Journal of the Korean Society of Manufacturing Technology Engineers 34:6 (2025) 397~405

https://doi.org/10.7735/ksmte.2025.34.6.397

A S
=&t
Mz

J. Korean Soc. Manuf. Technol. Eng.
ISSN 2508-5107(Online)

"m Check for updates

g 22 AY J2iHel Hu

Qla.*
=

Development of a Robotic Cutting Gripper for Harvesting
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Article history:

Labor shortages owing to rural depopulation and aging are accelerating

Received 3 September 2025 automation in agriculture. Harvesting, a labor-intensive task, requires precise
Revised 27 October 2025 operations, such as g rasping and cutting. This study presents a cutting gripper
Accepted 29  October 2025 P ’ g rasping & . }.’p . g8 pp
end-effector capable of both the aforementioned actions, designed for use with
commercial multi-joint robotic arms. The modular mechanism, driven by a DC
Keywords: motor, ensures parallel finger movement, stable grip, and accurate cutting.
End-effector Experiments conducted in a horticultural testbed demonstrated grasping and
Cutti . g g
utt.lng grpper . cutting success rates of 95% and 90%, respectively. The system proved reliable
Agricultural rObOt“fs and durable through repeated operational tests, thus establishing its potential in
Automated harvesting automated harvesting. This end-effector is suitable for deployment in both
Modular mechanism agricultural and industrial fields, where repetitive precision handling is required.
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Table 1 Comparison between previous studies and this study
Catego Existing Studies This study
oy (Paprika / Tomato / Cucumber)|  (Chili pepper)
1l di
Crop Large diameter, resistant Sma d1an{et¢t,
.. prone to twisting
characteristics to damage .
and branching
End-Effector SuCFIOI;rtyfi‘;’l tl‘:ot;f;g:r Slider-linkage
structure BUppet, SITp hybrid mechanism

mechanism

Separation of cutting and
Limitations gripping; difficulty
handling small diameter

Enables simultaneous
cutting and gripping

50mm
I

Gripper Part
Fig. 2 Cutting gripper of a harvesting robot
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Fig. 3 Grip configuration
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Table 3 Linear motor specifications

Stroke Length of Force Reduce Speed
Length [m] | pitching [m] N] rate [m/s]
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Table 4 Spring summary

Spring specification

Item Specification
Material wire diameter [m] 0.0004
Mean coil diameter [m] 0.006
Inner coil diameter [mm] 0.0057
Effective number of coils 13
Total number of coils 15
Coiling direction Right
Free height [mm] 0.038
Load at Load [N] 371
installed Height [m] 0.028
Load at Load [N] 13.6
maximum Height [m] 0.006
Spring constant [N/mm] 0.53
Surface Shot peening (post-forming)
treatment Corrosion protection | ZPC2

il 1 i -;l’

M

S0mm,

Fig. 5 Measurements were taken on model paprika
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Fig. 6 Surface pressure distribution when contacting the gripping
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Fig. 9 Changes in gripper and cutter force over time
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Fig. 15 Example of paprlka gripping
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Camera detects target crop and the 6-DOF robot
approaches the harvesting position

Gripper Iinear actuator operates m (-) direction
— Pressure control spring compresses — Slider moves forward
— Gripper arms A and B close — Grippers rotate around center pin
— Crop is gripped — Slider stops
— Spring generates force against stopper plate — Stopper plate moves
— Slider sensor detects position — Gripper linear actuator stops

4

Cutter [inear actuator operates in (-} direction
— Performs cutting (time-ceontrolled)

{J

Cutter linear actuator operates in (+} direction

— Returns to origin and stops

L

6-DOF robot moves to the harvest basket

4

Gripper linear actuator operates in (+) direction

— Releases crop

— Returne to original position and stops

I

Crop separated successfully

Fig. 16 Control flowchart of the gripping module and cutting
module

Fig. 17 Experiments in a flowerpot test bed
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Fig. 18 Experiments on an open field test bed

Histogram of Cutting Center Offset

Frequency

2
Offset from stem center (mm)

4

Fig. 19 Histogram of cut center error

Table 5 Experimental results

Item Average Remarks
performance
Gripping success 95 Failures occurred due
rate [%] to stem position errors
Cutting success Failures caused by severe
€ 90 bending of the fruit
rate [%]
body or stem
- o -

Harvest tllme 4.2/fruit 65% reduction compared
[sec/fruit] to manual harvesting
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Table 6 Table of damage types that occur when cutting and
slicing a mathematically studied pepper

Operation Gripping Cutting
Number of 100 100
samples
Peri C i .
Type of damage enc'arp OMPIESSION it surface tearing
peeling marks
Occurrence - - 4
Damage rate
0 4
(7]
Due to imprecise cutting,
some tearing occurred, but Caused by
. the inner surface of the | inaccurate cutting
Primary cause . . . .
gripper with rubber pads | resulting in tearing
prevented compression of the pericarp.
marks.

SOmE

Fig. 20 Local tearing of the stem due to inaccurate cutting

=
Il
fru
-
P
)
o
[
[m
;gl_:‘
o
2

Fig. 190] vjebd Hg
QA= B +1.0 mmo|H,
B3 Pt Aol ARRE
gom Pt Atolg ARk
7Fs/30l ASH AT

=A|9] HAE HIEC|ME F 207 (H)9 F1F URE thde
2 2003}9] 42 S sieith. Ad sk, Table 59 2ol 3]
JFEL 9% Lo, Aol e AT FA Q4] 94
QA2 EMEHII.

T 0] JTE 95%2A A
oxE gAuEgt 3] & &3
100%E LRt 2j9i7t % s
Ao Qlstol a2iH 9] gio] WAy
5] shsjol] ol 7siA Zn]g
S50 gQIgioL, Fujo] &2
BE I2H W 5K &

hu

K
O
T

4.2(sec/x})



Kyoungill Jeon

Table 7 Comparison table between existing grippers and the

cutting gripper of this study
Harvest Cycle time
Crop / System success rate | > Remarks
[sec]
[“]
Developed cutting
gripper (pepper 85.5 42

peduncle test)

Sweet pepper Protected
robot (harvey) - 46~58 cultivation
manipulated Env. environment

High t
Strawberry robot | ¢ ¢ 75 | nder experimenta
(isolated fruit) © |/Total 106 be
conditions
Actual
Strawberry robot 53.6 or forrcntzsce in
(open field (undamaged) | 7.5~10.6 P
natural
/ general env.) / 59.0(all) .
environment
Blackberry soft 95.24 Based on internal
gripper (cutting sensors and force
(tendon-driven) success) feedback
Eggplant Combines soft
62.5 gripping and
Soft gripper cutting functions
Directional grasping 1 Control strategy to
+ Sequential harvest ' reduce damage
Orchar'd fin ray 70.8 14.7 Tested. in orchard
gripper environment

Table 8 Examples of application conditions by crop

Kind Grip [N] Cutting [N] Remark

Hot paper 40~50 45 Experimental
criteria

Large stem

Cucumber 50~60 8~10 .

diameter

Paprika 50~60 10~12 Large stem
diameter
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