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Abstract: A pendulum type impact shear test apparatus was designed and constructed to measure the energy
required for cutting paddy stem. Experiments were camied out to determine the optimum values of
blade bevel angle, oblique angle, tilt angle and blade cutting velocity for cutting paddy stem of Sepidrood
variety. The results show that blade bevel angle of 28°, oblique angle of 30°, tilt angle of 35° and blade velocity

of 2.24 m sec™" are optimum.
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INTRODUCTION

Measurement of cutting energy 1s considered to be
an important criterion for comparing the effectiveness of
any cutting system. The principle of operation of the
cutting element employed m any harvesting tool or
equipment can be broadly classified inder two categories,
(1) cutting by impact and (2) cutting by a counter- edge.

Swinging type manually operated tools like long-
bladed hoe, cradle, scythe and power-operated rotary
harvesters are some such devices were crops are severed
by impact.

Researchers, in general, agree that in impact cutting
the energy consumed to overcome the shearing resistance
of the stem 1s equal to the energy required for quasi-static
cutting plus the energy expended in overcoming friction.
Chattopadhyay and Pandey (1999) mvestigated the
mechanical properties of sorghum stem. They found
that the specific cutting energy increased from
34.1 to101.1 mJ mm™ at the forage stage and from 36.5 to
142.7 mJ] mm™ at the seed stage when bevel angle was
mcreased from 30 to 70°. Ryvkin and Nuller (1994)
developed a 3D model for the cutting of cellular elastic
materials by a rigid triangular cutter. They modified the
numerical model with the experimental data and suggested
optimum values for blade different parameters. Rajput and
Bhole (1973) reported that force and energy requirements
in impact cutting of paddy were lowest with a 30° blade
bevel angle. Visvanathan et al. (1996) suggested that the
specific cutting energy of the tuber was a mimmum for
cutting velocities in the region of 2.5 m sec™, shear
angles of 60 to 75° and bevel angles of 30 to 45°.
Summers et al. (2002) found that cutting energy per stem
decreased as the number of stems cut increased. Also
results were compared against field measwrements of
operating sickle cutters used for on-combine stubble

cutting. Theoretical power required for cutting the stems
amounts to only 5-15% of total cutter power do to other
factors relating to increased machine friction and cutting
force.

The purpose of this study was to determine various
optimum blade parameters which might be helpful in
determining design parameters for a rice harvester.

MATERIALS AND METHODS

Apparatus: A pendulum impact shear test apparatus
(Fig. 1) was used in this study. A cutting blade is attached
to the end of the pendulum arm and this arm is dropped
from various heights by releasing a spring loaded lock.
The cutting is performed when the blade is in its lowest
position. A pointer is connected to the end of the shaft
and indicates the position of the swinging arm on a round
scale divided into degrees. To obtain different cutting
velocities of the blade, the pendulum arm was released
from different angular positions. Stems positioned in the
wooden stem holder directly beneath the lowest position

of the blade.

Terminology: Blade bevel angle is the angle of the bevel
edge of the blade. The blade may be beveled on one side
or both sides.

Blade oblique angle is the angle the edge of the blade
makes with the normal to the direction of the motion of the
blade.

Blade tilt angle 1s the angle the plane of cut makes
with the longitudinal axis of the stalk.

Energy required for cutting: When the pendulum arm 1s
in the equilibrium position the potential energy is zero.
But when it is raised to an angle, 8 with the equilibrium
position, the potential energy stored 1s given by;
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Fig. 1: Impact cutting tester
E =WR(1-ccs8) (H

If the pendulum arm is released from 0, in the absence
of cutting, moves through an angle 0, on the other side of
the equilibrium position. Then the energy lost due to
friction and air resistance by the pendulum will be:

E; = WR[(1-c0s6)—(1-cosb,)]
E; = WR(cosB, — cos9) (2)

When a blade is attached to the pendulum arm it will
cut the stem and move through an angle, 0. on the
upswing after cutting. The energy utilized in cutting the
stem E_ is the difference between the initial potential
energy, E, and the potential energy available in the
pendulum arm after cutting, E, and the energy lost in
friction and air resistance, E;. This is expressed as:

E =E -(E +H,)
E, = WR(cosO, —cos0,) (3)

The velocity of the blade at the equilibrium position
was calculated by equating potential energy and
rotational kinetic energy as given below:

1
WR(1-cos0) = Elwz @

If L is the distance between the center of the blade
and axis of the rotation, the peripheral velocity of the
cutting blade, V, at its lowest position is given by:

o [2WR(l-cosf)
V. =l = /fL 5)

Experimental techniques: The experiments were
conducted on Tranian local wvariety of Sepidrood
grown in experimental field of Agricultural Faculty
in August 2006 in Sari, Iran. Samples of the stem
were cut from the ground level and brought to the
laboratory in sealed plastic bags and were tested on
the day of harvesting. Moisture content of the stem
was determined by drying samples in an oven at
80°C for 24 h and was expressed on a wet basis. The
blade bevel angles were 18, 23, 28, 33 and 38°. The various
tilt angles selected for the study were 15, 25, 35, 45 and
55°. Five different oblique angles were 10, 20, 30, 40 and
50° The cutting velocities used in the experiments
were 1.6, 2.24, 2.67 and 3.2 m sec™". As the size of stem
varies, the cutting energy was calculated per unit area
of the cut stem measured over the cutting plane and
express as specific cutting energy. In all cases the cross-
sectional area of the cut stem was determined by a
micrometer. All the experiments were replicated three times
and the averages of the calculated specific cutting energy
are reported.

RESULTS AND DISCUSSION

In this study, experiments were conducted on
different blade parameters such as, blade velocity, blade
bevel angle, blade oblique angle and tilt angle.

Figure 2 shows measurements for specific cutting
energy at different blade velocity, blade bevel angle,
blade oblique angle and blade tilt angle. The minimum
value of specific cutting energy for each parameter is the
optimum value that we can use in our harvester cutting
mechanism design.
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Effect of cutting velocity: The specific cutting energy was
a minimum at a velocity about 2.24 m sec™. Tt increased at
a blade velocity less than 2.24 m sec™ and increased
sharply when the velocity was increased beyond it
(Fig. 2b). This may happen due to the fact that at lower
velocities, impact is too less to sufficiently fail the stem
and hence energy requirement is increased. At the higher
velocities, the mcrease i the specific cutting energy may
be owing to the kinetic energy imparted by the pendulum
to the separated parts of the stem after cutting.
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