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The Design and Evaluation of The Stem-cutting Device of
Harvesting Gripper Using Twisted String Actuation System

Ao g9 -FaF!

Seong-Mo Choi', Dongwoo Lee!, Myun Joong HwangJr

Abstract: This paper presents a novel stem-cutting device using a twisted string actuation system
combined with the cinch bag-typed gripper proposed in previous research. The suggested cutting
device was developed to cut the stem of a tomato using two motors. The relationship between
contact time and motor angle was mathematically induced, and the contacting time was verified
through the experiments. The contact time has decreased as the offset of each pair of strings at the
disk increases. The contact time and its deviation were reduced by increasing the radius of the twisted
string bundle, and the motor torque to exert an equivalent cutting force was surged at the same time.
The proposed cutting mechanism with 16 strands of twisted string bundle and 40 mm of offset can cut
the given tomato stems and stalks, exerting up to 132.4 N of cutting force in 4.6 to 6.5seconds.
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[Fig. 1] The structure of cinch bag-typed robot gripper'™
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(a) 3D modeling of protective structures equipped with
stem cutting devices

(b) 3D model of blades and plates

[Fig. 2] The composition and 3D modeling of the stem-cutting
device using twisted string actuation system
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[Fig. 3] The cutting procedure of the proposed stem-cutting device

[Table 1] The result of the contact time measurement depending
on the string connecting method and d;

d; [mm] Y[ ¢ [mm]
25 150.6 429
30 1542 34.4
35 159.9 259
40 170.0 172
45 200.0-0.0, 6.5
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(b) Free body diagram on the blade and plate

[Fig. 4] The free body diagram of the proposed stem-cutting
device
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[Fig. 5] The gripper with the proposed stem-cutting device

[Table 2] Parameter of spring

Material D [mm] d [mm] k [N/mm] N
stainless 5.5 0.5 0.108 39.5
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[Fig. 11] The stem cutting experiment of the proposed
stem-cutting device
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[Table 3] The cutting result of stem part on tomato

Specimen Cutting Max. Measured time
Stem b force Tin teont teut
[No.] | [mm] (N] [Nm] [sec] [sec]

1 3.0 126.5 0.381 24 5.0

2 6.4 132.4 0.586 2.8 6.1

3 43 121.6 0.594 3.5 6.5

4 3.8 54.9 0.330 3.6 5.7

5 6.0 108.9 0.482 3.1 6.1

6 5.1 60.8 0.265 3.7 5.6

[Table 4] The cutting result of stalk part on tomato

Specimen Cutting Max. Measured time
Stalk ¢ force T teont beut
[No] | [mm] [N] [Nm] [sec] [sec]

1 8.4 33.3 0.199 32 53

2 44 444 0.199 33 5.2

3 5.8 20.6 0.178 34 5.0

4 3.9 15.7 0.096 34 4.6

5 6.2 14.7 0.127 34 4.7

6 5.7 23.5 0.137 3.1 4.7
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