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Abstract

Cutting force required to cut a stalk of fruit is determined experimentally and method of experimentation is discussed in the
paper. Harvesting of fruits is carried out by various methods viz. jerking, by hands or by mechanization etc. Fruit harvesting by
severing the stalk has its own advantage. The method presented generates the cutting force and cutting torque data for stalks
which is useful in designing harvesting tools. Present experimentation carried out is limited to stalks of fruits mango, guava,
custard apple and stalks of a vegetable drumstick. This experiment may be applied to generate the cutting force and cutting
torque data required to sever branch tips and small stems which will be useful in developing optimum design of secateurs and
trimming scissors etc. for garden tools.
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I. INTRODUCTION

Harvesting of fruits is an important operation in agricultural sector. It plays a vital role in generating revenue to farmers and
justifies their efforts and investments. A. M. J. Robbins [3] classified harvesting process as 1. severing complete branches, 2.
severing branch tips or 3.severing stalks or peduncles of fruit. K. F. Sanders [5] developed a citrus harvesting machine which
twists citrus by gripping it between flexible discs. The torque data could be useful in developing optimum machine. Among
various harvesting operation severing stalks of fruits is more appropriate as it avoids damage to fruit [3] in other words cutting
fruits with stalk is advantageous. Some of the fruit secrete fluid if detached at the junction of fruit and stalk which may be
injurious to humans and may directly or indirectly affect the harvested fruit e.g. fluid named latex is secreted by mango which
affects mango by causing latex burns or creating a sanding effect on adjacent mango when stored together [4]. Therefore cutting
stalk will avoid this problem of damage. The experiment is designed with a motive to add optimization of tools or machines. In
the present experimentation five stalks of each fruit viz. mango, guava, custard apple and five stalks of drumsticks are used as
specimens. This experiment is significant since design and development of fruit harvesting equipment gets initiated with the
cutting torque or cutting force data. The practical data is valuable in deciding the profile of shear blades. Profile of shear blades
reduce force required for severing when combined with slicing action [1]. Developing agricultural tool is truly an
interdisciplinary task. The basic data of cutting force is essential which is remained untouched in development of tools.

I1. EXPERIMENTAL DETERMINATION OF CUTTING FORCE

The design of tool gets initiated with cutting force required to sever. The force required to sever stalks of fruit is not readily
available. Therefore it becomes necessary to determine the cutting force experimentally. To achieve the purpose an experiment is
designed. The setup of experiment consists of

—  Cutter

— Wooden block

- Apan

— Standard masses

—  Stalk samples

111.SETUP

(1) A groove is cut on one surface of the wooden block approximately to a depth of arm of cutter. The curve of groove
resembles nearly to the curve of cutter arm.

(2) The purpose of groove is to add constraint on cutter and lock the rotation of cutter.

(3) Anarm of the cutter is fixed in the groove of wooden block. The second arm is free to rotate about revolute joint of the
cutter.
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(4) The cuter and wooden assembly is fixed on table with a nut bolt.

(5) Plywood pan is suspended with the help of string tied to free arm of cutter. Pan serves the purpose of holding the mass
loaded in steps until the stalk gets cut.

(6) The entire setup of the experiment is as shown in following fig.1

Fig. 1: Experimental Setup

IV.PROCEDURE

(1) Five stalk samples of each fruit are used to determine the cutting force.

(2) Once the stalk is fed standard masses are loaded in the pan step by step.

(3) Standard mass of 200gm, 50gm, 100gm etc. are added step by step.

(4) The load at which the stalk gets cut into two is recorded.

(5) Above steps 2 to 4 are repeated for each sample stalk.

(6) Force (F,) obtained is at the point where string is tied to the free arm of cutter and not the actual cutting force.

(7) Force (Fp) is sum of weights of standard mass in the pan, weight of the pan, weight of the free arm of the cutter
(approximately determined as half of the cutter weight).

(8) In order to estimate the actual cutting force (F.) the cutting torque (T,) is to be calculated.

(9) Cutting torque (T.) is torque applied by cutter, weight system shown in fig. 2.

(10) Stalks of different agricultural products (mango, guava, custard apple, drum sticks) are fed into cutting portion of the
cutter as shown in fig. 2

(12) It should be noted that arm weight and weight of pan are constant throughout the experiment.

(12) Cutter used in the experiment is weighed on electronic weighing machine and arm weight is considered to be half of
weight of cutter.

(13) On the same weighing machine mass of pan is measured.

Fig. 2: Fruit Stalks Fed Into Cutter
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Force F, given as below
B =Ws + W, + W, @)

Where

W, = standard weight (m x g) recorded (N)
W, = pan weight measured (N)
W, = arm weight measured (N)
Sample calculation:
A sample calculation to determine F, is presented as follows.
Mass in the pan (m) = 690 gm

m = 0.69 kg
~ Wy =0.69 x 9.81
.~ W, =6768N

mass of cutter
a -_—

0.215
W, = > X 9.81 =1.054 N

W, = mass of pan X g
W, = 0.083 x9.81 =0.814 N
Substituting values of W,, W,, and W; in equation (1)
F, = 6.768 + 1.054 + 0.814
F, =8.636 N
T, = E, X lg (effective moment arm)
T, = 8.636 x 0.1914 = 1.653 Nm

Cutting force required to sever (F¢)

Te
F. =
¢ (effective moment arm on cutting side)
Fo = L1653 _ 52.145 N
_ _ ¢©70.0317 7 _ o _
Cutting torque and force for each sample specimen of experiment is calculated and is as given in following table 1.
Table - 2

Cutting Force For Stalk Samples

Specimen of | Samples | Mass in pan (gm) | W3 (N) | Fp (N) | T.(Nm) | F. (N)
S1 650 6.376 8.244 1.577 | 49.747

S, 690 6.768 | 8.636 | 1.653 | 52.145

S3 610 5.984 7.385 1413 | 44574

Mango S4 670 6.572 | 8.440 | 1.615 | 50.946
Ss 640 6.278 | 8.146 | 1.559 | 49.179

M 490 4.806 6.674 1.277 | 40.284

S, 460 4.512 6.380 1.221 | 38.517

Guava S3 460 4.512 6.380 1.221 | 28.517
Sy 340 3.335 | 5203 | 0.995 | 31.388

Ss 390 3.825 5.693 1.089 | 34.353

S1 460 4.512 6.380 1.221 | 38.517

M 340 3.335 5.203 0.995 | 31.388

S3 370 3.629 5.497 1.052 | 33.186

Custard apple W 420 4.120 5.988 1.146 | 36.151
Ss 390 3.825 5.693 1.089 | 34.353

S1 470 4.610 6.478 1.239 | 39.085

So 400 3.924 5.792 1.085 | 34.227

S3 420 4.120 5.988 1.146 | 36.151

Drum sticks S 420 4.120 5.988 1.146 | 36.151
Ss 440 4.316 6.184 1.183 | 37.318

V. CONCLUSION

The highest value of cutting force and torque among the above values in table 1 is highlighted in yellow shade and is set as
design value to design the tools which will be capable of harvesting the food articles presented in table. The experiment for other
food products can be carried by categorizing the food products as region wise or by weight or by stalk size or by some other
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aspect of categorization. Quoting the result of experiment carried out for fruit region wise will be more useful for developing a
multi-utility tool for that region. This data is most functional in designing the shear blades of cutting tool or gardening tool or
harvesting tool.
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