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ABSTRACT

Sugarcane node cutting machine was manufactured and tested in the department of Agronomy, Faculty
of Agriculture, EI-Minia University, EI-Minia, Egypt, to facilitate the process of cutting nodes that are used in
transplanting sugarcane, the machine parts were designed using “SolidWorks” software, and then manufactured
and constructed by using the low-cost available materials in local markets. The machine is used to separate the
nodes from the sugarcane stalks and leave the internodes for industrial processes. The machine consists of
reciprocating blades powered by a 3-phase AC motor. Field experiments were conducted for four groups of stalk
diameters to study the effect of stalk diameters and cutting speeds on the machine performance. Results of the
field tests for C9 sugarcane variety showed that the average diameter (cm), stalk weight (g), stalk length (cm),
and the number of nodes per stalk of the tested samples ranged from (1.38 to 3.28 cm), (405.11 to 1206.67 g),
(181.67 t0 197.78 cm), and (12.56 to 14.33), respectively. Also, the results showed that the cutting efficiency was
ranged between (83.67— 100%), maximum machine productivity was 3944 node/ha and the total operating cost
ranged between 55.07 to 115.96 EGP/Fedd according to the cutting speed and stalk dimeters. It could be
concluded from this study that the designed node-cutter prototype is profitable, handy and cost-effective to assist

small-scale sugarcane farmers under Egyptian conditions.
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INTRODUCTION

Sugarcane represents the main cash crop in Upper Egypt.
The cultivated area with sugarcane is estimated to be over
300,000 Fedd with an average production of 48 t/Fedd and total
production may reach 16 million tons per year (Elwakeel, 2017;
Zein El-den et al., 2020a; Zein El-den et al., 2020b). Sugarcane
planting and mechanization are the development trend of the
industry (Yadav et al., 2003). Sugarcane is planted commercially
using stalk cuttings or setts (25-30 cm stalk pieces having 2-3
buds each). This method is gradually becoming uneconomical as
the cost of seed cane used for replanting accounts for over 20 %
of the total cost of production. In the conventional system
prevailing in Egypt, about 5 — 6 t of seed cane /feddan (1 Fedd =
4200 m?) is used as planting material. This large mass of planting
material imposes hardship in transport, handling, and storage. It
also undergoes rapid deterioration that could reduce buds’
viability and subsequently their germination percentage in the
field (Narasimha, 1977; Galal, 2016). An efficient and
reproducible protocol for the regeneration of plantlets at a high
frequency was developed by using sugarcane buds (Vazquez
Molina, et al., 2014). In the traditional planting method, great
human force, and a high volume of sugarcane stalk in hectares
are required (Phapale et al., 2017). Transplanting the healthy
seedlings of the sugarcane in the permanent field gave a high cane
yield (60.96 t/Fedd), which was 10.96 % higher than that of
conventionally planted sugarcane crop (54.94 t/Fedd) (Ahmad et
al., 2020). It has been observed in rural areas that most of the
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sugarcane buds cut are done manually. This consumes a lot of
sugarcane and time to cut the buds (Pujar et al., 2017; Patil et al.,
2018).

Bosoi et al. (1996) reported that the sugarcane cutting
force depends on the physical and mechanical properties of
the sugarcane stalk. EI-Nakib et al. (1996) performed tests on
the Egyptian sugarcane variety C9, and they found that the
average diameter of the stalk was 2.3 cm, and the cane stalk
hardness was 775 N. Abdel-mawla et al. (2014) made an
experiment and they found that the average measurements
during five years as follow: Average stalk diameter ranged
between 2.2 to 2.7 cm, average stalk weight ranged between
0.79 to 0.86 kg, and Average cutting force ranged between
840 to 886 N. Elwakeel (2017) and Zein El-den et al. (2020)
reported that the average cutting force for Egyptian sugarcane
variety C9 was 863 N when the average stalk diameter was
2.45 cm. The objectives of this research were therefore to:

1- Determine the physical properties of sugarcane (C9 Variety).

2- Manufacture and construct a prototype sugarcane seed
cutting machine to reduce the human effort to cut the buds
from the sugarcane stalks for sowing purposes.

3- Testand evaluate the performance of the machine in the field.

4- Make an economical evaluation of the machine.

MATERIALS AND METHODS
Materials:
To achieve the proposed objectives for the current
work, an experimental sugarcane seed cutting machine was
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manufactured at a local workshop in EI-Minya
governorate - EI-Minya - Egypt, 2021. This experimental
machine was designed for cutting on both sides as well as
to be compatible with a wide range of stalk diameters and
cutting speeds, as shown in Fig. (1).

Figure 1. Isometric view of the prototype sugarcane
seed cutter machine.
Description of the experimental sugarcane seed cutting
machine:
The entire experimental sugarcane seed cutter was
subjected to standard design methodology. The machine
consists of three main parts: machine frame, cutting

system, power supply, as shown in Fig. (2).

Rotary Arm
H AC Motor

Figure 2. The main components of the prototype
sugarcane seed cutter machine.
1. Machine frame:

The machine frame support and carry out the cutter
bar, electrical motor, and power transmission system, as
shown in the detailed views Figure No. (3). the machine frame
was constructed out of both angle bars (3*2*0.25 in
[6.72*5.08*0.635 mm]) and rectangular tube (3*2*0.25 in
[6.72*5.08*0.635 mm]). The machine frame's main
dimensions are 80 cm in height, 165 cm in length, and 60 cm

in width.
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Figure 3. Detailed views of the experimental machine.
2. Cutting system:
The cutting system consists of two main parts, a

cutting bar, and a fixed fork. The cutting bar is used for cutting
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sugarcane stalks (Fig. 4), and it is welded at the top of the
machine frame. The cutter bar slips on the upper surface of
the machine frame using two sliding bearings for minimizing
the friction forces and also maintaining the cutting directions
for increasing the cutting efficiency.

The cutting bar consists of two groups of blades, one
for each side and each group contains two stainless plates of
steel blades 12 cm in length * 8 cm in width * 0.2 cm in
thickness with 3.5 cm spacing between them because of the
desired cutting nodes was 3.5 cm, as shown in Fig. (4). The
cutting force of the blades is provided by a connecting rod and
rotary arm that are used to convert the rotary motion of the
AC motor to reciprocating motion for the cutting bar.
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Figure 4. Detailed views of the cutting system.
3. Power supply:

The experimental sugarcane seed cutting machine is
powered by a 3-phase electrical AC motor (0.55 kW). The
specification of the electrical motor is indicated in Table (1).
The rotational speed of the AC motor was reduced from 360
rpm to 56 rpm by using a gearbox.

Table 1. Specification of the power supply (3-phase
electrical AC motor.).

Type WAS30DT80KA/ASD1 (Germany)
Speed 360/56 rpm

Current 305-175A

Power 0.55 kW

Gearbox reduction ratio 20:1

Output Torgue 93.3N.m

The power transmission mechanism (Fig. 5) is
provided with a rotary arm that has three holes with spacing
7,4, and 4 cm from center, between each one for controlling
cutting force and linear speed of cutting bar, and the rotary
arm was fixed with the electrical motor. The cutting force and
speed can be changed by adjusting the connecting rod
between the electrical motor and the cutting bar for the
suitable rotary armholes, so as to control the cutting force and
speed of the cutting bar, as shown in Table (2).
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The tabulated data in Table (2), showed the linear
speed and cutting force for the cutting bar at each gearbox
rotational speed, where the values presented in the same table
were calculated mathematically with neglecting the friction
force.

Table 2. The linear speed, cutting force, and cutting stroke
for each speed.
Speed Cutting Force, N Linear speed, m/s

Cutting Stroke, cm

S1 1341 041 7.00
S2 853 0.65 11.00
S3 626 0.88 15.00

Machine description and performance:

The labor holds the sugarcane stalk and moves it until
the node became between the cutting blades and the fixed
fork, after connecting the machine with the 3-phase power
supply then the labor presses the switch bottom that switch on
the electrical motor and create the reciprocating motion of the
cutting bar when the cutting bar strongly presses the
sugarcane stalk and cut the node with the shear force. The
labor repeats this action to continuously separate the nodes.

After cutting all nodes, nodes and internodes still on
the ground surface under the machine as shown in Figures (6
and 7), the labor after that separates all nodes for the planting,
and the internodes are still malleable and could be used for
juicing or sugar distillation process. Sugarcane nodes of
commercial variety C9 separated by the seed cutting machine
were planted in plastic trays in a greenhouse as shown in Fig
(8), on 12 September 2021, in the Research Farm -

Department of Agronomy — Faculty of Agriculture — El-
Minia University - EI-Minia - Egypt.
{ l‘ i %

Figure 7. The experrmental machrne after testing with
nodes and internodes underneath.

Flgu re8. Plantrng the separatronnodes in plastrc trays ina greenhouse

Methods:

Performance Tests and Evaluation of proposed
sugarcane Node cutting unit:

The prototype sugarcane seed cutting machine was
tested in the department of Agronomy — Faculty of
Agriculture — EI-Minia University - EI-Minia - Egypt.

Field tests were carried out in order to:

v’ Evaluate the physical characteristics of the clean whole
sugarcane stalks.

Estimate the machine performance in terms of:

Machine productivity, Node/h.

Cutting efficiency, %.

» Operation cost, EGP/Fedd.

Experiment design:

Field tests were conducted to evaluate the
performance of the experimental unit by studying the
following variables:

I. Stalk diameters: (G1, G2, G3, and G4) group.
Il. Blade (cutting) speed: (S1, S2, and S3) speed.
1. Machine productivity:

The machine was operated by experienced laborers.
The nodes and timed consumed were estimated for each
whole stalk, then the machine productivity (Q) was computed
as No. nodes/h, by using the following equation, (Mahmoud
and Abu El-maaty (2021):

XN
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2o

A

D3

Q = Nbactwal / t

Where: Nbycq = Actual number of buds per minutes at time t, (h).
2. Cutting efficiency:

The cutting efficiency () was determined after
cutting each whole stalk. The nodes were then separated into
those that were completely cut correctly, and those that were
cut incorrectly or not cut. The cutting efficiency was
calculated according to the following formula (Zein El-den et
al., 2020; Mahmoud and Abu El-maaty, 2021):

7= Nc/ Nt X100

Where: N; = number of nodes completely cut.
N = the total number of sugarcane nodes per the whole stalk.

3. Cost estimation of owning and operating the proposed
machine:

Formulas developed by the American Society of
Agricultural and Biological Engineers (ASABE) are used to
calculate the operation costs for the experimental machine.
All costs are based on buying a new proposed prototype of the
sugarcane seed cutting machine, owning the machine for 5
years, and using it 150 hours per year.

4. Statistical analysis:

The statistical analysis was carried out using IBM
SPSS statistics 25, PC statistical software. Each experiment in
triplicate repeated and the values presented in terms of
standard division (z) (Sanchez-Hermosilla et al., 2011).
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RESULTS AND DISCUSSION
1. Physical properties of sugarcane stalks:

Physical properties of sugarcane stalks that affect
mechanical cutting were measured from the average of four
random sampling groups, as shown in Fig. (9), in Center of
Experiments and Agricultural Research, Faculty of
Agriculture, EI-Minia University, and sugarcane farm that all
grow sugarcane variety C9.

1* Group samples

2" Group samples 4" Group samples

Figure 9. Four groups of sugarcane stalk sampled with
different diameters.

Tested samples of 36 whole stalks had taken
randomly after cleaning and branching. The cleaned stalks
were divided into four groups depending on the stalk
diameters, as shown in Table (3). Table (3) and Fig. (10),
show the average diameters of the experimental sugarcane
stalks at a different position in the whole stalks.

Table 3. The average diameters of the experimental
sugarcane stalks at a different position in the

stalks.
Stalk diameter, cm

Group No. Node location on the stalk

Bottom Middle Top
Gl 1.48 1.39 1.30
G2 2.00 1.93 1.79
G3 2.69 2.63 247
G4 343 3.29 311

400 —=— Bottom

—— Middle

a2
/ ! Top
3.00 ~

E 3.
S
z
g 250
=
S /
= 2
! -
w
1.50
100 G1 G2 G3 G4
Group No.

Figure 10. The average diameters of the experimental
sugarcane stalks at a different position in the
stalks.

Table (4) and Fig. (11), show average values of
physical properties of clean sugarcane stalks. The average
diameter of branched stems ranged from 1.48 to 3.43 cm
depending on the stalking group at the base and ranged from
1.30 to 3.11 cm at the top.

Table (4) and Figures (11 and 12), illustrates average
values of physical properties of clean sugarcane stalks. The
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average stalk diameters were ranged from 1.38 to 3.28 cmand
the average weight of branched stems were also ranged from
405.11 to 1206.67 g. The length of branched stems ranged
from 181.67 to 197.78 cm and the Average Number of nodes
per stalk were ranged from 1256 to 14.33 node/stalk
depending on the testing group.

Table 4. Average values of physical properties of sugar

cane stalks.

Group No. Average stalk Average Average Average No.
No of  Diameter, Stalkweight, Stalk of nodes per
" Stalks cm gm length,cm  stalk
Gl 9 138+0.15 40511+7708 18167+1576 1256+194
G2 9 191+0.11 80200+15490 18567+2560 12.89+3.06
G3 9 260+0.20 101967412254 19256+1766 14.78+2.22
G4 9 328+0.18 120667+21883 197.78+1922 14.33+2.18
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Figure 11. The average stalk diameters and stalk weights
of the experimental groups.
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Figure 12. The average stalk length and number of nodes
of the experimental groups
2. Separated nodes properties:

The measurements of separated nodes after a
separation show that the average node weight percentage
ranged from 24.73 to 30.77 % of the total average weight of
the nodes. There is a little difference in the percent of the
average weight of nodes between the different groups under
testing.
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Figure 13. Average weight of nodes for each stalk for each
group.
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3. Cutting efficiency:

Table (5) and Fig. (14), represent the effect of cutting
speed on cutting efficiency. Results show that the highest
cutting efficiency (100 %), and was observed in the first
group, which includes the average sugarcane stalk diameters
1.38 + 0.15 cm for all cutting speeds. On the other hand, it
was found that increasing the cutting speed and average stalk
diameters led to decrease the cutting efficiency for all groups.
Many reasons led to a decrease in the cutting efficiency, such
as small cutting stroke led to miss some feeding times and
increase the time required for cutting the whole stalk and
decreasing the available cutting force led to uncut some nodes
and sometimes machine stopped (Elwakeel, 2017; Mahmoud
and Abu El-maaty, 2021). Various types of nodes damage
during machine testing, as shown in Figure (15), included
broken nodes, diseased nodes, and damaged nodes as a result
of human error in feeding.

Table 5. The prototype performance at different stalk
diameters and cutting speeds.

. Average  Cutting Machine  Operation
N %ﬁg&g Weightof Efficiency, Productivity, ~ Cost
) Nodes, % % node/h EGP/Fedd
S1  2473+293 100.0+0.00 3857+309.1 56.31
Gl S2  2620+582 100.0+0.00 2268+184.2 95.77
S3  2961+232 1000+0.00 1972+81.30 11014
S1  2453+187 9647+000 3656+214.6 5941
Gl S2 2807215 9721+305 2610+2456 8322
S3  2687+538 1000+00 2015+1252  107.79
S1  30.77+360 9467 +4.04 3944+390.8 5507
Gl S2  2733+332 9522+6.25 2178+88.20 99.72
S3  3030+081 9767+4.04 1873+1499 11596
S1  2803+280 8367+351 3820+491.8 56.86
Gl S2  27.03+350 8467 +851 2354+263.0 9227
S3 2843+222 89.12+400 1895+187.7 5731
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Figure 14. Effect of cutting speed on the cutting efficiency.

VA

Figure 15. Different types of nodes damage during
machine testing.
4. Machine productivity:
The machine was operated by experienced laborers
and the consumed time was recorded, for cutting three stalks
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for each group at each cutting speed. The separated nodes
were counted then the machine productivity was computed as
node/h. The maximum production of the machine under the
conditions of the test was about 3944 nodes/h for the third
group & first speed. Table (5) and Fig. (16), show the results
of machine operation. It could be noticed that the machine
productivity was decreased with increasing the cutting speed
where the highest machine productivity was recorded for the
first speed while the lowest machine productivity was
recorded for the third speed (Elwakeel, 2017; Mahmoud and
Abu El-maaty, 2021).
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Figure 16. Effect of cutting speed on the machine

productivity.
5. Operation cost:

Results in Table (5) and Fig. (17) show that increasing
total operating costs from (55.07 to 115.96 EGP/Fedd)
decreases the machine productivity from (3944 to 1873
node/h).
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Figure 17. Effect of cutting speed on the operation cost.
CONCLUSION

Sugarcane seed cutting machine is used to cut nodes
(buds or eyes) from sugarcane which can be used as seeds for
planting purposes to beneficially help farmers to grow
sugarcane to reduce wastage of sugarcane when planting
again. The main purpose of this study was to design and
produce a prototype node cutter suitable for working under
Egyptian conditions.

The main recommendations of this study could be

concluded as follows:

1.Using the first cutting speed gave maximum machine
productivity and minimum total operation costs for all
sugarcane stalk diameters.

2.Increasing the cutting speed and average stalk diameters led
to a decrease in the cutting efficiency for all sugarcane stalk
diameters.

To sum up, the main contribution of this paper is to
design and field evaluation of a sugarcane node cutting
machine, which can save time, reduce labor intensity, and be
safe and stable. It can provide a reference for the design and
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development of a sugarcane node/bud cutting system. The
cutting equipment can meet the agricultural needs of
sugarcane seed production.

Declaration of Competing Interest:

The authors declare that they have no known
competing financial interests or personal relationships that
could have appeared to influence the work reported in this
paper.

REFERENCES

Abdel-Mawla, H. A. 2014. State of the art: Sugarcane
mechanical harvesting-discussion of efforts in Egypt.
International Journal of Engineering and Technical
Research (IJETR) ISSN: 2321-0869, 2(11): 57 — 68.

Ahmad, M.1.M,, Galal, M.O.A., Osman, M.A.M., Yousif,
E.M.M. 2020. Prototype of sugarcane bud chips
cutting machine for nursery planting. Egypt
Journal of Agricultural Research, 98 (2): 473-487.

Bosoi, E.S., Verniaev, O.V., Smirnov, l.l., Sultan-Shakh,
E.G. 1996. Theory, Construction, and Calculation of
Agriculture  Machines, Volume Two. AA.
Balkema/Rotterdam: 323-347.

El-Nakib, A.A., EI-Sahrigi A.F., Abd EI-Mawla, H.A. 1996.
Physical properties of sugar cane: their relation to
mechanization. MSAE exploration of modem tech. In
the field of Agric. Eng. 4™ Conference of Misr Society
of Ag. Eng., 13(4): 63-78.

Elwakeel, A.E. 2017. Design and manufacturing of a sugar
cane harvester suitable for smallholdings. MSc
Thesis. Agricultural and Biosystems Engineering
Department, Faculty of Agriculture, Alexandria
University.

Galal, M.O.A. 2016. A new technique for planting sugarcane
in Egypt. IOABJ. 7 (4), 15— 21.

Mahmoud, W.A., Abu El-maaty, A.E. 2021. Development
of a machine for cutting sugar cane buds. Misr
journal of agricultural engineering. 38 (4), 267 —
278. DOI: 10.21608/mjae.2021.93569.1044

Narasimha, R.G. 1977. Chip bud method. The Hindu, July 9,
1977.

Patil, R.S., Patil, D.B., Patil, D.M., Khandagale, S.B. 2018.
Cam operated sugarcane bud cutting machine.
International Research Journal of Engineering and
Technology (IRJET). 5 (10), 140 — 147.

Phapale, S., Tamboli, A.A., Shinde, D.L. 2017. Design and
fabrication of sugarcane node cutting machine.
IJSDR, 2 (6), 151 — 156.

Pujar, H., Banakar, P.D., Vinay, V.N., Revanasiddeshwara,
V. 2017. Sugar cane bud chipping machine.
International Journal of Core Engineering &
Management. Special Issue, 201 — 207.

Sanchez-Hermosilla, J., Rincon, V.J., Paez, F., Agiiera, F.,
Carvajal, F. 2011. Field evaluation of a self-
propelled sprayer and effects of the application rate
on spray deposition and losses to the ground in
greenhouse tomato crops. Pest management
science, 67(8), 942-947.

Vazquez Molina, D.E., Santos, A.D.L., Guzman, K.A.L.,
Mupiz, O.S., Méndez, M.V., Rosales, R.R., Llaven,
M.A.O., Dendooven, L., Gutiérrez-Miceli, F.A. 2014.
Sugar cane buds as an efficient explant for plantlet
regeneration. Biologia Plantarum, 49 (4), 481-485.

Yadav, R., Yadav, S., Tejra, R.K., 2003. Labor-saving and
cost reduction machinery for sugarcane cultivation.
Sugar Tech. 5 (1-2), 7-10.

Zein El-den, A.M., Ahmed, S.F., Hanafy, W.M., Elwakeel,
A.E. 2020a. Review of some parameters related to the
base-cutter of sugarcane harvesters. Misr Journal of
Agricultural Engineering. 37 (4), 325 — 330.

Zein El-den, AM., Ahmed, S.F., Hanafy, W.M., Elwakeel,
A.E. 2020b. Fabrication and test of a tractor-front-
mounted two-row sugarcane harvester. Misr Journal
of Agricultural Engineering. 37 (4), 331 — 344.

Sl Cuad i @h’tﬂa‘i 9\4‘\1\&,\#\9@3‘4’3

5 4 e llae dgaaa alu S ghaih la gllae gl Zouall () Saa Alllae F10S gl A gl Alllae

Siana Ao daa Cpus

e — ) el Aaala — Lppal) 3 ) gall g A 30 A0S - Ao 31 Aatigh) anid 1

JAA_L'JA:\S«.A\‘J\KJ.AL?_KS\J‘}S\%-#\J}\hw\ﬁéz

H_WHJ.AL;—KSU‘}S\Z@S-QMM\”@3
raa—5_alal deala — o3l Aulg 4
saa— a3 daals — o) 3 A bl andS

4.\&5 du@\e&@u)bab)&ﬂ\umsdscb\m:\l\ﬁ.\uﬁacd;u&\m)h)&ﬂ\u*asmb)éumldﬂ\ckmwJA@....ud;\

m\wa\ﬂ\e\whwjdy‘ea@‘uuas(SO"dWOI’kS)@b}&d}.\u\;ﬁhﬂ\‘d&\ “‘P‘M?‘H Litall — Lol dads — 4l 3l
AT SIS f i (e (ST AN il ¢ \HM\M&}_‘“MU@}\@M?MW\ slndl sl a5 sidl g
Jajchsﬂuh:y&u\.u)S.J\u..asuhr_Ju‘wdmubwwj\écw\uj;ﬂ\;\ﬁ| )}H‘@)J@‘)GSJPQALG_\SP&L!M}“SP
ol ] Jstal 5 ¢35l SUSEY) ae s (o, CO Sad) o il JTin) LR il sl A el e i) e pun g lasall U1 853 50 Jal ge
«(p>1206.67 — 405.11) (r'u.&3287]38)L)AC}‘)MUISM‘QM‘L}AJSMMA}DLNM‘}‘PC‘)AS‘JACLMJMJL‘S})L\AY\@MM\
50 L il RS S deLyAlie 3044 oS A Al 558 bl of el L il Nl e (14.33 — 12.56) 5 (e 197.78 — 181.67)
&k Y aaead) Y1 3 sl o) Y S Rl all 038 (g Sl Cau (e )ui}w\ el Ao yud s cliasia 115.96 N 55.07 om s ol 58
Ayl lal s (Sl ual e )l e i Bao Lo AISH) G (g Jlad 5 ke s gy po S sl Jic

el (ol Y L) Jn) kel ¢ Sl Gl s Lalidalf clalSt

1\:‘& 1\“ l\”\

748



