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Abstract. This study was conducted to improve the insufficiency of fruit vegetable grafting system developed by
National Institute of Agricultural Sciences, Rural Development Administration. When the rotary blade cut the stem
of scions and rootstocks, the grafting failure at curved cutting surfaces happened. The cutting depth of a tomato seed-
ling by a rotated cutter was calculated 0.11 mm even when the cutting arm length and the maximum stem diameter
were 50 mm and 5 mm, respectively. Mathematical analysis and high-speed photography showed that there was no
problem by cutting in straight the stem of scions and rootstocks. The compression test of seedling stems to design the
optimal shape of gripper showed that stems were not completely restored when they were compressed above 0.8 mm
and 0.6 mm in case of rootstocks and scion, respectively. This study found that the bending angle of stem of tomato
seedlings at the grafting period was 10 degree on average. The optimal gripper finger was the edge finger type which
could be precisely set center point by adjusting the distance between fingers. In addition, it was found that most of
seedling could be grasped without damage when the finger-to-finger distances is set to 2.5 mm for scion and 3.0 mm
for rootstocks and finger are coated by 1 mm-thick flexible material.

Additional key words : curved cutting surfaces, optical shape, rotary blade, stem warpage.
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Fig. 2. Scion and rootstock cutting.
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Fig. 3. The plane gripper.
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Fig. 4. Measured bending angle of rootstock.
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Fig. 5. Design of the gripper.
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Fig. 6. Shape of the gripper.
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Table 1. Cutting depth of a tomato seedling according to stem
diameter and arm length.

Arm Stem diameter(mm)
length
(mm) 2 3 4 5
Cutting 50 0.02 0.04 0.07 0.11
depth
(mm) 100 0.01 0.01 0.04 0.06
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Fig. 7. Diagram of the cutter movement.

Fig. 8. Cutting surface of scion according to rotated cutter.
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Table 3. The stem diameters of tomato scion and rootstock.

Scion Rootstock
Items
Major Minor Major Minor
Diameter(mm) 25403  2.1+£0.3  3.3+£0.8 3.1+0.7
X~ o
- el

e 2 o 279 IJd Aoz Qg HE B
WY 75l digk FAIRS aidshr] st e
A4 g aEgeE o83l A3t Ay Ad I
HEE 50mme]al £7131739] smm € W, Z°]= 0.11mm
A Aoz AklEe] Z71F I dde| wE A=
s AoE Almdr) Egh HEA|ZFA BE Z7]
e Oy HH i AAE Slst] AR 2
=7] =AY A =Y A9 0.8mm o, AT
7% 0.6mm o] WL FVHE 4= & A
o7 FFoF s EEA| eFe AR AN
I8y 4 AA A 288 1HE AAA 113
g FoE AlEHET g HEAZR] ErlE HEo
739 2719 Fo] HF 10= AF ¢l HoZ FANH]
HEEE] WE 7FsAo] loema olF 7fds] ¢
St F7F A7F e AR Alsd HAPA I
[RollMe BEAEgA o] AT Al 23S B9
At TS /S F e Aoz A=Y BA
2t Agle Aot diEel sl 2 2.5mmet 3.0mmE

AR N2 Y= QAL o]8sld Imm A =

9 2 Ho 1o of it

¢

>

[o%

He ohd oiiEe] BF 2718 AAgle] A &
e AT A

F7h FA): 24 Ao, ANY, s, 97

o,

At AL
2 d7e 2017d% 208 SEEHAsk o
AR @AHE: PI010970)2] Aol 2J8] o] Foix

29).

220

e

BT - g

AT 84 AT - AT

Ho

Literature Cited

Chung, S.H., and D.H. No. 2009. Development of a robot for
automation of a callus inoculation. journal of Bio-Environ-
ment Control 18(2):87-94(in Korean)

Ha, Y.S., and T.W. Kim. 2014. Development of oriental melon
harvesting robot in greenhouse cultivation. Protected Hort.
Plant Fac. 22(2):123-130.(in Korean)

Kang, C.H., S.K. Lee, K.S. Han, Y.B. Lee, and H.K. Choi.
2008. Development of a soot-semoved splice grafting sys-
tem for cucurbitaceous vegetables(1) - Analysis of grafting
process and system setting-. J. of Biosystems Eng. 33(6).(in
Korean)

Kang, C.H., S.K. Lee, K.S. Han, and H.K. Choi. 2005. Devel-
opment of a root-removed splice grafting robot for cucurbi-
taceous vegetable - operating performance of grafting
system. Proceeding of the KSAM 2005 Summer Confer-
ence 10(2):343-346.(in Korean)

Kim, HM., and S.J. Hwang. 2015. Comparison of pepper
grafting efficiency by grafting robot. Protected Hort. Plant
Fac. 24(2):57-62(in Korean).

Kobayashi, K., and M. Suzuki. 1996. Development of graft-
ing robot for cucurbitaceous vegetables(Part 3) -Continuous
grafting by experimental model-. Journal of the Japanese
Society of Agricultural Machinery 58(2): 83-93.(in Japa-
nese)

Min, B.R., J.H. Mun, and D.W. Lee. 2003. Development of
the manipulator of a cucumber robotic harvester. journal of
Bio-Environment Control 12(2):57-62(in Korean)

National Institute of Horticultural and Herbal Sci-
ence(NIHHS). 2013. Current status of grafted fruit vegeta-
ble transplants production and cultivation. Rural
Development Administration. (in Korean)

Park, K.S., K.M. Lee, and J.Y. Kim. 1997. Mechanism of a
grafting machine using the insertion method, Agric. Res.
Bull. Kyungpook Natl. Univ. 15:115-122(in Korean)

Park, K.H., H.T. Park, and H.S. Han. 2011. A Study on the
current state and development strategies of raising seed-
lings industry. Korea Rural Economic Institute. (in Korean)

Suzuki, M., K. Kobayashi, K. Inooku, K. Miura, and K.
Hirata. 1995a. Development of grafting robot for cucurbita-
ceous vegetables(Part 1). Journal of the Japanese Society of
Agricultural Machinery 57(2): 100-108.(in Japanese)

Suzuki, M., K. Kobayashi, K. Inooku, and K. Miura. 1995b.
Development of grafting robot for cucurbitaceous vegeta-
bles(Part 2). Journal of the Japanese Society of Agricultural
Machinery 57(3): 103-110.(in Japanese)

Protected Horticulture and Plant Factory, Vol. 26, No. 3, 2017



