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Abstract

The performance of a forage chopper was tested using three
adapted cutter blades namely, straight, triangular and V-shaped, at dif-
ferent rotating speeds of the blades (500, 750, 1100 and 1300 r.p.m)
and different forward speeds of the chopper (1.98, 2.7, 3.85, 5.15 and
6.5 km./h).

Experiments were carried out at the experimental Sakha Agri.
Res. Station, Kafr El-Sheikh Governorate, Egypt.

Results indicated that the triangular type cutter blade (Tb) oper-
ated at a rotating speed range from 750 to 1100 rpm and the forward
speed range from 2.7 to 5.15 km/h may be considered as optimum op-
erating conditions in the chopping process of cotton, corn and sunflower
stalks. The corresponding fuel consumption values were 6.98, 5.80 and
5.93 L/h for cotton, corn and sunflower stalks respectively. The results
also showed that the optimum total costs per unit area were 25.82,
24.15 and 24.84 LE/Fed.compared with 90.63 and 72 LE/Fed. for man-
ual chopping cotton stalks, (corn or sunflower) crop stalks respectively.

INTRODUCTION

Nowadays, mechanization techniques are no longer considered a luxury. It is
of utmost necessity to use mechanization specially in clearing farm fields from crop
residues. Cotton-stalks removal is one of most urgent field operations for planting
the subsequent crop in due time. Okabt residues removal is among important opera-
tions to mechanize, because of the timeliness importance of land clearance since, in
particular, labor has become so scarce and expensive (Awady, et al., 1985).

Cutting and shredding crop stalks has many uses: fooder for animals, soil fer-
tilizer, a renewable source of biomas fuel, compressed wooden boards and other pa-
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per industries. Removal of these field wastes will help in avoiding fire hazards as

well.

Hanna et al. (1985) compared four types of mowers: tractor mounted mower,
ensilage combine, self proplled harvester, and cotton stalks shredder. They recom-
mended the use of the shredder in cotton stalk removal because of its high produc-
tively (0.41 fed./h. at an optimum energy of 98.06 kw.h/fed. when operated at 1.8
km/h).

Abdel Maksoud et al. (1985) investigated the energy required to cut cotton
stalks and alfalfa which was found to vary with plant variety, moisture content and
knife velocity.

El-Nakib (1985) investigated the performance of the rotary cutter shredder in
cutting cotton stalks. He found that a low speed of 1.65 km/h. gave finer stock and
clean cut with short stubs of 8.1 cm mean height, while a high speed of 6.3 km/h.
gave a ruptured cut with longer stubs of 18.7 cm mean height.

Awady et al. (1988) designed an apparatus which measures the resistance of
plant stems for cutting. The results obtained from measurements on artificially
wetted lawn, wheat stems and cotton stalks showed significant differences. Resis-
tance parameters vary with size of plant stems, moisture content, and plant inten-
sity.

El-Danasory (1990), found that properties of cotton stalks would affect ener-
gy requirements for cutting. The cutting energy increased as stalk diameter in-
creased while decreased by increasing the cutting height and moisture content of
stalks, but it increased by increasing the number of stalks in hill.

Morghany (1995) evaluated some different retrieving systems (tractor-
mounted mower, shredder, ensilage combine, and self-propelled harvester), used in
clearing land from residues of some crops (cotton, corn, and sunflower). He recom-
mended the use of the shredder machine in cutting crop residues due to its low cost
of operation.

Taieb and Imbabi (1995), studied the energy requirements of the cutting oper-
ation of some crops as cotton, maize, wheat, sunflowers, soybean, sweet sorghum,
alfalfa and beans, they found that cutting energy increased by increasing the diame-
ter and cross-section area of stem for all plants, but at variable rates.
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The aim of the present work is to study the performance of a forage chopper
in cutting the stalks of cotton, corn, and sunflower crops under different conditions
of cutter blades, rolational speeds and forward speed of the machine.

MATERIALS AND METHODS

The field experiments were carried out at the experimental Agri. Res. Station
at Sakha, Kafr EI-Shiekh Governorate during the planting season of 1996 with the
aim to test the performance and efficiency of a modified cutter blade developed for
the forage chopper in cutting and chopping cotton, corn and sunflower stalks.

The main treatments were as follows:

1. Cutter blade type: stright blade (Sb), Trianguler blade (Tb) and V-shaped blade
(Vb).

2. Blade rotating speed levels: were 500, 750, 1100 and 1300 r.p.m.
3. Forward speed levels were: 1.98, 2.70, 3.85, 5.15 and 6.50 Km/h.

A pulled type forage chopper (Bulgarian make) was used in the present inves-
tigation for cutting and chopping cotton, corn and sunflower stalks. It has a width of
cut of 1.50m, 30 cutter blades pulled by 45 kw, Fiat 55-66 DT. tractor.

The modified blades were made of mild steel flat plates of 50 mm width and 7
mm thickness as shown in Fig. (1).

A representative sample of 100 stalks of cotton, corn and sunflower crops
was taken randomly, to measure dimensions and moisture contents. Average values
“are given in table (1).

Table 1. Cotton, corn and sunflower stalks average dimensions and moisture content.

Crops Cotton Corn Sunflower
Mean diameter (cm) 1.18 1.42 1.46
Mean height (cm) 188 279 231

Average moisture
content (%) 40 51 47
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Fig. 1. The experimented btades of the forage chopper.
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In each run, the forward speed (km/h.), blade rotating speeds (r.p.m.) dis-
tance traveled, time duration needed for this distance and fuel consumption were de-
termined. A stop watch and measuring tape were used in measuring the distance
traveled and elapsed time and hence the forward speed was calculated. The fuel con-
sumption was determined by measuring the volume of fuel consumed throughout the
test run, using a graduated glass cylinder and the stop watch. A multi range hand ta-
chometer was used to measure the blade rotational speeds.

Cutting height of stalks was measured from ground to the stalk tops. Moreo-
ver, cutting length of stalks was also measured on pieces gathered from the ground.
Calculations were carried out as follows:

1. Cutting efficiency was calculated using the following formula by Hanna et al.
(1985):
Ha-Hb
Ec="___ - - %7100
Ha
where,
Ec : Cutting efficiency (%).
Ha : Height of plant stand above the soil surface before cutting in cm.

Hb : Height of the stubble after cutting (height of cut) in cm.

2. Actual field capacity (Cgy) was calculated by using the formula:
1
Cga=___x100
Ta

where, (Ta): Actual time consumed to cut stalks of one feddan.

3. Field efficiency (Ef) was calculated using the following formula by Culpin, 1975:

Cta
Ec = _ x 100

Cte

where,

Cfa: Actual field capacity (fed./h.)
Ctt = Theoretical field capacity (fed./h).

= width of cut x forward speed.
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4. Power consumption was approximated through measuring fuel consumption for
each treatment using the following formula :
1 1
BHP = { Fc x ————— }x p x LCV. x 427 x M thx " m x —-
3600 75

where,
Fc = Fuel consumption, Lit./h.
p = Density of the fuel, kg/lit (for solar fuel 0.85 kg/lit).

L.C.V. = Lower calorific value of fuel (kcal/kg = 104 Kcal/kg for most petrol
fuels).

427 = Thermo - mechanical equivalent, Kg. m/Kcal.

" th = Thermal efficiency of the engine (considered to be 40% for most diesel
engines).

M m = Mechanical efficiency of the engine (considered to be 80% for most die-
sel engines).

5. Cost of chopping stalks operation per unit area (LE./fed.) was based on equations
by Hunt, 1983.

N.B. The data were arranged in split-split plot design for the statistical analysis.

RESULTS AND DISCUSSION
1. Performance ‘parameters by using chopper machine:

The performance of forage chopper was evaluated by studying the effect of
the forward speeds of 1.98, 2.70, 3.85, 5.15 and 6.50 km./h., the cutter blade ro-
tating speeds of 500, 750, 1100 and 1300 rpm and cutter blade types of straight
(Sb), triangular (Th) and V-shaped blades (Vb) on the cut length of the stalks, cutting
efficiency, actual field capacity, field efficiency, fuel consumption, power require-
ments and the cost of operation.

2. Cut length of stalks and cutting efficiency :

The effect of forward speed and cutter blade rotating speed on the cut length
of stalks (Y1) and cutting efficiency (Y2) for cotton, corn and sunflower stalks are
shown in Fig. 2. The length of stalks (Y1) and cutting efficiency (Y2) for different
crops had a reducing effect on forward speed. This may be due to the tendency of
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Fig. 2. Effect of forward speed and blade rotating speed on the cut length of stalks
and cutting efficiency for cutting cotton, corn and sunflower stalks.



1338 AHMED EL-BEHERY AND IBRAHIM S.YOUSEF

[Cotion statks l

80
Blade type
E & —s=— Sb —— Tb —— Vb 98
< =
= 60 = - ~
% = > = 04 &
» ‘\\M ©
S 40 sl <
g @
g 30 - —— o £
- 2
3 20 3
10 T T T ™ 86
250 500 750 1000 1250 1500
Blade rotating speed, r.p.m
1Corn slulksl
60 100
Blade type
. —m— Sh —+— Th —=— Vb
E 50 = R
c =
: \ / o
} 5 5 /" = §
$ 309 - k"
5 £
= < G
B 20 5 B2 o
o ™
5 10 -/\»\‘ o
O
[¢] T T B8
250 500 750 1000 1250 1500
Blade rotating speed, r.p.m
|Sunﬂnwer stalks I
ao
i Blade type
550 —m- Sh —— Tb —= Vb '*—"9832
& \ c
> 40 il Eog
) >
I : g o 5
s L2
=
%20 =
g _/\\“\, v0 £
=
=]
8 10 - | o

250 0 5 o
500 750 1000 1250 1500
Blade rotating specd, r.p.m

Fig. 3. Effect of blade rotating speed and cutter binde type on the cut length of stalks
(Y1) and cutting efficiency (Y2) for cutting cotton, com and sunflower stalks.



CHOPPING CROP STALKS 1339

cutting unit vibration and crop stalks to slipout of the cutting unit by increasing
chopper machine forward speed.

The minimum mean values of the cut length of stalks (Y1) obtained were 7.8,
8.8 and 13.3 cm for corn, sunflower and cotton stalks respectively at the lowest
level of forward speed (1.98 km/h.) and the highest level for blade rotating speed
(1300 rpm.).

The results indicate that increasing cutter blade rotating speed tends to de-
crease the length of stalks (Y1), whilst increase the cutting efficiency (Y2). These
were found to be in the forward speed range from 2.70 to 5.15 km./h. The optimum
speed was found to be around 3.93 km/h. It was obtained from the intersection of
the curves of cut length of the curves of cut length of stalks and cutting efficiency.

The effect of cutter blade types and blade rotating speed on the cut length of
stalks (Y1) and cutting efficiency (Y2) for cotton, corn and sunflower stalks are
shown in Fig. (3).

The results of field experiments indicated that the triangular (Th) shaped
blade gave the bast results of cut length of stalks (Y1) and cutting efficiency (Y2)
compared with other cutter blades, for all treatments. This phenomenon can be ex-
plained by the fact that the triangular (Tb) has the largest tip contact area used in
the cutting operation than the other.

On the other hand, it is evident from the results that increasing the cutter
blade rotating speed tends to decrease the length of stalks (Y1), and increase the
cutting efficiency (Y2) for all treatments.

The highest cutting efficiencies (Y2) (95.4, 96.1 and 97.1%) were obtained
with triangular blade (Tb) at cutter blade rotating speed 1300 rpm for cotton, sun-
flower and corn stalks respectively. While the minimum mean values of the cut fe-
ngth of stalks (Y1) obtained were 7.3, 8.5 and 20.3 cm for corn, sunflower and cot-
ton stalks respectively at the cutter blade rotaing speed of 1300 rpm with
triangular blade (Tb).

On the other hand, no significant difference was found between 1100 and 750
rpm cutter blade rotating speeds. The least value of the cut length of stalks (Y1) and
the best cutting efficiency (Y2) were found to be within the range of cutter blade ro-
tating speed from 750 to 1100 rpm. The optimum cutter blade rotating speed was
equal to 925 rpm.
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1.2 Actual field capacity and field efficiency:

Fig. (4) illustrates the effect of using different operating speeds on the actual
field capacity (Y1) and field efficiency (Y2) for cotton, corn and sunflower stalks. In
general, the figure shows that the actual field capacity (Y1) increases and the field
efficiency (Y2) decreases as the operational speed increased for cotton, corn and
sunflower stalks.

The optimum field efficiencies (Y2) obtained considering the maximum cutting
efficiency of stalks and the minimum cut length of stalks at the optimum operating
speeds were (85% and 74%) for different crop stalks.

1.3 Fuel consumption and energy requirements :

The effect of cutter blade speed and forward speed on fuel consumption for
cotton, sunflower and corn stalks are shown in fig (5) and fig (6). The fuel consump-
tion increased with increasing the cutter blade rotating speed and forward speed for
cotton, sunflower and corn stalks.

The highest values of fuel consumption obtained were 7.08,7.37 and 8.41 L/h.
for corn, sunflower and cotton stalks respectively when using the forage chopper at
highest: forward speed 6.50 km/h. At the same time, the highest values were 7.37,
7.51 and 8.85 L/h for corn, sunflower and cotton stalks respectively at the highest
cutter blade rotating speed 1300 rpm.

Data in table (2), show the effect of forward speed of machine on fuel con-
sumption and power requirements for the three crop stalks. Increasing forward
speeds tends to increase fuel consumption and power requirements for all crops
stalks.

On the other hand, the cotton stalks require higher energy and fuel consump-
tion than corn and sunflower stalks due to excessive stiffness of cotton stalks.

Table 2. Effect of forward speed on fuel consumption and power requirements for
cutting cotton, corn and sunflower stalks.

Forward Fuel Consumption L/fed. Power requirements Kw
Speed
Km/h. Cotton  Corn Sunflower Cotton  Corn Sunflower
1.98 9.89 6.11 7.02 24.3 K7 18.7
2.70 8.04 5.61 6.29 25.9 19.8 20.8
3.85 6.91 537 5.65 30.0 24.9 25.5
5.15 6.42 4.73 4.83 34.5 28.1 28.6
6.50 5.68 4.19 4.41 36.2 30.4 31.7
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1.4 Cost analysis:

Table (3) shows the total costs per hour for both tractor and forage chopper
used in the chopping operation for different crop stalks.

Table 3. Fixed and variable costs for tractor and chopping machine in LE/h .

Tractor Machine
Item

LE/h. LE/h.
A. Fixed Costs: 5 -
1- Depreciation LE/h. 9.95 1.80
2- Interest, shelter, taxes and 5.29 1.93

insurance LE/h.
Total Fixed Cost LE/h. 10.24 3.73
B. Operating Costs : = N

1- Repairs and maintenance. 5.39 1.15
2- Fuel and oils 4.07 2
3- Labour LE/h. 1.50 E
Total operating cost 10.96 1.15
Total cost 21.20 4.88

Total cost for tractor and chopping machine = 26.08 LE/h.

The cost calculations were based on the list price of LE 55000 for the tractor
. and L.E. 6000 for the chopping machine.

Table (4) shows the total costs per unit area at the different forward speeds
of operation used for different crop stalks. It has been noticed that increasing for-
ward speed tends to decrease the total cost as a result of increasing the actual field
capcity.

The daily wage for one laborer to manually chop stalks was about 1.5 LE/h. On
the other hand, the total costs were about 90.63, 60 and 72 LE/fed. when chopping
cotton stalks, corn and sunflower stalks manually respectively.
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Table 4. The total costs for chopping machine in LE/h .

Crop Forward Speed Actual Field Total Cost
Km/h. capacity fed/h. LE/fed.
Cotton 1.98 0.57 45.75
2.70 0.75 34.77
3.85 1.01 25.86
5.15 1.25 20.86
6.50 1.48 17.62
Corn 1.98 0.65 40.12
2.70 3 0.82 31.80
3.85 1.08 24.15
5.15 1.38 18.90
6.50 1.69 15.43
1.98 0.62 42.06
Sunflower 2.70 0.77 33.87
3.85 1.05 24.84
5.15 1.38 18.90
6.50 1.67 15.62
CONCLUSION

Data obtained from field experiments under the conditions described in this

study support the following conclusion:

ol ¥

The least cut length of stalks and the corresponding adequate cutting efficiency
were found to occur in the range from 2.70 to 5.15 Km/h. forward speed.

2. The performance of the triangular blads (Tb) gave better results of cut length of

stalks and cutting efficiency as compared with other v-shaped (vb) and straight
blades (sb) for all treatments.

3. Increasing the cutter blade rotating speed tends to decrease the cut length of

stalks, while increases the cutting efficiency for all treatments. The optimum
cutter blade rotating speed ranged from 750 to 1100 rpm.

4. The optimum field efficiencies were 74, 80 (sunflower or corn stalks) and 85%

for cutting cotton.
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5. The actual field capacity at optimum at optimum operating conditions ranged from
1.01 to 1.38 fed./h. for different crop stalks.

6. The optimum fuel consumption were 6.98, 5.80 and 5.93 L/h. for cotton, corn and
sunflower stalks respectively at the optimum forward speed of 3.85 Km/h.

7. The cotton stalks require high energy and fuel consumption then corn and sunflow-
er stalks.

8. The optimum total costs per unit area were 25.82, 24.15 and 24.84 LE/fed. at
the optimum speed of 3.85 km/h. for cotton, corn and sunflower stalks respec-
tively. On the other hand, the total costs were about 90.63, 60 and 72 LE/fed.
when chopping cotton, corn and sunflower stalks manually respectively.
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