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ABSTRACT Design and development of equipments to cut plant material requires some
basic data to avoid waste of energy on a wide area. In this research, the effect of some
plant and blade factors on specific cutting energy (SCE) requirements to cut sugarcane
stalk was investigated using pendulum method. A pendulum-like apparatus was designed
and calibrated. SCE in this research means energy requirement per area per dry matter (d.
m) density of section of cut (J/g.cm™). Blade factors included knife velocity and knife
angle; while plant factors included moisture content, cane cutting position from node or
internodes and maturity degree by one month of time difference. A 3-replicate factorial
experiment with completely randomized design (CRD) layout was used. Results showed
that minimum SCE of 0.21 J/g.cm™ of dry matter was obtained with a minimum knife
velocity of 1.34 m/s (P<0.05), minimum moisture content of 48% (P<0.01) and also with
lower degree of maturity (P<0.01). Knife angle and cutting position (node or internodes)
had no significant effect on SCE. Then the relationship between SCE and moisture
content was extracted.
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INTRODUCTION

Sugarcane is a powerful plant in transforming solar energy to chemical energy which
needs 8 to 24 months to mature for harvesting (6). Extracting sugar from sugarcane and
sugar beet among other plants which sugar can be extracted from is customary and
economic (10). Sugarcane stalks are cylindrical in shape and consist of some internodes
jointed in nodes (5). As nowadays sugarcane cutting is carried out by machine, a lot of
trashes remain on ground after harvesting which may be a problem for after harvest
operations such as irrigation or soil preparation for replanting and ratooning. To solve
this problem, a simple method used is to burn trashes after some weeks of drying
sufficiently which is accompanied by environmental pollution and soil microorganisms’
destruction (7). So, design and construction of a trash shredder is necessary to chop
trashes in order to turn them to soil afterward. Design and development of cutting tools
require some basic data such as energy requirement on which some effects of blade and
plant factors have to be investigated. Plant factors may be biophysical and biomechanical
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such as moisture content, variety, maturity, stalk diameter and their resistance to cutting
and bending; blade and design factors may include knife velocity, length and width of
cut, different knife angles, type of knife edge as smooth or serrated and clearance
between counter and knife edge for a support cut (8). So, the objective of this research
was to obtain optimum blade and plant factors to cut sugarcane stalk by measuring
cutting energy requirement using pendulum method. Thus a pendulum like apparatus was
designed and calibrated. In order to compare obtained cutting energy for different
varieties and also with data obtained for other materials, it is necessary to use specific
cutting energy rather than cutting energy term alone; which means energy per area per
dry matter (DM) density of section of cut as follows (2):

%m2 _%mz _J

d.m.density y ~gem’t
cm?

Blade factors include: knife angle and velocity, while plant factors include maturity,
moisture content and place of cut (node and internodes).

Materials and Methods

Samples of sugarcane stalks were provided from mostly grown CP69 variety from two
different fields with about one month difference in maturity cultivated in Debal Khozaei
agro-industry complex, Sugarcane Development Co., Khuzestan province of Iran.
Samples were packed in two layer bags and transferred to crop conditioning laboratory of
agriculture machinery department, Isfahan University of Technology and kept in
refrigerator at 7' C temperature. Two 1 cm length samples of node and two 3 cm length
samples of internodes were prepared from an area near of cut to measure mean dry matter
density of section of cut. Then samples were dried in oven at 103°C for 24 hour (ASAE
Standards, 1999). Mean weight of samples prepared were calculated. Sugarcane stalk
includes both fibres as structural material and also sugar and water bound to the sugar as
non-structural material. Separation of sugar from water at room temperature is not
possible and hardly achievable. Structural dry matter resists cutting forces and, therefore,
to compare cutting energy requirements of various plant materials with sugarcane stalks,
it is necessary to extract sugar (non-structural form of material) content from it in order to
have more accurate data (3). Samples of 5 to 6 cm long were cut and weighed, then
washed in successive baths of pure water for two weeks until almost all of the sugar was
extracted. Overall sugar content constituted about 15% of the "dry" weight of the
unwashed stalks in the form of soluble non- structural material.

Moisture content of stalks for samples prepared from near section of cut was measured
using ASAE S358.2 standard [1] at three average levels of 70%, 57% and 48% (w.b.).
Cutting energy requirement was measured using pendulum method by which energy and
knife velocity quantities in its lowest position were obtained via theoretical calculations
as follows (4):

m/s
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= knife angular velocity (rad/s)

L = length of swinging arm (m)

W, = total weight of swinging arm (N)

R = Center of gravity of swinging arm from center of rotation (m)

| = moment of inertia of swinging arm about center of rotation (kg.m?

a, = angular displacement from vertical base line in a free swing (degree)

a, = angular displacement from vertical base line after cut (degree), (Fig. 1, 2).

Knife Knife holder

Fig. 1. Schematic diagram of pendulum

Energy and velocity dissipation due to frictions must be calculated and put in above
equations using Feller (4) considerations. Three levels of 1.34, 1.61 and 1.84 m/s of knife
velocities at its lowest position and maximum speed were used in this research by
changing swinging arm angle from the vertical base line by 10° angle increment. A knife
with a specific characteristic was used by three levels of knife angle 60°, 90° and 120° by
which knife cutting edge makes with line of motion in plane of movement. Stalk to be cut
were held in a stalk holder which acted as a counter shear by 3 mm clearance from the
knife. Stalk tightened in its place firmly by a nut and bolt. Cutting occurred when the
knife reaches its lowest position from node or internodes of stalk as an influencing factor
which its effect on SCE must be investigated. Angles of swinging arm displacement were
recorded via a digital encoder connected to an indicator. Data were analyzed using SAS
statistical software (11) and analysis of variance (ANOVA) was performed to investigate
the effects of influencing factors and their interactions on SCE.
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Fig. 2. Pendulum apparatus designed and used for experiments

Results and Discussion

Expert opinion from two faculty members at IUT was sought to determine the quality of
cut as occurred during the preliminary test of the apparatus. They expressed their
satisfaction on the quality of cut and the fact that in this way all the energy was spent on
cutting action and nothing else wasted, Fig. 3.

Fig. 3. Some typical cut intersections indicate clear cutting

Results showed that knife velocity (P<0.05), moisture content (P<0.01) and maturity
(P<0.01) have significant effect on SCE, while place of cut (at node and internode) and
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knife angle have no significant effect on SCE. Analysis of variance (ANOVA) of one
factor and significant two factors of plant and blade on SCE is shown in table 1.
Increasing knife velocity from 1.34 to 1.84 m/s showed significant increase in SCE of
about 13% (Table 2). Persson (1987) states that at low velocity cutting tools, energy
requirement has no change or may have very small increase along with increasing
velocity (8). In this research this may be due to use of low velocity pendulum method
because of restrictions in design, in which friction may increase as velocity increases.
Prasad and Gupta (1975) also stated that this energy increasing may be due to the fact
that at higher velocity, the kinetic energy imparted by the impact machine is just wasted
because more energy is transmitted to the separated parts of the stalk after cutting (9).
Minimum SCE was obtained for lower velocity of 1.34 m/s which was equivalent to 0.21
Jig.cm™ (Table 1). Statistical analysis showed no significant relationship between
velocity and SCE.

Table 1. Significant blade and plant factors obtained from ANOVA for SCE

*** and "™ indicates significant difference of P<0.01, P<0.05 level and non-significant difference

Source of variation d.f F. value
Velocity(m/s) (A) 2 4.05*
Moisture content, % w.b. (B) 2 10.01 **
Maturity © 1 8.48 **
Place of cut (D) 1 0.33™
Knife angle (°) (E) 2 2.03™
BxD 2 14.27 **
BxE 4 5.86 **
CxD 1 3.95*
CxE 2 3.50 *

respectively

Decreasing moisture content from about 70% to 48% (w.b.) resulted in a decrease in SCE
of about 16% (Table 2). This may be an indication of the fact that sugarcane stalk is made
of structural material and as it dries, stalk shrinks considerably and its form changes to
woody material. Minimum SCE was obtained for lower moisture content of 48% and
equals to 0.20 J/g.cm™. Fig. 4 shows relationship between moisture content and SCE and
its extracted equation (P<0.01). Increasing stalk maturity for about one month resulted in
an increase in SCE of about 12% (Table 2). This may be due to the thick of structural
material along with increasing maturity which contributed to an increase in stalk
diameter.
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Table 2. Mean values measurement of SCE for velocity, moisture content and maturity

Treatment Mean value (J/g.cm™)

Velocity (m/s)

1.34 0.21°2
1.61 0.22°2
1.84 0.24°

Moisture content, % w.b.

70 0.23°
57 0.24°
48 0.20°
Maturity
Low maturity 0.21°%
One month high maturity 0.24°

Same and different alphabets for each treatment indicates non-significant and significant difference
respectively; according to LSD testing evaluation (P<0.05).

Interaction between knife angle and place of cut (node or internodes) with moisture
content had significant effect on SCE (Table 1) and this indicates that moisture has
effective influence on SCE when interact by two other factors. Minimum SCE was
obtained for internodes cutting at moisture content of 48% with value of 0.18 J/g.cm™
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Fig. 4. Relationship between moisture content and SCE (J/g.cm™)
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(Table 3). Furthermore, minimum SCE was obtained for knife angle of 60° at moisture
content of 48% with value of 0.17 J/g.cm™ (Table 4).

Table 3. Interaction between place of cut with moisture content for SCE

Place of cut
Moisture content, % w.b. Cutting from internode  Cutting from node
70 0.27° 0.20%
57 0.23% 0.25 %
48 0.18* 0.21"

Same and different alphabets indicate non-significant and significant difference respectively; according to
LSD testing evaluation (P<0.05).

Interaction between maturity and place of cut and also with knife angle had significant
effect on SCE (Table 1) which indicates that maturity has effective influence on SCE
when interacts with two other factors. Minimum SCE of about 0.20 J/g.cm™ was obtained
for lower maturity interacted with internodes cutting (Table 5) and also 0.19 J/g.cm™
when interacted with 60° knife angle (Table 6). Interaction between three factors of
moisture content with place of cut and knife angle also had significant effect (P<0.05) on
SCE, while minimum SCE of 0.14 J/g.cm-1 of dry matter was obtained for minimum
moisture content of 48%, cutting from internodes and minimum knife angle of 60 degree
which is not shown and discussed here .

Table 4. Interaction between knife angle with moisture content for SCE

Knife angle (°)

Moisture content, % w.b. 60 90 120
70 0.27° 0.20% 0.23 Ped
57 0.21° 0.25 0.26 %
48 0.17°2 0.20® 0.22 ¢

Same and different alphabets indicate non-significant and significant difference respectively; according to
LSD testing evaluation (P<0.05).
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Table 5. Interaction between place of cut with maturity for SCE

Place of cut
Maturity Cutting from internode  Cutting from node
Low maturity 0.20° 0.22°4
One month high maturity 0.25° 0.23%

Same and different alphabets indicate non-significant and significant difference respectively; according to
LSD testing evaluation (P<0.05).

Table 6. Interaction between knife angle with maturity for SCE

Knife angle (°)

Maturity 60 90 120
Low maturity 0.19° 0.21% 0.23"
One month high maturity 0.25°¢ 0.22 " 0.24 "

Same and different alphabets indicate non-significant and significant difference respectively; according to
LSD testing evaluation (P<0.05).

Conclusions

Knife angle of 60°, knife velocity of 1.34 m/s, moisture content of 48% (w.b.), lower
maturity and internodes cutting are some blade and plant factors which contributed to
lowest SCE for cutting sugarcane stalks. These data may be used for design and
development of cutting mechanisms intended to cut stalks situated in a support cut state
of operation, such as cutting sugarcane in a field where ground forces hold stalks firmly.
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