 is the suitable one, which gave 

a clean cutting shape and adequate cutting efficiencies in different crop stalks. So 

that, the constructed cutting machine was operated under constant saw rotating 

speed of 2100 rpm (27.30 m/s) and different forward speeds to investigate the 

effect of saw rotating speed, machine forward speed (kinematic parameter) and 

type of crop residues and their moisture contents on machine performance. 
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Table 3. Kinematic parameters at different saw rotating speeds and 

different machine forward speeds.  

Machine forward speed 

Saw disc rotating speed, (rpm) 

1500 1800 2100 2500 

Saw disc linear speed, (m/s) 

(km/h) (m/s) 19.50 23.40 27.30 32.50 

0.8 0.222 87.84 105.41 122.97 146.40 

1.0 0.278 70.14 84.17 98.20 116.91 

1.2 0.333 58.56 70.27 81.98 97.60 

1.5 0.417 46.76 56.12 65.47 77.94 

3.1. Cutting height and cutting efficiency: 

3.1.1. Effect of kinematic parameter on cutting height and cutting efficiency: 

Fig.3. presents the relationship between kinematic parameter and both cutting 

height and cutting efficiency at different crop stalks and different moisture 

contents. Results show that the cutting efficiencies decreased with decrease in 

kinematic parameter and their maximum values of 97.15, 96.55 and 98.05 % 

corresponding to high kinematic parameter of 122.27 with cutting heights of 

2.99, 6.22 and 3.75 cm at different stalks moisture contents of 31.20, 41.26 and 

29.35 % for cotton, maize and sunflower, respectively. While the minimum 

values of the cutting efficiencies were 80.00, 85.10 and 81.42 % with cutting 

heights of 20.97, 26.86 and 35.76 cm at low kinematic parameter of 63.93 at 

different stalks moisture contents of 42.10, 53.41 and 40.63 % for cotton, maize 

and sunflower, respectively. The decrease in cutting efficiency at low kinematic 

parameter can be explained by the fact that at higher forward speed the impact 

force was small to sufficiently cut the stalks. 

3.1.2. Effect of stalks moisture content on cutting height and efficiency: 

Fig.3. shows the effect of stalks moisture content on cutting efficiency. The 

optimum values of moisture contents, which gave maximum cutting efficiencies 

of 97.15, 96.55 and 98.05 % (cutting heights of 2.99, 6.22 and 3.75 cm) were 

31.20, 41.26 and 29.35 % for cotton, maize and sunflower, respectively. Any 

further decrease less to or increase more than these values, the cutting efficiency 

decreased to 90.65, 92.65 and 91.80 % ; 88.25, 91.00 and 89.85 % since the 

cutting height increased to 9.80, 13.25 and 15.78 cm; 12.32, 16.23 and 19.53 cm 

for cotton, maize and sunflower, respectively. Decreasing stalks moisture 

content under the optimum values lead to decrease cutting efficiency due to 

uneven conditions to operate the machine since the stalks are too dry. 
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Also, increasing stalks moisture content above optimum values leads to decrease 

cutting efficiency due to more elastic conditions for stalks resulting in more 

bending and un-cutting stalks.        

3.1.3. Effect of crop type on cutting efficiency: 

Relating to the effect of crop type on cutting efficiency, Fig.3. illustrated that the 

sunflower stalks recorded the maximum cutting efficiency of 98.05 %, followed 

by cotton stalks of 97.15 % followed by maize stalks of 96.55 % under constant 

kinematic parameter of 122.97 and stalks moisture contents of 29.35, 31.20, 

41.26 and % for sunflower, cotton and maize, respectively. The deference values 

between these cutting efficiencies were too small since the saw cutting disc clear 

the area smoothly and the differences may be attributed to the construction of 

sunflower stalks, which were very easy to cut, compared with cotton stalks 

followed by maize stalks.    

3.2. Field capacity and field efficiency: 

3.2.1. Effect of kinematic parameter on field capacity and field efficiency: 

Fig.4. show that the field capacity and field efficiency are highly affected by the 

change in kinematic parameter values. Decreasing the saw mower kinematic 

parameter from 122.97 to 65.47 increased the field capacity from 0.206 to 0.304, 

from 0.217 to 0.326 and from 0.224 to 0.336 fed/h, while the field efficiency 

decreased from 89.66 to 70.62, from 94.44 to 75.90 and from 97.22 to 78.22 % 

at lower stalk moisture contents of 31.20, 41.26 and 29.35 % for cotton, maize 

and sunflower, respectively. The increase in field capacities and reduction in 

field efficiencies by decreasing the kinematic parameter are due to the less 

theoretical time consumed in comparison with the other items of time loss.  

3.2.2. Effect of stalks moisture content on field capacity and field efficiency:  

Fig.4. shows that generally, increasing stalks moisture content led to decrease 

both field capacity and field efficiency at different machine forward speeds. 

Increasing stalks moisture contents from 18.45 to 42.10 %; from 29.32 to 53.41 

% and from 17.88 to 40.63 %, led to decrease the field capacities and field 

efficiencies from 0.277 to 0.247, from 0.283 to 0.249 and from 0.298 to 0.266 

fed/h; from 81.61 to 72.60, from 83.33 to 73.20 and from 87.65 to 78.22 % at 

constant machine forward speed of 1.2 km/h, for cotton, maize and sunflower, 

respectively. The decrease in both field capacities and field efficiencies by 

increasing stalks moisture content may be attributed to more elastic conditions 

for the stalks resulting in more resistance for cutting action. 

 



FARM MACHINERY AND POWER 

 

Misr J. Ag. Eng., January 2013 - 91 - 

0
.1

5

0
.2

0

0
.2

5

0
.3

0

0
.3

5

0
.1

5

0
.2

0

0
.2

5

0
.3

0

0
.3

5

0
.8

1
.0

1
.2

1
.4

1
.6

0
.6

M
a

c
h

in
e

 f
o

rw
a

rd
 s

p
e

e
d

, 
k
m

/h

K
in

e
m

a
ti
c
 p

a
ra

m
e

te
r ,

 N
/V

K
in

e
m

a
ti
c
 p

a
ra

m
e

te
r ,

 N
/V

K
in

e
m

a
ti
c
 p

a
ra

m
e

te
r ,

 N
/V

C
o
tt

o
n

 s
ta

lk
s

7
0

8
0

9
0

1
0
0

6
5

7
5

8
5

9
5

6
0

Field efficiency, %

0
.1

5

0
.2

0

0
.2

5

0
.3

0

0
.3

5

F
ie

ld
 c

a
p
a
c
it
y

F
ie

ld
 e

ff
ic

ie
n
c
y

Field capacity, fed/h

0
.8

1
.0

1
.2

1
.4

1
.6

7
0

8
0

9
0

1
0

0

6
5

7
5

8
5

9
5

6
0

Field efficiency, %

0
.6

F
ie

ld
 c

a
p
a

c
it
y

F
ie

ld
 e

ff
ic

ie
n

c
y

Field capacity, fed/h

0
.8

1
.0

1
.2

1
.4

1
.6

7
0

8
0

9
0

1
0

0

6
5

7
5

8
5

9
5

6
0

Field efficiency, %

0
.6

F
ie

ld
 c

a
p
a

c
it
y

F
ie

ld
 e

ff
ic

ie
n

c
y

Field capacity, fed/h

M
a
iz

e
 s

ta
lk

s

M
a

c
h

in
e

 f
o

rw
a

rd
 s

p
e

e
d

, 
k
m

/h
M

a
c
h

in
e

 f
o

rw
a

rd
 s

p
e

e
d

, 
k
m

/h

S
u
n

fl
o
w

e
r 

s
ta

lk
s

1
2

2
.9

7
9

8
.2

0
8

1
.9

8
6

5
.4

7
1

2
2

.9
7

9
8
.2

0
8
1

.9
8

6
5
.4

7
1

2
2

.9
7

9
8

.2
0

8
1

.9
8

6
5

.4
7

- 
C

o
n

st
a

n
t 

sa
w

 r
o
ta

ti
n

g
 s

p
ee

d
 o

f 
(2

1
0
0
 r

p
m

 o
r 

2
7
.3

0
 m

/s
)

cr
o
p

 s
ta

lk
 r

es
id

u
es

.

F
ig

.5
. 

E
ff

ec
t 

o
f 

k
in

em
a
ti

c 
p

a
ra

m
e
te

r 
o

n
 f

ie
ld

 c
a
p

a
ci

ty
 a

n
d

 f
ie

ld
 e

ff
ic

ie
n

cy
 a

t 
d

if
fe

re
n

t 
st

a
lk

 m
o

is
tu

re
 c

o
n

te
n

ts
 a

n
d

 d
if

fe
re

n
t

F
ig

.4
.

S
ta

lk
 m

o
is

tu
re

 
c
o

n
te

n
t

S
ta

lk
 m

o
is

tu
re

 
c
o

n
te

n
t

S
ta

lk
 m

o
is

tu
re

 
c
o

n
te

n
t

1
8
.4

5
 %

2
5

.1
5
 %

3
1
.2

0
 %

4
2

.1
0
 %

2
9

.3
2
 %

3
7
.6

6
 %

4
1

.2
6

 %
5

3
.4

1
 %

1
7
.8

8
 %

2
3

.2
7

 %

2
9

.3
5

 %
4
0

.6
3

 %

 



FARM MACHINERY AND POWER 

 

Misr J. Ag. Eng., January 2013 - 92 - 

3.2.3. Effect of crop type on field capacity and efficiency: 

The field capacity and field efficiency are greatly affected by the crop type. 

Fig.4. shows that at the same kinematic parameter of 81.98 and the optimum 

stalks moisture contents of 31.20, 41.26 and 29.35 %, the field capacity and field 

efficiency were found to be 0.259 fed/h and 72.60 % for cotton crop less than 

0.264 fed/h and 77.62 % for maize crop less than 0.276 fed/h and 81.25 % for 

sunflower crop. These results illustrated that the good standing and no branching 

for sunflower and maize crops increased both field capacity and field efficiency 

since the cutting efficiency was also very good. 

3.3. Required power and consumed energy: 

3.3.1. Effect of kinematic parameter on power and consumed energy: 

Required power as well as consumed energy is too related to kinematic 

parameter. Fig.5. shows that both required power and consumed energy 

decreased as the kinematic parameter decreased. Decreasing saw mower 

kinematic parameter from 122.97 to 65.47 decreased the required power from 

8.29 to 4.96, from 7.11 to 4.43 and from 6.44 to 3.85 kW; from 40.26 to 16.30, 

from 32.76 to 13.59 and from 28.75 to 11.46 kW.h/fed, at lower stalks moisture 

content of 18.45, 29.32 and 17.88 % for cotton, maize and sunflower, 

respectively. The decrease of required power and consumed energy by 

decreasing the kinematic parameter may be attributed to the increase of field 

capacity, resulted in low values of fuel and consumed energy in the unit area.      

3.3.2. Effect of stalks moisture content on power and consumed energy: 

Fig.5. shows that the stalks moisture contents of 31.20, 41.26 and 29.35 % are 

considered the optimum values during cutting  cotton, maize and sunflower, 

respectively which recorded the minimum required power and consumed energy 

of 3.31 kW, 11.82 kW.h/fed; 3.29 kW, 11.34 kW.h/fed and 3.19 kW, 10.22 

kW.h/fed, respectively at lower kinematic parameter of 65.47. Any further 

decrease or increase in stalks moisture content less to or more than the optimum 

values mentioned above, both required power and consumed energy increased 

under all experimental conditions due to the increase in cutting resistance force 

lower moisture contents and increase elastic plant conditions at higher moisture 

contents which consumed more fuel during cutting operation.  

3.3.3. Effect of crop type on required power and consumed energy:  

Required power and consumed energy varied with the crop type. Results in 

Fig.5. shows that cotton stalks required more power and  consumed energy than 

maize than sunflower.  
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This is due to the high resistance of cotton stems-solid- comparing with maize 

and sunflower stems which were hollow stems. The cotton stalks recorded 

higher required power and consumed energy of 8.90 kW, 46.84 kW.h/fed 

followed by maize stalks of 7.76 kW, 37.67 kW.h/fed followed by sunflower 

stalks of 7.10 kW, 33.33 kW.h/fed at constant kinematic parameter of 65.47 and 

different stalks moisture contents of 42.10, 53.41 and 40.63 %, respectively. 

3.4. Cutting cost requirements: 

3.4.1. Effect of kinematic parameter on cutting cost requirements:  

Fig.6. shows that, decreasing kinematic parameter of saw mower from 122.97 to 

65.47, decreased operating costs from 111.42 to 78.39, from 104.52 to 75.69 and 

from 101.15 to 70.35.L.E/fed at different stalks moisture contents of 31.20, 

41.26 and 29.35 % for cotton, maize and sunflower, respectively, while 

decreasing kinematic parameter of saw mower from 122.97 to 81.98, decreased 

criterion costs from 116.61 to 96.76, from 124.81 to 117.83 and from 104.17 to 

89.26 L.E/fed at different stalks moisture contents of 31.20, 41.26 and 29.35 % 

for cotton, maize and sunflower, respectively. Any further decrease in kinematic 

parameter from 81.98 to 65.47, the criterion costs increased from 96.76 to 98.52, 

from 117.83 to 132.61 and from 89.26 to 90.73 L.E/fed for cotton, maize and 

sunflower, respectively. The higher values of criterion costs at lower saw mower 

kinematic parameter were attributed to the increase of cutting height, resulting in 

considerable increase of stalks losses.     

3.4.2. Effect of stalks moisture content on cutting cost requirements: 

Fig.6. shows the effect of stalks moisture content on operating and criterion 

costs. The optimum stalks moisture contents which recorded the minimum 

criterion costs of 96.76, 117.83 and 89.26 L.E/fed, were 31.20, 41.26 and 29.35 

% for cotton, maize and sunflower, respectively. Any further decrease in stalks 

moisture contents less to the optimum values led to increase the criterion costs 

from 96.76 to 101.01, from 117.83 to 136.36 and from 89.26 to 91.33 L.E/fed 

during cutting cotton, maize and sunflower, respectively. While any further 

increase in stalks moisture contents more than the optimum values led to 

increase the criterion costs also from 96.76 to 116.08, from 117.83 to 154.01 and 

from 89.26 to 101.82 L.E/fed during cutting cotton, maize and sunflower, 

respectively. The higher values of criterion costs at lower or higher stalks 

moisture contents were attributed to the lower values of cutting efficiencies 

resulting in more stalks stubbles after cutting operation.     
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3.4.3. Effect of crop type on cutting cost requirements:   

Fig.6. shows that the crop type was clearly affected on operating and criterion 

costs. Sunflower crop recorded the minimum criterion cost of 89.26 L.E/fed 

followed by cotton crop which recorded 96.76 L.E/fed followed by maize crop 

which recorded 117.83 L.E/fed at constant kinematic parameter of 81.98 and 

optimum stalks moisture contents of 29.35, 31.20 and 41.26 % for sunflower, 

cotton and maize, respectively. 

4. CONCLUSION 

A manufactured self propelled machine with two saw discs constructed at the 

front of the mower was evaluated during cutting operation of cotton, maize and 

sunflower residues versus different kinematic parameters and different stalks 

moisture contents. From the obtained data, it can be concluded the followings: 

The proper adjustments of saw mower kinematic parameter and stalk moisture 

contents during cutting operation are great importance to increase cutting 

efficiency and decrease cost requirements. The most economical kinematic 

parameter is 81.98, which represents the least criterion cost per feddan during 

cutting cotton, maize and sunflower stalks. Decreasing the saw mower kinematic 

parameter increased both field capacity and cutting height, while decreased field 

efficiency, cutting efficiency, required power and consumed energy. The 

optimum stalks moisture contents, which recorded minimum criterion costs were 

31.20, 41.26 and 29.35 % for cotton, maize and sunflower, respectively. 
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 الملخص العربي

 لــض المحاصيــا بعـبقايع قـطــلار دوراني ـة ذات منشـم أداء محشـتقييع وـتصني

 د. محب محمد أنيس الشرباصي*

ع سييقن  الححنيييا اثر يي عيي فن  ليو الح سيم الصيي و ليو آلة لقطأداء تصنيع وتقييم  ىيهدف هذا البحث إل

سيهةة التشي يا بسييطة التيرييو و ،يية الحجيمذه الآلية يي دلتن مصي ألا وهو القطن، الذرة وفبند الشحس. ه

والصييين ة رحيين أ هيين مننسييبة لةحييينةاو الصيي يية وال.يييوف الحصيييية. ميين  ن ييية أ ييي  لهييو تسيينفد فةييى 

الت ةو فةى مشكةة  قص اثيدي العنمةة ليو الحجينا الارافيو وتي ليي الن قينو وتجنيو التكينليي العنليية فنيد 

 والكبيية الحجم فند إ لاء اثرض من بقنين الححنييا الحختة ة. استخدام الآلاو الحت سطة

انمعيية الاهيينةيم وتييم  -رةييية الارافيية  -لقطييع لييو ورعيية هسييم الهندسيية الارافييية ا و ييدةتصيينيع أاييااء تييم 

 تتيرو هذه الآلة من اثاااء الآتية:ححنل.ة دمينط. بأ د الحاارع الخنية ا تبنرهن لو 

ميم  1.0ميم وسيح   052اثهييا  الحسيننة بقطيي مين  ةوجالآليةة فةيى  تحتي ي هيذه :القرص المسنن -1

 8..8مييم. تسييتحد اثهيييا   يرتهيين الدورا ييية ميين محييي  الآليية بقييدرة  622والحسيينلة اثلقييية بينهحيين 

   لة ي ا إلى سيفة القطع اللاةمة.  مي ة وفح د إدارة  ةرية واو فبي يندوهو تيوس ووية

 .مصر –جامعة الزقازيق  –كلية الزراعة  – قسم الهندسة الزراعية –أستاذ مساعد *
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مييم  642، رييا و ييدة مك  يية ميين ةوج ميين الحجيياءاو بطيي ا   ييدتينوتحتيي ي الآليية فةييى  :المجززاءات -2

مم من الجهة الخة ية وتك   مدببية مين الجهية اثمنميية لتسيهيا د ي ا سييقن  الححنيييا  422وفيض 

مييم لتننسييو الحسيينلة بييين  622وت ايههيين إلييى القييي  الحسيينن. رحيين أ  الحسيينلة بييين ميرييا ال  ييدتين 

 هن.النبنتنو الحطة ب هطعبقنين ي  ف 

تيرييو ليي   مييم  5مييم وهطييي  1152فبيينرة فيين ةوج ميين القلييبن  الحعد ييية بطيي ا : الإمالززة عصززا -3

ومسينلة ميم  220ومسينلة رأسيية بينهحين  °01الحجاءاو مبنعية  وبحيا لةخةي من الجهة اليحنيى بااويية 

   أس ا الآلة.إلى وتجنو سق طهن  ين  وذل  لتسهيا  يرة السيقن  الحقط فة ان بمم 122ألقية 

ةمية وذلي  فبيي يق م بنقا القدرة من محي  الآلة إلى اثهيا  الحسننة بنلسيفة اللاجهاز نقل الحركة:  -4

وطنراو وسي ر لة ي ا إلى مجينا واسيع مين السييفنو وفح د إدارة مي ة  يندوهو تيوس وويةة

     ل ة/د. 222.و  722الدورا ية يتياوح من بين 

ثيلا  أ ي اع تم دراسة فدد من الحت يياو لتقييم هذه الآلة بعيد التصينيع والتيرييو والتيو تشيحا اسيتخدام 

 1.02،  1.22،  2.82هيو أمنميية لللية سييفنو ، اليذرة وفبيند الشيحس    من بقنين الححنييا هو القطين

نملاو رينحنتيكيية م/ ( تنيت  أربيع معي 2..07ل ية/د   0122ثنبتة لةقيي  الحسينن  سيفة س  م/ر 1.52و

ر ينءة  ة:ة. وهد تم تقييم أداء هذه الآلة مين  يلاا القينسينو التنليي65.47و 81.88،  88.02،  100.87هو 

تكينليي    الطنهية الحسيتهةكةو، القيدرة اللاةمية  اسيتهلا  ال هي د   ةةنءة الحقةييةة والك يةالسعة الحقةيي   عةةالقط

 .عةية التقطةة لعحةيةالتش يا والتكنليي الكةي

 وقد أظهرت النتائج المتحصل عليها ما يلي:

رم/س ورط بة  2.8فند السيفة الحنخ لة  % 88.25و  86.55،  87.15أفةى ر نءة هطع رن ت  -

سم  75..و  6.00،  0.88والتو تحقم فندهن أها ط ا هطع وه   % 5..08و  41.06،  1.02.

 التيتيو. ىلكا من القطن ، الذرة وفبند الشحس ، فة

 2.8تحققت فند السيفة اثمنمية الحنخ لة  % 87.00و  84.44،  88.66ر نءة  قةية رن ت  أفةى -

، لكا  % 17.88و  0..08،  18.45( و رط بة منخ لة 100.87حنتيكو ميت ع عنما رينرم/س  م

و  06..2،  24..2من القطن ، الذرة و فبند الشحس ، فةى التيتيو. بينحن أفةى سعة  قةية رن ت 

( ورط بة 65.10رم/س  معنما رينحنتيكو منخ ض  1.5/س فند السيفة اثمنمية العنلية ف 6...2

 فبند الشحس ، فةى التيتيو.لقطن ، الذرة ولكا من ا % 17.88و  0..08،  18.45منخ لة 

 1.75،  1.78أها استهلا  وه د ، هدرة لاةمة وطنهة مستهةكة وهو  81.88 قم الحعنما الكينحنتيكو  -

رية واو.س/ف  10.12و  10.88،  47..1و  رية واو 4...و  .4..،  48../ف   لتي 1.72و 

 لكا من القطن ، الذرة وفبند الشحس ، فةى التيتيو. % 5..08و  41.06،  1.02.ة فند رط ب

 88.06و  .117.8،  86.76ورن ت  81.88ها تكنليي  دية تحققت فند الحعنما الكينحنتيكو أ -

،  ا من القطن ، الذرة وفبند الشحسلك % 5..08و  41.06،  1.02.انيه/ف فند رط بة سيقن  

 فةى التيتيو.

 82الحعنما الكينحنتيكو    ا ذاو الحنشنر الدورا و وبنلتنلو ي يى بنستخدام آلة تقطيع بقنين الححنييا -

لكا من القطن ، الذرة وفبند الشحس ،  % 5..08و  41.06،  1.02. لةسيقن   سبة رط بةمت سط و

   لتيتيو والتو تعطو أها تكنليي  دية لة دا .فةى ا


