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Design and Experiment of Extensible Type of Picking Seedling
Pot Mechanism for Tomato Pot Seedling Transplanting

XIN Liang WANG Mingcheng SUN Guoyu ZHANG Hao SUN Mingyi WANG Hang
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract. In order to lower the damage to the root system and pot soil of the seedling caused by the
picking seedling pot mechanism in the tomato pot seedling transplanting process, and avoid the
optimization problem of special seedling-picking trajectory and posture design of the mechanical pot
seedling transplanting mechanism, the extensible type of picking seedling pot mechanism that can be used
in conjunction with a series of transplanting mechanisms was proposed. It was achievable that the seedling
needles of the mechanism at key positions of the picking seedling completed the process of protruding into
the seedling pot, moving and delivering seedlings, and retrieving and pushing seedlings at a fixed angle.
Based on the analysis and design requirements of the process of transplanting and picking seedling pot,
the mechanical analysis model of the picking seedling pot mechanism was established, and the factors
affecting the minimum driving force on the driving rod when the seedling needles protruding into the
seedling pot were obtained. A computer-aided analysis and design software for the picking seedling pot
mechanism was developed based on the Matlab App Designer platform, obtaining a set of picking seedling
pot mechanism design parameters that met the requirements of tomato pot seedling transplantation. Using
the three-factor five-level quadratic regression orthogonal rotation center combination test method, taking
the angle of inclined rods, moisture content of seedling pot and depth into the pot as the test factors, and
taking the integrity rate of the pot and the success rate of taking seedlings as the evaluation indexes, the
prototype was trial manufactured and the bench was built to implement the parameter combination
optimization and verification test. The results showed that the extensible type of picking seedling pot

mechanism could effectively cooperate with the seedling picking mechanism to complete the performance
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requirements. The results showed that the operation effect was the best when the combination parameters

included angle of the driving inclined rods was 112°, the moisture content of the seedling pot was

57.5% , and the depth into the pot was 28. 4 mm. The integrity rate of the seedling pot was 96.44% |,

and the success rate of picking seedlings was 97.06% , which met the performance of pot seedling

transplanting.

Key words; tomato; pot seedling transplanting; extensible type; picking seedling pot mechanism;

mechanical analysis
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Fig.1  Schematic of “olecranon” type trajectory of

different types of pot seedling transplanting mechanism
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Fig.2  Schematics of picking seedling pot mechanism
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Fig.3 Working process of extensible type of picking seedling

pot mechanism for tomato pot seedling transplanting
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Fig.4 Planar linkage mechanism containing all

mobile secondary loop mobile chains
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Fig.5 Force analysis of contact relationship between

driving inclined rod and seedling needle as high motion pair
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Fig.6 Influence of various parameters on driving force when contact relationship

between driving inclined rod and seedling needle was high pair
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driving inclined rod and seedling needle as low motion pair

VLS Sl A 5 o B 52 08 R, 3 57 F- T LA A AR &R
WE 7a firos AL D R8RS

2 F,=F, cosa+F,,cos(a+m) +

Fgf.cos(a+%) =0 (9)

2 F,=-F, +Fysina +Fyy,sin(a+m) +
. T
F3f51n(a+7) =0 (10)

z M()zFBmloul = Fynloy =0 (11)
XFa(9) ~ (11) FEAT AL TR A%
h,sina + (h, +21,, )tangcosa

Fyy ] (12)

0B,

PARREL b B 58 % B, 18 57 F T B A A B &R A
B 7h Jr 7, R JEE 45 0 15 P 00 ) R EE 458 A R 4 %)
=1 eR BT T AR RIUR T E R0 B 8 2 45 R A 1Y AR A
el , BB HAERE ) RV 5 RN

F

A

N, Fy=Fpy = Fuy + FeosB +
F, cosB + FysinB =0 (13)
Z Fy= -Fy +Fcosp+F sin +
F, sinB=0 (14)
h, h,
Y M, = Fins +Fons - Foulge =0 (15)

hZFBNZ(zl()B +h2)
F. = ‘ 16
o 2lB(Jl()B| ( )

Fp ZOBI sinf3

Fyy =

h,cos(B —¢) ) (17

(2, +hy) (tan(p T
et
2F, LysinB(hysin(a + @) +21,, sinpcosa)
Fi= (21, +hy) (2lpesing — hycos(B-¢))
(18)
WA (18) I A, B8 o B hy JFp T LIGE
RKHI)F, OBEA LB Fo,— R KA T,
Kl 8a iR, B o /A8, HoABAE Ry o i, 2] F, K
T a4, Y o 7 0° ~ S8 AL, FEE o i
K F B WS RIFAE 58°i8 | e K{H , o 1 58° ~90°
AR F B W8N BB o XFF, AR B
o QBEF AL Fp —ERSMET, nE 8b Br
7N, B N HABAE R B ) P, T B R
2,2 BAE 0° ~ T2 LI BE B Y R, F, 24k
BONETRE B AE 72° ~90° A5 A I, il £ 28 A il K
F AR BE S 5 PR B PR O, (AT LA B A —
SE X N EHCE BEXS F, JLF e m . @BE A+
BLF) Fp— M5 F , NE 8c fiR, & h, HAE &,
FABME Atz F, T by MIIIZ, 2 by 120 ~
10 mm ZZAGIN;, BEE h, B9 R, F, 2B ALK, h, 1
RE10 mm PLJS B, F, 89728 408 T 58 & H 32
BN,
ZEG LA PR E OL 32 00 e B AR AR A
TRy Fo— WS LT, 23 2 2 8Ok I A BK




%53 1) Fo A TR AR R AL B 5 R 101
600 301
400 - 20
200} k "
g : < 0
R ! R
-200¢ 3 10
—400 :
: -20}
! _6(_)(_)> 4 H
L | I L L L . | . L L L . I I ) — L L L L L L L L L .
8910 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 30075 10 15 20 25 30 35 40 45 50

al(°)
(a)

pI(°) h,/mm

(b) (e)

P8 BRI REAT 5 BB A5G AR O MR I 2% 2 H00E IR 3l ) 1 5

Fig.8 Influence of various parameters on driving force when contact relationship between

driving inclined rod and seedling needle was low pair
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Fig. 9

Computer aided analysis and design interface

of picking seedling pot mechanism
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Fig. 10 Physical prototype of picking seedling pot

mechanism
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Fig. 11

Experimental process of extensible type of picking seedling pot mechanism for tomato pot seedling transplanting
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Kinematic analysis of a clamp-type picking device for an automatic pepper

Development of a seedling pick-up device for vegetable transplanters [ J].

2 £ x
(1] arsa, £, R, 5. KPR RE AR SR AUt R [T]. Rl AUz, 2022,53(9) : 1 -20.
YU Gaohong, WANG Lei, SUN Liang, et al. Advancement of mechanized transplanting technology and equipments for field
crops[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53(9): 1 =20. (in Chinese)
(2] SRR XUSLE, 7 SO/, 45 B3R ML e AU e B R o AT # B 518 [V ] RO AU~ 42,2023 54 (3T 1) -
115 - 124,134.
ZHANG Xuedong, LIU Lijing, NING Yichao, et al. Design and experiment of end effector of seedling taking by jacking and
clampling of vegetable transplanter[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023 ,54 ( Supp. 1) :
115 - 124,134. (in Chinese)
(3] ORI, KA ME, 5T, 45 B3R i i A T U e B mE e [ T] . Rk T AR %41 ,2020,36(22) 196 ~ 104.
WEN Yongshuang, ZHANG Junxiong, ZHANG Yu, et al. Development of insertion and ejection type seedling taking device for
vegetable plug seedlings[ J]. Transactions of the CSAE, 2020, 36(22) : 96 — 104. (in Chinese)
(4]  Shaig , BICH 8065, 5.2 B R T 2OKRE SR BRI T B 58 [ T]. Flb HUA 24 ,2015,46(6) :35 - 43.
MA Ruijun, FAN Yuanjun, HUANG Qian, et al. Design and experiment of 2-DOF clamp-type manipulator for transplanting of
rice potted-seedlings[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46(6) :35 —43. (in Chinese)
(5] JEigmm, X0, B4, 4. R % R BR i U HE G Al T3 et SR [T ] R AU 24 4z , 2023 ,54(5) :82 - 90.
ZHOU Haili, LIU Ke, TONG Junhua, et al. Design and test of row picking end-effectors for potted seedlings in greenhouses
[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023,54(5) :82 —=90. (in Chinese)
[6] ISLAM M N, IQBAL M Z, ALI M, et al.
transplanter[ J]. Agriculture, 2020, 10(12) : 627.
(7] SRR, Desinl, BRI % M3 SR A T 3 R A8 R s i S e A5 [T ] R AL 2 41 ,2022,53 (4) -
60 - 69.
MA Zenghong, RAO Yicheng, TONG Junhua, et al. Sparse transplanting mechanism design with double row end effectors and
work time sequence optimization for hydroponics pot seedlings in greenhouse [ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2022,53(4) :60 —69. (in Chinese)
[8] ZHAO X, GUO J, LI K, et al. Optimal design and experiment of 2-DoF five-bar mechanism for flower seedling transplanting
[J]. Computers and Electronics in Agriculture, 2020, 178 105746.
[9] WEN Y, ZHANG J, TIAN J, et al. Design of a traction double-row fully automatic transplanter for vegetable plug seedlings
[J]. Computers and Electronics in Agriculture, 2021, 182 106017.
[10] YANG Y, TING K C, GTACOMELLI G A. Factors affecting performance of sliding-needles gripper during robotic transplanting
of seedlings[ J]. Applied Engineering in Agriculture, 1991, 7(4) : 493 —498.
[11] HAKLI R, LEHTO L, LEHTO E. Method and device for planting balled seedlings: U.S. Patent 4,893,571[P]. 1990 — 01 — 16.
[12] CHOIW C, KIM D C, RYU I H, et al.
Transactions of the ASAE, 2002, 45(1) . 13 - 19.
[13] NAKASHIMA H, KONDO T, KANESAKI M. Seedling planting apparatus: U.S. Patent 5,477,791 P]. 1995 —12 —26.
[14] XIN Liang, LU Zhijun, WANG Wenqing, et al. Optimal design and development of a double-crank potted rice seedling
transplanting mechanism[ J]. Transactions of the ASABE, 2017, 60(1): 31 -40.
[15]  XUZKRE, 2%, 2580 o , 2. — b o488 P 2 00 1T R B0 AR o AT 8% B L BBORC A 4 ) 7512 - CN104855025A[ P, 2015 — 08 — 06.
[16] HAN L, KUMI F, MAO H, et al. Design and tests of a multi-pin flexible seedling pick-up gripper for automatic transplanting

[J]. Applied Engineering in Agriculture, 2019, 35(6) : 949 - 957.



%3 1

WSt AF OB RS AR Hh SRR ML BT 5 1A 105

[17]

[18]

[19]

[20]

[22]

[23]

[25]

[26]

[27]
[28]

[29]
[30]

HU J, YAN X, MA ], et al. Dimensional synthesis and kinematics simulation of a high-speed plug seedling transplanting robot
[J]. Computers and Electronics in Agriculture, 2014, 107 . 64 —72.

HAN L, MAO H, HU ], et al. Development of a doorframe-typed swinging seedling pick-up device for automatic field
transplantation[ J]. Spanish Journal of Agricultural Research, 2015, 13(2) : €0210.

AT AL WRAE R, ) 5 M IR 52 IR IR G 40 AT B R B B IR A LA i B ST [T ). LB LA 2% 4k ,2012,48 (13) .
32 -39.

YU Gaohong, CHEN Zhiwei, ZHAO Yun, et al. Study on vegetable plug seedling pick-up mechanism of planetary gear train
with ellipse gears and incomplete non-circular gear[ J|. Journal of Mechanical Engineering, 2012, 48 (13):32 - 39. (in
Chinese)

YE Bingliang, YI Weiming, YU Gaohong, et al. Optimization design and test of rice plug seedling transplanting mechanism of
planetary gear train with incomplete eccentric circular gear and non-circular gears[ J]. International Journal of Agricultural and
Biological Engineering, 2017, 10(6) ; 43 —55.

EAME. AR RS F AT B A AR PR B AR AL R ML AL e SRR O S [ D] BUIN - WE VL E TR, 2014,

ZHAO Xiong. Option design and experiment research of planetary gear train with two-order non-circular gears seedling pick-up
mechanism on seedling transplanter D]. Hangzhou: Zhejiang Sci-Tech University, 2014. (in Chinese)

MXAY RN, 58, A KRR BRI RS R LA AL AL BT S [ 1] RO LB 24, 2018 ,49(4) :87 - 93.

ZHAO Yun, LIU Zhiping, XIN Liang, et al. Optimization design and experiment of transplanting mechanism of rice pot
seedling on film[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(4) .87 —93. (in Chinese)
AT, X AL B ) S AR B R A st S [T ] Al LA 2 4R ,2018,49(5) 152 - 160.

ZHAO Yun, LIU Xing, XUE Xianglei, et al. Optimal design and experiment of potted eggplant seedling transplanting
mechanism[ J |. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(5) :152 - 160. (in Chinese)

R, BRI —FH T AL [ R AT AL 3h,2015,39(3) 1153 - 157.

HAN Qing, LI Tiancheng. A new universal formula of degree of freedom for planar mechanism[ J]. Journal of Mechanical
Transmission, 2015,39(3) :153 = 157. (in Chinese)

XIFH RS, BT, B S iR B B R e Bk [T ] B MM, 2018,36(6) <33 - 35.

LIU Yansong, CAO Jujiang, LIANG Jinsheng, et al. Computing method of DOF of crank group mechanism based on screw
theory[ J]. Light Industry Machinery, 2018,36(6) :33 —35. (in Chinese)

TSI B BB R AL ek R S AT A B AR AL BT S IR AT ST L D ] MR AR L ARl 2017,

WANG Wengqing. Optimization design and experimental study of pot-clipping style end effector for pot seedling transplanting
mechanism[ D]. Harbin: Northeast Agricultural University, 2017. (in Chinese)

BT AWMU S AT 5 255 [ M ] db st HLARC Tl i Rk ,2009.

el , BER,UE S UL E WA R M S U A e I AR SR AT E [T ] AL AL AR 4R ,2015,46(7) 23 - 30.
HAN Lithua, MAO Hanping, YAN Lei, et al. Pincette-type end-effector using two fingers and four pins for picking up
seedlings[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46(7) :23 —30. (in Chinese)

kAR, WA L RS M BRIV [ M) bt o RO R A ,2006.

EBRT, Tl oA 4 B A T R B B e e R s (R R AKX 5 AT [T] . Aol TAR % 4R ,2015,31(14) :65 - 71.
WANG Yueyong, YU Haiye. Experiment and analysis of impact factors for soil matrix intact rate of manipulator for picking-up
plug seedlings[ J]. Transactions of the CSAE, 2015,31(14) :65 —=71. (in Chinese)

HE L, BEFY, BU/INE, T T R B SO AR S AT AR B[] AR AL ,2013 ,44(11) 260 - 265.
HAN Lithua, MAO Hanping, MIAO Xiaohua, et al. Design of automatic picking up seedling end-effector based on mechanical
properties of plug seedlings[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013,44(11) ;260 —265. (in
Chinese)

FEFE R, £ B2 WA, S SRR BN B IR LR IR AT 5T [T ] R ML BT 5 ,2007,29 (11) 1164 ~ 166.

TANG Yanqgin, WANG Yuxing, YAO Qingwei, et al. Experimental study on the phenomenon of root discking outside the pot
seedling plate[ J]. Journal of Agricultural Mechanization Research, 2007,29(11) :164 - 166. (in Chinese)





