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ARTICLE INFO ABSTRACT

Sugar is an important strategic commodity for all countries of the world. Sugar after wheat
is of strategic importance in Egypt. It was, therefore, necessary to pay full attention to
sugary crops, especially sugar cane, to increase productivity and to bridge the gap between
production and consumption by increasing the productivity of sugarcane. The main
problem of sugar cane plantation is the harvesting process. The sugarcane harvesting
season lasts for 5 months in Egypt, starting in Dec. and ending in May. A tractor-operated
sugarcane harvester was designed, manufactured, and tested, and the machine parts was
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Agricultural Machinery & power Engineering designed by using “SolidWorks” software, and this program helps to find out the typical

dimensions of various components of machine with great accuracy in small time. The
machine was manufacturing and constructed by using the low-cost material available in
local market. Results of the tests showed that the effective field capacity ranged from 1.16
to 1.3 Fed/h and increased with an increase in row spacing and forward speed. In the high
crop density fields, the cutter head efficiency averaged 100 %. It, however, increased with
a decrease in cutting height and, increased with an increase in row spacing and number of
knives. The throughput capacity increased from 42.9 to 79.02 t/h as the row spacing
increased from 71 to 88.75 cm and the maximum total operating costs are 120 EGP/h (98.5
and 92.3 EGP/Fed) depending on the power requirements.

1. Introduction demonstrated sugarcane harvesters' performance attract
the farmers to use them. Other trails to develop and test
local designs of sugar cane cutter harvesters through
graduate students' research programs have not been suc-
ceeded. (Abdel-mawla, 2014). The manually cutting is a
very labor-intensive, the workers usually become fa-
tigued after a few hours, and they need frequent pauses
for rest. (Rohit and Sharad, 2015). Due to the high levels
of sun exposure, Precautions need to be taken to limit or
protect the workers because it can result in various types
of skin cancer conditions (Siddaling and Ravaikiran,
2015). Due to wages increasing and the unavailability of
labor to cut sugar cane by hand, the South African Indus-
try considered various options for mechanical sugar cane
harvesting (Debeer, 1974).

Since about 4 decades the sugar cane production is
fully mechanized, the design and commercial manufac-
turing of mechanical sugar cane harvesters have taken
first place in Hawaii, Australia, Southern USA, and Ja-
pan. Countries which have large areas of sugar cane
such as Brazil, India, Cuba, South Africa, and China may
have large agricultural sectors that economically apply
full mechanization, medium sectors that apply semi-
mechanization and small size farms that still harvest
sugar cane manually. Except for Egypt, no successful
sugar cane harvester has been developed so far. Several
trails have been done to locally demonstrate imported
sugar cane harvesters. The demonstrated machines were
not accepted by the local farmers because of poor perfor-
mance represented in poor cost-saving, poor labor-saving The objectives of this study are to:
and poor timesaving. Therefore, no advantages of the
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1. Study some physical properties of sugarcane.

2. Design and construction of a prototype sugarcane
harvester.

3. Test and evaluate the performance of the machine
in the field.

4. Make an economical evaluation of the machine.
2. Materials and methods

To achieve the objectives proposed for the current
study, an experimental sugar cane harvester was de-
signed and manufactured at a local workshop in El-
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Minya governorate - El-Minya, Egypt, 2017. This experi-
mental unit was designed to cut two rows of sugar cane
and windrow them in one row below the tractor. The ex-
perimental unit was designed to be compatible with a
wide range of row spacing, row height, and tractor types.

2.1. Description of the experimental sugar cane har-
vester

The entire experimental sugar cane harvester was
subjected to standard design methodology. The sugar
cane harvester consists of four main parts: machine frame,
cutter head, transmission system, and power supply and
hydraulic system, as shown in Figures from 1 to 6.

Rigid frame connecting the machine
with the tractor (front mounted)

Power transmission

F

Hydraulic
arms

Figure 1. Side view of the proposed machine designed by SolidWorks program.

1

Figure 2. Power transmission shaft connection be-
tween machine and tractor.

NS E
Figure 3. A. Height control Mechanism, B. Width
control Mechanism, C. Transmission power for both
cutting disks.

e
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Figure 4. Front view of the sugar can harvester show-
ing the pusher.

(0 L7
Figure 5. A. Gear box, B. Cutting system, C. Hydrau-
lic system, D. Cutting disk.
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Figure 6. Front mounted sugarcane harvester.

2.2, Performance Tests and Evaluation of proposed
sugar cane harvesting unit

The prototype sugar cane harvester was tested in
the Research Center and Agriculture Research — El-
Minia - Egypt. Tests were carried out to evaluate the
machine performance in terms of effective field capac-
ity, field efficiency, material capacity, cutter head effi-
ciency, fuel consumption, and power requirements.

Experiment design

Field tests were conducted to evaluate the perfor-
mance of the harvesting unit by studying the following
variables:

1. Forward speed 3, 3.5, 4.5 and 5 km/h.
2. Row spacing 71.0, 78.89 and 88.75 cm (Stalk di-
ameter 2.63, 3 and 3.76 cm, respectively).
Cutting height at ground level, 2 and 4 cm.
The number of knives 2 and 4.

5. Knives velocity at constant speed ratio with the

forward speed = 20:1.

2.2.1. Effective field capacity

Ll

The effective field capacity (Fed/h) of the machine
was calculated according to the following formula:
Ap
Fc = ﬂ

where:
AP = area of the field portion, Fed.
T« = time consumed to complete the harvesting area
of the sugar cane crop, h.

2.2.2. Field efficiency

Field efficiency of the machine was calculated ac-

cording to the following formula:
Fe = 4.2 X Fc
T Sxw

where:
S = speed of operations, km/h.
W = operational width of the machine, m.

2.2.3. Throughput capacity

The throughput capacity (t/h) of the machine de-
fined as the mass of material handled by the machine
per hour was calculated according to the following for-
mula:

Mc = Fc XY

where:
Fc = effective field capacity, Fed/h.
Y = sugarcane yield, t/Fed.
Mc = material capacity, t/h.

2.2.4. Cutter head efficiency

The cutter head efficiency was determined by se-
lecting one hundred sugarcane stems from the field and
harvesting them using the machine. The harvested
stalks were then separated into those that were com-
pletely cut at the base, those that were uprooted and
those that were not cut. The cutter head efficiency was
calculated according to the following formula:

B Ne 100
= — X
ce Nt

where!
Nc = number of stems completely cut.
Nt = total number of sugar cane stems (completely
cut at base + uprooted + not cut).

2.2.5. Fuel consumption

A volume of fuel consumed (cm3) was measured
during each test run at cutting load. Consumption time
for each test was measured and volumetric fuel con-
sumption rate was calculated for each load as follows:

FC = (V *3600) / (t* 1000)

where:
FC = volumetric fuel consumption, 1/h
V = volume of consumed fuel, cm3
t = time of running the test, s.
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2.2.6. Power requirements

The power requirements for harvesting sugarcane
stalks were calculated according to the following for-
mula:

P = FC* CV * nth / 3600

where:
P = power requirements, kW. (Brake power)
Fc = fuel consumption, kg/h. [(fuel consumption in
L/h) x (p in kg/L)]
ni = thermal efficiency (30 %).
CV = calorific value of kilogram fuel, kJ/kg [CV=
44800 k]J/kg for diesel fuel]
o = density of fuel, kg/L [0 =0.82 kg/1 for diesel fuel]

2.3. Cost estimation of owning and operating the pro-
posed machine

Formulas developed by the American Society of
Agricultural and Biological Engineers (ASABE) are
used to calculate costs. All costs are based on buying a
new proposed prototype of the sugar cane harvester,
owning the machine for 5 years and using it 1200 hours
per year.

3. Results and discussions

The main factors affecting the performance of the
proposed prototype harvesting sugar cane unit are field
capacity, throughput capacity, power requirements,
Table 1

Average values of physical properties of sugarcane stalks*.

cutter head efficiency and total operating costs of the
machine.

The controlled conditions of the criteria were: ma-
chine forward speed, row spacing, sugar cane stalk di-
ameter, cutting height and number of knives. All exper-
iments were carried out under field conditions to meas-
ure the effect of the controlled factors on the perfor-
mance of this prototype harvesting unit.

3.1. Physical properties of sugar cane stalks

Physical properties of sugar cane stalks that affect
mechanical harvesting were measured from the aver-
age of random sampling group of the test field in Center
of Experiments and Agricultural Research, Faculty of
Agriculture, El-Minia University, and sugar cane farms
that all grow sugar cane variety C9.

= Stalk length, cm
= Stalk diameter, cm
= Stalk weight, kg

Table 1 show average values of physical properties
of green sugar cane stalks. Length of unbranched stems
ranged from 216 to 242 cm depends on row spacing.
Sugar cane stalk diameters were ranged from 2.63 to
3.76 cm and weight of unbranched stems were also
ranged from 1.175 to 1.763 kg. The samples collected
from a uniform growing area of the sugar cane field.

Cane stalk properties Field (1)** Field (2)*** Field (3)****
Average stalk length, cm 216 239 242
Average stalk diameter, cm 2.63 3.12 3.76
Average stalk weight, kg 1.175 1.468 1.763

* Sugar cane variety C9. ** Row spacing =71 cm. *** Row spacing = 78.89 cm. **** Row spacing = 88.75 cm

3.2. Field performance

The performance of sugarcane cutter unit with
three forward speeds, three distance (with stalk diame-
ter 2.5, 3, 3.5 cm), three cutting height and two types of
number knives were tested and evaluated according to
the following aspects:

1. Effective field capacity.
2. Field efficiency.

3. Material capacity.

4. Cutter head efficiency.
5. Fuel consumption.

6. Power requirement.

Results of the experimental work could be summa-
rized as follows:

3.2.1. Effect of forward speed

The proper forward speed required for harvesting
sugar cane at the ground level is a very important fac-
tor. Four forward speeds were used as 3, 3.5, 4.5 and 5
km/h to determine the proper forward speed for har-
vesting sugar cane stalks from the ground level. The
length of each test was 25 m and was repeated thrice.
The proposed fixed parameters to carry out these exper-
iments were: cutting heights = Ground level, 2, and 4
cm, row spacing = 70, 80, and 90 cm, stalk diameters =
2.5, 3, and 3.5 cm and No. of knives =2, and 4.

Results indicated that the best appropriate forward
speed required for harvesting sugar cane stalks are:

a) For stalk diameter 2.63 cm, row spacing 71 cm, cut-
ting height 0 cm with both (2 and 4) knives. The
proper forward speed of the harvester was approxi-
mately, 5 km/h. This forward speed gives maximum
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machine field capacity of (1.16 Fed/h), through put
capacity (42.9 ton/h). Also, the average base cutter ef-
ficiency 100%, the cutting energy decreased up to
(39.73 kW) and the total operating costs are 110.5
EGP/h (94.9 EGP/Fed).

b) For stalk diameters (3.12 and 3.76 cm), row spacing
(78.89 and 88.75 cm), cutting height 0 cm with both (2
and 4) knives. The proper forward speed of the har-
vester was ranged from 4 to 4.5 km/h. This forward
speed gives maximum machine field capacity of (1.18
and 1.30 Fed/h), through put capacity (57.45 and
79.02 ton/h). Also, the average base cutter efficiency
100%, the cutting energy decreased up to (42.78 and

46.88) kW and the total operating costs are (115.3 and
120 EGP/h) (98.5 and 92.3 EGP/Fed), respectively.

3.2.2. Effect of row distance

The distance between the rows is an important fac-
tor that plays a vital role, especially in estimating the
field capacity of the machine in addition to the through-
put capacity, as shown in Figures 7, 8 and 9. Row spac-
ing is one of the most important factors that affect stalk
diameters. At row spacing 71 cm, the average stalk di-
ameter is 2.63 cm, while at row spacing 78.89 and 88.75
cm average stalk diameter was 3.12 and 3.76 cm, respec-
tively, as shown in Figures 7, 8 and 9.

110 ,
Cutter head efficiency, %
1.8
100 - ~ el - ~—#— Row spacing =71 cm
2 - 1.6
Z 90 ‘E- —— Row spacing = 78.89 cm
< 14 o
— (TH
=] -
= - o
E 80 12 E —&— Row spacing = 88.75 cm
e § Field capacity, Fed/h
'::_’ 20 10T Row spacing=71cm
= 2
- (T
3 — _
- 08 == Row spacing = 78.89 cm
60
- 0.6 ;
—@— Row spacing = 88.75 cm
50 0.4
2.50 3.00 3.50 4.00 4.50 5.00 5.50
Forward speed, km/h

Figure 7. Effect of row spacing on field capacity and cutter head efficiency.
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Figure 8. Effect of row spacing on throughput capacity and power requirements. (Cutting height = gfound level

and No. of knives = 4).
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Figure 9. Effect of row spacing on total operating costs

Figure 7 illustrate the effect of row spacing on cutter
head efficiency and field capacity, Results shows that
increasing the row spacing increasing the field capacity
from (1.04 to 1.29 Fed/h) while the cutter head efficiency
stile constant (100%). Figure 8 shows the effect of row
spacing on throughput capacity and power require-
ments, Results shows that increasing the row spacing
increasing the throughput capacity from (37.47 to 78.09
t/h) and the power requirements from (35.7 to 46.27
kW). Figure 9 shows that increasing the row spacing de-
creasing the total operating costs from (104.6 to 92.7
EGP/Fed).

3.2.3. Effect of stalk diameter

The results showed that the stalk diameter was an
important factor in the mechanical harvesting of sugar
cane. It was found that at the stalk diameter 2.63 cm, the
power requirements were 22.25 % less than stalk diam-
eter 3.76 cm when the other factors stabilized, but it is
necessary to work close to the soil surface in order to
avoid bending the stalks before cutting.

3.2.4. Effect of cutting height

The cutting height is a very important factor, espe-
cially in estimating the power requirements and cutter
head efficiency at different forward speed and row dis-
tance, as shown in Figures (10, 11 and 12). Three cutting
heights were used as follow; cutting at ground level,
2.00 and 4.00 cm to determine the power requirements
and base cutter efficiency of harvesting sugar cane
stalks from the ground level. The length of each test was
25 m and was repeated thrice. The proposed fixed pa-
rameters to carry out these experiments were: forward
speeds =3, 3.5, 4.5 and 5 km/h, row spacing =70, 80, and
90 cm, stalk diameters = 2.5, 3, and 3.5 cm and No. of
knives =2, and 4, as shown in Figures (10, 11 and 12).

Figure 10 clearly shows that cutter head efficiency
decreased by 2% due to increasing the cutting height

. (Cutting height = ground level and No. of knives = 4).

from (ground level to 4 cm) while the field capacity un-
changed. Figure 11 illustrate the effect of cutting height
on throughput capacity and power requirements, Re-
sults showed that the throughput capacity changed
from (78.09 to 78.49 t/h) and the power requirements
still constant. Figure 12 indicate that increasing the cut-
ting height does not affect the total operating costs.

In general, it was found that the height of the cut-
ting has a significant impact on the machine perfor-
mance, especially in the base cutter efficiency where the
cutting efficiency was 100% at the ground level and de-
crease by 9% at 4 cm. The cutting height also has an-
other effect on the amount of loss during the harvesting
process, where 1 cm leads to loss between 200 to 340 kg
/ cm per Feddan depending on the row spacing. On the
other hand, it was found that the row spacing have not
effect on both the field capacity and the total operating
costs.

3.2.5. Effect of number of knives

Two groups of knives were used as 2 and 4 knives
to determine the power requirements and base cutter
efficiency of harvesting sugar cane stalks from the
ground level, as shown in Figures 13, 14 and 15. The
length of each test was 25 m and was repeated thrice.
The proposed fixed parameters to carry out these exper-
iments were: forward speeds = 3, 3.5, 4.5 and 5 km/h,
cutting heights =0, 2, and 4 cm, stalk diameters =2.5, 3,
and 3.5 cm and row spacing = 70, 80, and 90 cm.

Figure 13 clearly shows that the cutter head effi-
ciency and the field capacity unchanged. Figure 14 il-
lustrate the effect of No. of knives on throughput capac-
ity and power requirements, Results showed that the
throughput capacity and the power requirements still
constant. Figure 15 indicate that increasing the No. of
knives does not affect the total operating costs.
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Figure 10. Effect of cutting height on field capacity and cutter head efficiency. (row spacing =88.75 cm and No.
of knives = 4)
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Figure 11. Effect of cutting height on throughput capacity and power requirements. (Row spacing = 88.75 cm
and No. of knives = 4)
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Figure 12. Effect of cutting height on total operating costs. (row spacing = 88.75 cm and No. of knives = 4).
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Figure 13. Effect of No. of knives on field capacity and cutter head efficiency. (Cutting height = ground level and
row spacing = 88.75 cm)
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Figure 14. Effect of No. of knives on throughput capacity and power requirements. (Cutting height = ground
level and row spacing = 88.75 cm).
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Figure 15. Effect of No. of knives on total operating costs. (Cutting height = ground level and row spacing = 88.75
cm)
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In general, the number of knives had a direct effect
on the base cutter efficiency and did not effect any of
the other performance parameters where it was the best
performance of the machine when the number of knives
is 4 and decreased when using only two knives. The
number of knives had another effect on the stability of
the machine during the operation and we found that the
working with four knives was smooth operation free of
vibrations and noise.

3.3. Operating costs of the proposed unit

Although the first requirements of a machine is that
it be able to perform its intended function satisfactorily,
the management and economic aspects of the machine
application are also of great importance. The farm ma-
chinery design is largely controlled by economic con-
siderations. To work most effectively, it should have a
thorough determining the factors affecting field capaci-
ties and the economic principles governing the costs of
owning and operating field machines. Farm machinery
costs could be divided into two categories: annual own-
ership costs, which occur regardless of machine use,
and variable costs, which vary directly with the amount
of machine use.

Machine costs could be estimated by making a few
assumptions about machine life, annual use, fuel and
oil prices and labor wage. The operating costs of the
proposed sugar cane harvesting machine are listed in
Table 2. It is clear also, that all costs components of the
harvesting unit.

Table 2

Operating cost of the purposed sugar cane harvester.

Operating cost Machine  Tractor
Fixed costs, EGP/h
Depreciation 3.02 16.67
Interest on investment 1.51 16.67
Taxes, .msurance and 03 333
sheltering
Total fixed costs 4.83 36.67
Variables costs, EGP/h
Repair and maintenance 3.02+16 16.67
Fuel -- *
Lubricants -- *
Labors (one man) -- 20
Total variable costs 19.02 36.67

*The fuel and lubricants costs per hour depend on power re-
quirements.

The total operating cost was calculated at all treat-
ments as shown in the previous figures and tables, and
we found that the least total operating cost was (79.44
EGP/Fed) when the no. of knives were (2 and 4), the for-
ward speed was (5.01) km/h, the row spacing was

(88.75) cm, sugar cane stalks diameter was (3.76) cm and
the cutting height was (4) cm.

Also, we found that the largest total operating cost
was (110.3 EGP/Fed) when the No. of knives were (2
and 4), the forward speed was (2.86) km/h, the row
spacing was (71) ¢cm, sugar cane stalks diameter was
(2.63) cm and the cutting height was (0) cm.

Throughout the calculations of the machine operating
costs the following assumptions were used

Initial cost of the machine and the new tractor were
18150 EGP and 200,000 EGP respectively.

= Interest rate used =20%

» Repair and maintenance costs = Depreciation +
knives costs.

* Tractor power =90 hp (59.7 kW)
* Fuel price = 3.65 EGP/1
® Inflation rate = 35%

» Taxes, insurance and sheltering = 2% of purchase
price

= il costs = 15% of the fuel costs.
3.4. Labor costs

Labor charges should be based upon prevailing
wage rates. The labor cost per Feddan is inversely pro-
portional to the field capacity of the machine. Selecting
the optimum width or size of a machine minimizes the
total cost per Feddan for performing the harvesting op-
eration.

The proposed sugar cane harvesting unit needs
only one skill operator for the tractor which costs (20
EGP/h), as shown in Table 2.

4. Conclusions

It was, therefore, necessary to pay full attention to
sugary crops, especially sugar cane, to increase produc-
tivity and to bridge the gap between production and
consumption by increasing the productivity of sugar-
cane. The main problem of sugar cane plantation is the
harvesting process. The sugarcane harvesting season
lasts for 5 months in Egypt, starting in December and
ending in May.

It can be concluded that the best operating condi-
tions for harvesting sugar cane stalks to obtain the max-
imum machine performance are:

1. At row spacing = 88.75 cm, stalk diameter = 3.76 cm
and cutting height at ground level the proper ma-
chine forward speed = 4.5 km/h, knives rotational
speed =1104.9 rpm, power requirements = 46.88 kW
and field capacity = 1.3 Fed/h
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2. At row spacing = 78.89 cm, stalk diameter = 3.12 cm
and cutting height at ground level the proper ma-
chine forward speed = 4.5 km/h, knives rotational
speed = 1111.9 rpm, power requirements = 42.78 kW
and field capacity = 1.16 Fed/h

3. At row spacing =71 cm, stalk diameter =2.63 cm and
cutting height at ground level the proper machine
forward speed = 5 km/h, knives rotational speed =
1100.3 rpm, power requirements = 39.73 kW and field
capacity = 1.16 Fed/h.

The main recommendations of this study could be
concluded as follows:

1. Using four knives gave maximum working sta-
bility while using two knives lead to machine in-
stability.

4. In case the stalk diameters are greater than 3 cm
it is convenient to harvest at forward speed of 4.5
km/h to maintain the safety clutch in operation
without slipping.
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2. The sharpening angle of knives should be at
down position to reduce wear and protect it from
rocks in the soil.

3. The forward speed mustn't exceed 4.5 km/h in-
case lodging conditions of stalks.
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