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vegetable transplanting machine

12‘

TIAN Subo'” ™, XIE Tian', WANG Hejin', ZHANG Xuefeng', ZHANG Kun', BAI Xiaohu', SUN Zhoupmg
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Abstract: [Objective] In order to expand the applicability of transplanter and realize the automatic feeding of
plug seedlings of various specifications of vegetables, this paper designs a universal automatic seedling-feeding
device for vegetable transplanting machine. [ Method] The seedling-feeding arm with an adjustable feeding
claw was designed, the key parameters were optimized and kinematic analysis was performed. Plug trays with
different number of holes could be used by adjusting the number and distance of feeding claws on the seedling-
feeding arm and choosing different PLC control programs. The key factors affecting the success rate of seedling
feeding were comprehensively considered by analyzing the working process of seedling feeding. Taking the
water content of the plug, the height of plug seedling, and the depth of seedling needle into soil as the test
parameters, the plug seedlings of lettuce in 72-, 105- and 128-hole plug as the test objects, single factor
experiment and multi-factor orthogonal experiment were carried out to explore the effect of different factor on
the success rate of seedling feeding. [Result] The test results showed that when the water content of plug
seedling substrate was 40%, seedling height was 50 mm, and the depth of seedling needle into soil was 38 mm,

the success rates of seedling feeding for adjustable seedling feeding device were the highest, and the seedling-
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feeding success rates of lettuce in 72-, 105- and 128-hole plug trays were 95.83%, 96.19% and 96.48%, respectively.

[ Conclusion] The design of adjustable seedling-feeding device meets the technical requirements of vegetable

transplanting machine for feeding seedlings, and the transplanting effect is good, which can provide a reference

for research and development of the universal automatic vegetable transplanting machine.

Key words: Vegetable; Plug seedling; Transplanting machine; Adjustable feeding claw; Orthogonal test
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Fig.2 Working process diagram of adjustable seedling
feeding device
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structure
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Fo: Friction of seedling; G: Seedling gravity; F'r1. F'jp Static friction
force produced between seedling and seedling needle; Fy1+ Fyp: Seedling
clamping force produced by both sides of seedling
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Fig. 4 Stress analysis diagram of seedling picking
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a: Seedling-feeding claw
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In figure a, X: Distance between rotation centers of seedling mounting

b: Structural analysis diagram

plate; Y: Distance of needle dropping to the lowest point; Z: Length of plate
connecting seedling needles; H: Distance between mounting plate and fixed
plate after seedling needle dropping to the lowest point; L: Center distance
of the square hole under the fixed plate; M: Distance between mounting
plate and tray; N: Distance from seedling needle to the mounting plate at the
top of the seedling needle; 4: Distance between tip of the needle after needle
dropping to the lowest point; f: Angle between seedling needle at the lowest
point and vertical direction; In figure b, 1: Fixed block; 2: Limit bolt; 3:
Push rod; 4: Linear bearing; 5: Junction plate; 6: Seedling needle mounting
plate; 7: Seedling needle
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Fig. 5 Structure of seedling-feeding claw
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PI(°) Z/mm H/mm L/mm
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7 106.67 106.67 106.67

6 124.37 124.37 124.37
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1) B is angle ketneen seedling needle at the lowest point and
vertical direction; Z is the length of the connecting plate
between the needles; H is the distance between the mounting
plate and the fixed plate after the needle drops to the lowest
point; L is the center distance of the square hole under the fixed

plate
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a: 128 JUHIHE
a: 128-hole seedling tray

i

b: 105 AL

b: 105-hole seedling tray

c: 72 XMk

i

c: 72-hole seedling tray
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Fig. 7 Installation effect diagram of three kinds of seedling picking and feeding claws
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Fig. 10 Prototype and field experiment
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Fig. 11 Effects of single factors on success rate of seedling feeding
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3.4 ZREZRRAE BRI 2 f XA, Sk 24 . BEER 1 Hikl,
NT G LR 3 AR RIE, & FmE il (18) FMRE IR, NE KT E L% 2

PR BB ERER F s BRI P, Wi RE LR WK 3 fos. RAWZED

Fo D A UE Vi Pl o B DR BRI A R, AR VRS A5 R EEAT 0 A, SR LR 4, SR Z 0 Hr

BRI IR TR bR, I Lo(3") IR T VRl af Rt AT 04, 2R W& 5.

9 A IERZ R, 7 AMEREAT 3 4LO0IE T R

*2 EXHRERERZRKFR

Table 2 Factors and levels of orthogonal test

KF B AR /X FEJE IR W)/ % T f/mm AL EE/mm
Level Seedling tray specification (4) Matrix moisture (B) Seedling height (C) Depth of penetration (D)
1 72 30 40 36
2 105 40 50 38
3 128 50 60 40

®3 EXHAEFRERER
Table 3 Experiment scheme and results of orthogonal test

4 [A & 7K~ Factors and levels W R Th bk W R IR ()%
5 No A B C D No. of successful seedling picking  Success rate of seedling feeding
1 1 1 1 1 115 79.86
2 1 2 3 2 129 89.58
3 1 3 2 3 126 87.50
4 2 1 3 3 189 90.00
5 2 2 2 1 176 83.81
6 2 3 1 2 193 91.90
7 3 1 2 2 239 93.36
8 3 2 1 3 233 91.02
9 3 3 3 1 216 84.38
F4 WMESH
Table4 Range analysis
[X % Factor K, K, K; % Z Range At 77 % Optimal scheme

A 256.94 265.71 268.75 11.81 As

B 263.22 264.41 263.78 1.19 B,

C 262.78 264.67 263.78 1.89 o)

D 248.05 274.85 268.52 26.80 D,

£ D>A>C>B

Primary and secondary

RS HEDH
Table 5 Variance analysis
Kk R H Loy F WEMED
Source Sum of squares Degree of freedom Mean square Significance

A 25.06 2 12.52 106.40 *x

B 0.24 2 0.12

C 0.61 2 0.30 2.57

D 130.83 2 65.41 555.56 * ok

ST Sum 156.74 8

1) “**%” £70.01KF£ZF2H
1) “**” means significant difference at the level of 0.01



472 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

44 %

X3 4, R 5 BATLRG T, 15 H B AR B T
% A3B,CyDy, B 128 JAESRE IR &K R (w) N
40%- T =9 50 mm. HEF N LER BN 38 mm B,
WV R Th R A . RIE T RIIE R 45 R EOR,
72, 105, 128 JR ) MR B MR £ 40 il v 138 202,
247 Bk, BTN E 5 BN 95.83% 96.19% Al
96.48%, MLi%k 77 & B MR R DN 26 5 T &% 5 R R ke
FNIEAZ 5, 6 2 555 7 1 H 3l 2 MR R v 2
Ko BRI R, W IR R T P R T 2R 5 A
K, FLGE B AR, TR S K R AN S AR e
Bl A RE IRV /N, 55 AR P SEBR AR AR 7 75 3K

4 Z5ip

1) AT KT AR A, 1 E AT
L PR AL 88 A, BT 720 105, 128 JONE
HIRE R . DUAG T T U 1 PR vy JTC AR PR v B, st
TOREL R B 454, I 58 K PLC F2 i R Gt
BEFBETE, SEBL T 0 22 b 7R BRI B A BRI E
R

2) WIS PVHR2-E18 BB BN ML
FAEE, 3 Al A RS B A S XA v O R k)
G, BEAT B R R IR AN 2 D 3R IR 20k, DL &
K W AT N R EE R IG R 3R, IRFT AT A
PR P 2 B MR T D R Y i I AR S 4. Wl g R R
WY, LR IS KA (w) N 40%, i 50 mm,
RN LIREE 38 mm I, BRI AN AT T A P
3 MR TSR, 724 105, 128 JUAESR AL
(¥R T B T 26 43 T 95.83% 96.19% Fil 96.48%,
T R BT K
SE K :

(1 Koebd, B2, Al b, 55, FREUALTE R A zh o i
B AR IR [T]. RAUAGTH AL, 2022, 44(3): 10-15.

[2] SKRENGR, EER, B R, &R BB AR
FB[I]. Al TRE2E4R, 2020, 36(15): 65-72.

31 ALHTaC, Z2ohl, 005, &5 BAER AR ET B SR B
AR R[], RHLALTE 5L, 2018, 40(8): 263-268.

[4] JIJT, CHEN K K, JIN X, et al. High-efficiency modal
analysis and deformation prediction of rice transplanter
based on effective independent method[J]. Computers
and Electronics in Agriculture, 2020, 168: 105126. doi:
10.1016/J.COMPAG.2019.105126.

[51 GKEN4e, BRSZFE, MR, JUR i B i BRI B Fe ik
FE[T]. AR 52545, 2009(5): 28-31.

[61 Fhelbe, XUV, 25, 55, /AL H B S B AR E 2 B o
FIVIR K e 22 [T]. b E AR AU EHR, 2021, 42(3): 22-28.

[77 YANG Q Z, XU L, SHI X Y, et al. Design of seedlings

separation device with reciprocating movement seedling
cups and its controlling system of the full-automatic plug

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

seedling transplanter[J]. Computers and Electronics in
Agriculture, 2018, 147: 131-145. doi: 10.1016/j.compag.
2018.02.004.

R, AR, A F, & BRI R i aT
BB R AU B SR IR (0], R P 244, 2019,
50(8): 107-116.

HEH, S, HHEAK, 25 BRI
R B8 BB [I]. R RO R 24 4], 2022, 27(5): 22-38.
PR, BT, RARAE, S5 B HEE T 8] RO R AR
TS5 [0]. B AU TR, 2013, 44(S1): 7-13.
SRS, AL, MINAL, 45, BB RV ARG 1%
W H RGBT SR, KRB ], 2018, 49(6):
78-84.

BUHE, AR, XIS, 2. SR T A SR LE S T
WS RGOS BRI [T]. RV R, 2016,
47(12): 1-7.

R85, ORAR, B DAY, 2. SR R ML i 20 o 1 3
BRI Rk THEER, 2021, 37(8): 10-18.

T4, B P, skIRE, & /R H BB HLA T B S
AR R PID & AL 4% i [7]. A&k A2 243, 2013, 29(12):
32-39.

T, XIS, ZkdE, & BB RN T s
B 25 B B 5 IR (7). RO AL 25 3], 2021, 52(5):
35-43.

KR, MRS, XRHR, 5. 4 H ol iR R SR e T B
MR RG], Rk TRES4R, 2020, 36(22): 87-95.
SO, SRAME, TR T, 4. BRSO AT U g
S B HHRI[I]. Al TAE 54k, 2020, 36(22): 96-104.

H R, &R, TR, 5. B L sh R 2 B e
BT SRR [I]. JEBH AL K2R, 2020, 51(5):
586-592.

R RA . AR SRRARNL E B A B 5 RIS 7T (D).
TRBH: JLBE AR K2, 2020.

T, ATR, 204, 5 SR WAL E S B
FRIVR G RREI]. o E R FEIR, 2021, 42(1): 59-66.
& BRI AR AR SR E W RD]. b
o R ER R, 2014,

B, arls K, MR R, & — Rl 2@ BULiL
R TH[T). HUBR A2 2241, 2015, 51(7): 67-76.

%= KA, 11 B RH . IR BT F -k A% 3 it B
1AM, AbaT: A= Tl H Rt 2013.

Ak, BEFCE, SR, & R H SRR A
FEERIE[T]. Lol TFR2EIR, 2013, 29(2): 24-29.
SRR, T, HAT0, 5. 05 SR R AR R A I S e A
% RGBT SRR [, R AURE 2R, 2020, 51(S1):
123-129.

&R, BB, 5Kk, 3T PLC R/ M B # L F
E i RGBT TLBHAO K2 24Rk, 2007, 38(1): 122-
124.

FRE, FEW, SEiGlE, 25, BT PLC MR MAAL T I8
RGBT H R[], HeR A K 4R, 2021, 42(5):
97-104.

[SfEHE & K]


http://dx.doi.org/10.3969/j.issn.1003-188X.2022.03.002
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.15.008
http://dx.doi.org/10.3969/j.issn.1003-188X.2018.08.050
http://dx.doi.org/10.1016/J.COMPAG.2019.105126
http://dx.doi.org/10.1016/J.COMPAG.2019.105126
http://dx.doi.org/10.3969/j.issn.1674-1161.2009.05.012
http://dx.doi.org/10.13733/j.jcam.issn.2095-5553.2021.03.004
http://dx.doi.org/10.1016/j.compag.2018.02.004
http://dx.doi.org/10.1016/j.compag.2018.02.004
http://dx.doi.org/10.6041/j.issn.1000-1298.2019.08.012
http://dx.doi.org/10.11841/j.issn.1007-4333.2022.05.03
http://dx.doi.org/10.6041/j.issn.1000-1298.2018.06.009
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.12.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2021.08.002
http://dx.doi.org/10.3969/j.issn.1002-6819.2013.12.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2021.05.004
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.22.010
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.22.011
http://dx.doi.org/10.13733/j.jcam.issn.2095-5553.2021.01.009
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.S1.014
http://dx.doi.org/10.3969/j.issn.1000-1700.2007.01.026
http://dx.doi.org/10.7671/j.issn.1001-411X.202011038

	1 整机结构与工作原理
	1.1 整机结构
	1.2 工作原理

	2 关键部件设计
	2.1 取喂苗臂设计
	2.2 取喂苗爪设计
	2.2.1 取苗夹持受力分析
	2.2.2 结构设计
	2.2.3 可调式方案设计

	2.3 控制系统设计

	3 样机田间试验
	3.1 试验条件
	3.2 试验因素和指标
	3.3 单因素试验结果与分析
	3.4 多因素试验

	4 结论
	参考文献

