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Design Factor Analysis of End-Effector for Oriental Melon
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Abstract. This study analyzed the geometric, compressive, cutting and friction properties of oriental melons in order
to design a gripper capable of soft handling and a cutter for cutting oriental melon vine among the end effector of
oriental melon as a preliminary step for developing the end effector of the robot capable of harvesting oriental mel-
ons in protected cultivation. As a result, the average length, diameter at the midpoint, weight, volume and roundness
of the oriental melons were 108 mm, 70 mm, 188 g, 333 mL and 3.8 mm. Nonlinear regression analysis was per-
formed on the equation W = L2 x D8 with variation of the length (L) and diameter (D2) of the weight (W) of the ori-
ental melons. As a result, it was shown that there was a correlation between a of 2.0279 and b of —0.9998 as a
constant value. The average diameter of the oriental melon vine was 3.8 mm, and most vines were distributed within
aradius of 5 mm from the center. The average yield value, compressive strength and hardness of the oriental melons
were 36.5 N/cm?, 185.7 N/cm? and 636.7 N/cm?, respectively. The average cutting force and shear strength of the ori-
ental melon vines were 2.87 x 102 N and 5.60 N/cm?, respectively. The maximum friction coefficient of the oriental
melons was rubber of 0.609, followed by aluminium of 0.393, stainless steel of 0.177 and teflon of 0.079. It was con-
sidered possible to apply it to the size of the gripper and cuitter, turning radius, dynamics of drive motor and selec-
tion of materials and their quality in light of the position error and safety factor according to the movement when
designing end effector based on the analyzed data.

Additional key words: geometric property, soft handling, compressive stress, cutting stress, friction coefficient
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(a) 3D-modeling of melon

Fig. 1. Geometric test of the melon using the 3D-scanner.
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(b) Measurement of dimension
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Fig. 2. Compression test of the melon.
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Fig. 3. Cutting test of the melon stem.

(a) Contact friction materials

Fig. 4. Friction test of the melon using the friction coefficient tester.
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(b) Melon sample and adapter
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Table 1. Geometric characteristics of melon.
Length Diameter(mm) Weight Volume
Item (mm) Sem Middle Belly () (mL)
L D1 D3 w \%
Maximum 119.2 68.1 76.8 2545 460.7
Minimum 95.3 50.7 56.1 138.2 200.8
Mear? 108.6 + 10.2 604+7.1 703+ 6.5 69.3+7.0 188.2+41.3 333.3+914
‘Mean + SD.
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Table 2. Compressive properties of melons.

Table 3. Cutting properties of melon’s stems.

Item Cutting force (N) Cutting strength (N/cm?)

Maximum 419 x 1072 7.21

Minimum 1.74x 1072 456

Mean? 2.87+0.94%x 1072 5.60+1.08
‘Mean + SD.
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Item Yield strength (N/c?) Strength (N/c?) Hardness (N/cm?)

vall Stem part 38.6+5.7% 196.2 £ 28.8 668.1 + 55.5
Colgrl Middle part 359+28 183.4+14.8 632.7 £ 26.3

Belly part 349+47 1776+ 24.1 609.2+18.1

G Stem part 50.1+21 255.1+107 782.8 £50.2
Cg?gr‘ Middle part 451+35 2296+ 17.4 7230+ 113

Belly part 49.8+ 4.2 2541+ 214 7750+ 42.0

*Mean + SD.
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Table 4. Friction properties of melon.
Material Rubber Aluminum Stainless stedl Teflon
Maximum 0.605 0.414 0.190 0.081
Minimum 0.586 0.383 0.156 0.076
Friction coefficent” (dec) 0.609 + 0.025 0.393+0.018 0.177 £ 0.018 0.079+ 0.003
*Mean + SD.
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