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ABSTRACT

A sod mower machine was developed and constructed to used in garden
and club. Experiments were carried out to evaluate its performance and
estimate the operational cost .The performance of the sod mower
machine in terms of field efficiency, cutting efficiency, fuel requirements
and mowing cost were investigated departing on of change in kinematics
parameter (ratio of rotary peripheral velocity to forward speed), cutting
mechanisms (single or double drum) and knife types (straight or curved
with two blades) during the mowing operation of sod.

The experimental results revealed that the use of the developed sod
mower machine in order to maximized mower efficiency and minimized
mower fuel consumption and operating cost under the following
conditions:

The operating mower a kinematics parameter of 20 which corresponded
to forward speed of 0.24 m/s, knife velocity of 5 m/s was the optimum.
The best adjusting of the knife of the machine at cutting height of 4 cm
with moisture content 50 % was used cutting mechanism of double drum
with straight knife (two blades).

INTRODUCTION

ublic and special gardens play a vital role in the population life.

The green bed refines the atmosphere from the bad particles of

pollution in the air. Green bed is used widely as a playground for
most games in different clubs. This process is still operated depending on
primitive methods using manual tools or imported machines of highly
cost. So, sod cutting by means of up to date technology taking into
consideration. Machine performance and improvement, field efficiency,
fuel requirements and operating cost is an important.
Many researches were carried out on the rotary mechanisms of cutting
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machines and the design variables which affect the cutting efficiency.
Kepner et al. (1972) stated that the common way of the cutting forces
was by means of two opposed shearing elements. In the way of applying
the cutting forces by single cutting elements, the material being cut may
transmit the force required to oppose a single cutting element. An impact
cutter having a single high speed cutting element relies primarily upon
inertia of the material being cut to furnish the opposing required force for
shear.

Prasad and Cupta (1973) found that the cross section area and moisture
content of the cut material had significant influence over shearing energy
and maximum shearing force. Mored (1981) found that the required
force for cutting any material may be divided into two parts. The first
part is the inertia force required to move the cutting mechanism, and the
second is the shearing force required to shear the material. Inertia force is
affected by the square of knife velocity resulting in a sharp increase of
cutting energy. The force was found to be affected by knife velocity,
machine forward speed, and material moisture content. Awady et al.
(1988) reported that rotary disk with cutter blades gave better operation
efficiencies (0.45-0.91). Appropriate tip speeds are determined according
to forward speed, blade protrusion and other relevant factors. Habib
(2002) Found that the cuttings force of the plant materials is the main
parametric force affecting knife velocity. Whereas, the tension and
bending forces that resulted in the plant stalk are of little effect on the
cutting knife velocity. EI-Sahar (1988) Indicated that the cuttings force
is greatly affected by the diameter of the plant stem. For three types of
plant stem of cotton, wheat and lawn, 625 N force was needed to cut of 9
mm cotton stalk diameter at 6.5 %, for 2.5 mm diameter lawn stems in
bundles of four stems. Decreasing cutting forces at higher moisture
contents were due to visibility of the stalk tissues of plant stems. Imbabi
(1992) found that the energy requirements for cutting the sesame plants
ranged from 4.32 — 27.03 Joule / stem according to the moisture content
of stems, while the cutting force ranged from 432.14 — 1351.31 N/stem
according to the moisture content of stems.

Misr J. Ag. Eng., October 2009 1801



The objectives of the present research is :

1 . Performance evaluation of a developed local machine in sod mower
to improve its performance and minimize the operational cost.

2 . Selecting the optimum conditions (kinematic parameter ) and the
optimum cutting mechanism for operating the machine.

MATERIALS AND METHODS

Experiments were carried out at Faculty of Agriculture, Al-Azhar
University to evaluate of its performance under different operating
parameters. The constructed of sod cutting machine was done in locally
workshop .

The developed sod cutting machine:

Sod cutting machine (Fig.1) consists of the following main parts;

1 . power unit: The engine has a power of 3 kW and rotating speed of
900-2200 rpm, Two strok, Kawasaki kt-18, one cylinder and forced
air cooling.

2 . Cutting mechanisms: Two type of cutting mechanisms were used in
this study as follow:

Single cutting mechanism. The main parts of cutting unite consists of :

1. Bevel gear 4 and 8 teeth to transmission of power and change the
direction of motion of rotary from horizontal to vertical.

2. A vertical shaft of 25 cm length ,4cm diameter and it is carried by two
ball bearing which fixed on the fram as a link from bevel gear 8 ,16
and 24 teeth to cutting disc.

3. Cutting disc : Disc is make from spring steel, 50 cm diameter and the

disc is connected to a knife has two blades; the knife connected to the

disc by a bolt and nut to. The curved and straight knifes have of 7 cm
length, 5 cm width and 2 mm thickens.

Double cutting mechanism: The double cutting unite consists of two
single cutting unites but the diameter of disc was half diameter of
single disc which gave the similar operating width as 58 cm, the
motion of the discs was on opposite direction.

3. Power transmission system: The power transmission system mainly

consists of pulleys, V belt and horizontal shaft. The drive pulley is

mounted on the engine shaft and has a diameter of 6 cm . The driven
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pulley is mounted on a horizontal shaft it is multiple diameter of ( 20,
13.5, 10, and 8 cm ). These variation of diameter of pulleys gave a lot of
reduction ratio. The horizontal shaft; was of 40 cm length , 2. cm
diameter and it is carried by ball bearing which fixed on the frame .
Three bevel gears connected to the horizontal shaft to transmission the
motion to the cutting unite.

4. Transporting wheels: The mower is provided by two sets of the front
and rear wheel. The front wheel is 30 cm diameter and 5 cm width. Also
it used in order to adjust the height of cut by means of an adjustment
control .These wheels are fixed in the frame by means of ball bearing.
The rear wheel is 40 cm diameter and Scm width. These wheel are used
for transport the mower during its operation. These wheels are fixed in
the main body by means of ball-bearings

5. Frame The frame was constructed of steel plate (90 x 48 x 0.4 cm) to
carry the engine and fixed it by means of four sets screw bolts and nuts,
A rubber pad was put under the engine to reduce and dumb the
vibrations. The frame also carried the cutting mechanism and the power
transmission system. Handles were 85 cm long and made of 2.5 cm
diameter steel pipes. A lever to control the tension of belt by jockey
wheel and clutch was fixed on left handle. Engine accelerator lever was
fixed also on the right hand.

Fig. (1): Elevation of rotary mower.

scale 1 :10

1. Frame 2. Engine 3. Transport wheels

4. Steering system 5. Horizontal shaft

6. Ball bearing 7. power transmission 8. Bevel
gears 9. Pulleys 10. Jockey clutch
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Table (1) Knife velocity used in mower.

Cutting Knife types Knife velocity | Kinematic
mechanism m/s parameter

3 12

4 16

Straight blade 5 20

6 24

3 12

Single drum 4 16

Curved blade 5 20

6 24

3 12

4 16

Straight blade 5 20

6 24

3 12

Double drum 4 16

Curved blade > 20

6 24

The effective field capacity (Cef) is the actual average working rate of
area concerning the amount of time lost during the operation.
Cutting efficiency:
Cutting efficiency was calculated by using the following formula.
A -B
Ec= --—----- x 100 3)
A

Where

A : height of sod stalks above the soil service before cutting, in cm.

B : height of sod stalks above the soil after cutting, cm.

Power requirements:

The power can be calculated by measuring fuel consumption and by
using the following equation .

E, = {F. } x LCV x 427 nth x nm (4)
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Where:

F. : The fuel consumption, Kg / h

LCV:The lower calorific value of fuel (kJ / kg), average LCV of
gasoline is 11000 kcal/kg.

m : mechanical efficiency of the about 80 % for gasoline engine

Nth : The thermal efficiency of the engine, (consider to be about 25
% for gasoline engine)

100: Thermal-mechanical equivalent, kg .m/kJ.

Kinematic parameter .
The Kinematic parameter was defined as the ratio of knife peripheral

velocity to machine forward speed
or
b R —
v

Where:

3 : Kinematic parameter.

o : Angular velocity of the knife, m/s

r : Rotor radius,

v : Machine forward speed, m/s

The proper adjustment of the kinematic parameter during sod cutting is
great importance to decrease sod cutting losses and consequently increase
cutting efficiency.

There were four ways in which the kinematic parameter can be varied:
change the knife velocity, and machine forward speed 0.24 m/s.

In this investigation, the proper kinematic parameter was indicated
experimentally. All experiments were run under a constant forward speed
0.24 m/s, and different knife velocity of 3, 4, 5, and 6 m/s, which
corresponded to different kinematic parameter of 12, 16, 20, and 24
respectively (tablesl).

The performance of the sod cutting machine was evaluated a change in
kinematic parameter, cutting mechanism of single and double drum, and
knife types of straight and curved (two blades) .

Evaluation of the sod cutting machine performance was carried out by
taking into consideration the following indicators.
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Field efficiency for the mower:
The field efficiency was calculated by using the following equation;
Cer
Er= x 100 (1)
Cn

Where:
E¢ : The field efficiency.
C.r ; effective field capacity in fed / h .
C : theoretical e field capacity in fed / h .
Cn= S W /4200
@)
Where:
S = travel speed ,inm/h.
W = operating width of the mower in m .

The effective field capacity (Cer) is the actual average working rate of
area concerning the amount of time lost during the operation.

Operation cost :
The operation costs of the mower were calculated according to (Awady
1978).
C=p/h(l/e+i2+t+r)+(1.2kW.FS)+W/144 (5)
Where:
C : is the hourly cost, LE / h
p : is the capital investment.
h : is the yearly operating hours, h
: 1s life expectancy of equipment in year.

: is the interest rate, %

: 1s the taxes and overheads.

r : is the repairs ratio of the total investment.

1.2: is a factor including reasonable estimation of the oil consumption in
addition to fuel.

F : is the specific fuel consumption in liter/kW.h.

- -

S : is the price of fuel per liter .
w : is the labor wage rate per month (L.E).
144 : is the reasonable estimation of monthly working hours.
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RESULTS AND DISCUSSION

The influences of some operating parameters on the performance of sod
mower machine are discussed as follows:

Effect of kinematic parameter on field efficiency:

Representative values of field efficiency versus rotary mower kinemetic
parameters with cutting mechanism ( single and double ) and knife
straight or curved ( two blade) are given in Fig. 2.

Results show that, field efficiency values were increased as the kinemetic
parameters increased. Data obtained show that increased the rotary
mower kinemetic parameters from 12 to 24, increased the field efficiency
by 86.4 to 94.9 % with double cutting mechanism and straight knife,
Through the curved knife there are some change as the field efficiency.
Decreased at the lower values of kinemetic parameters,the field
efficiency was 76.4 at 12 kinemetic parameters and 89.3 at the 24
kinemetic parameters for the single cutting mechanism and curved knife.
Same trend was appended with the double drum bat with tight change.
The major reason for the increase in field efficiency by increasing the
kinemetic parameters is due to the less theoretical time consumed in
comparison with the other items of time losses.

Influence of some operating parameters on cutting efficiency:

Cutting efficiency is greatly affected by many operating parameters.
Unadjustment of these parameters caused a serious sod damage that tends
to increase losses, and in turn decreased sod quality, (Fig.3).
Representative values of cutting efficiency versus rotary mower
kinemetic parameters with cutting mechanism ( single and double ) and
knife straight, curved ( two blade) are given in Fig.3.

Results show that cutting efficiency values were increased as the
kinemetic parameters increased. Data obtained show that increased the
rotary mower kinemetic parameters from 12 to 24, increased the cutting
efficiency by 94.5 and 99.7 % with double cutting mechanism and knife
straight. Through the curved knife there are some change as the cutting
efficiency. Decreased at the lower values of kinemetic parameters. The
cutting efficiency was 93.3 at 12 kinemetic parameters and 98.1 at the 24
kinemetic parameters for the single cutting mechanism. Same trend was
appended with the double drum bat with tight change.
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The major reason for the increase in cutting efficiency by increasing the
kinemetic parameters.

The increase of cutting height with the decrease of kinematic parameter
is due to bending of sod under the cutter disk of the rotary mower, added
to that , a great number of plants were left without cutting, resulting in a
remarkable drop in cutting efficiency.

Effect of kinematic parameter on fuel consumption:

Fuel consumption as related to the kinemetic parameters with cutting
mechanism ( single and double ) and knife straight, curved ( two blade).
Fig. 4 shows that the fuel requirements increased as the kinemetic
parameters increased. Increased the rotary mower kinemetic parameters
from 12 to 24 ,in creased the fuel consumption by 262 and 272 cm®/ h
with double cutting mechanism and knife straight. Through the curved
knife there are some change as the fuel consumption. Decreased at the
lower values of kinemetic parameters. The fuel consumption was 249
cm’ at 12 kinemetic parameters and 260 cm3 at the 24 kinemetic
parameters for the single cutting mechanism. Same trend was appended
with the double drum bat with tight change. The increase of fuel
requirements by increasing the kinematic parameter is attributed to the
increase of field capacity, results in low values of fuel per feddan.

Cost of using the machine:

The estimated costs:

- Capital investment for the mower were 2000 L.E.

- Yearly working hours of A1¢ h/ year.

- life expectancy of the machine of 10 years.

- interest rate / year 10 %.

- taxes overheads ratio 2 %.

- repairs and maintenance ratio 10%.

- power 4 Hp.

- specific fuel consumption o.3lit.

- fuel price 1.2 L.E/L.

- Labor wage rate per month of 200 L.E.

The operating cost was determined 37 L.E / fed.
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Fig.(2) Effect of the kinematic parameter™a "on the field efficiency "Ec" (%) at different
cutting mechanism and knife shape
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Fig. (3) Effect of kinematic parameter "a " on the cutting efficiency "Ce" (%) at different
cutting mechanism and knife shape
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different cutting mechanism and knife shape

CONCLUSION

The proper adjustment of the rotary mower kinematic parameter during
the mowing operation is of great importance to increase the field capacity
and decrease cost requirements.

Increasing the rotary mower kinematic parameter from 12 to 24,
increased the field efficiency by 86.4 to 94.9 % with double cutting
mechanism and straight knife, increased the cutting efficiency by 94.5
and 99.7 % with double cutting mechanism and knife straight, and
increased the fuel consumption by 262 and 272 cm’ / h with double
cutting mechanism and knife straight.

Rotary mower kinematic parameter of 20 minimized the mowing costs.
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