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a. Lateral view
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b. Explosive view
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1. Top-bar mechanism 2.Cam box 3.Driving shaft 4.Floor 5. Seedling tray guide
mechanism 6.Seedling tray guide splitter
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Fig.1 General structural diagram of seedling-taking device
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1.Top-bar 2.Installation shaft 3.Main shaft 4.Driving toothed disc 5.Follower
wheel disc 6.Support crankshaft 7.Connectivity crankshaft
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Fig.2 Schematic diagram of seedling-taking top-bar mechanism
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a. Partial enlarged view
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b. Sectional view
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1.Seedling-taking cam box 2.Seedling-taking cam 3.Top-bar installation shaft
4.Driving shaft 5.Potted seedlings tray 6.Seedling tray guide mechanism

B3 KEARGTREIETER

Fig.3 Schematic diagram of rice-potted seedling ejection process
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Note: /; is the cam profile curve of the return section; /, is the cam profile curve
of the lifting section; /; is the vertical downward motion trajectory of the seedling
tray; v is the downward movement speed of the seedling tray, mm's '; o is the
angular velocity of the top-bar installation shaft rotating around the origin O,
rad's™'; 4B, A,B,, A,B, are the projection segments of the top-bar locate in /,,
A,.1B,.1, A,1B,.5, A,3B,; are the projection segments of the top-bar locate in /,,
mm; O4, is the line connecting the top-bar installation shaft and the origin O; 0 is
the angle between O4; and the X-axis, (°); 6, is the angle between the lines
connecting two adjacent top-bars and the origin O, (°); L, is the distance
between two adjacent top-bars in the Y-axis direction, mm; L, is the vertical
distance between /; and thee origin O, mm.
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Fig.4 Cam motion trajectory in return-lifting section of top-bar
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Note: /, is the cam profile curve for the rotation section; 4,8, is the projection
segment of the top-bar at the tangent point between /, and /; AsBs, A¢Bs is the
projection segments of the top-bar locate in /.
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Fig.5 Cam motion trajectory in rotary working section of
top-bar
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a. Potted seedlings tray

b. Seedling pot
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N HE B E L, h=25mm; b N T BB D C5 R BR R AR BE B,
h=14.43 mm.

Note: D, is the diameter of the upper hole of the seedling pot, D,=16 mm; d, is
the diameter of the lower hole of the seedling pot, d,=10 mm; 7, is the height of
the seedling pot, 7,=25 mm; 4, is the distance from the center of mass C of the
seedling pot to its bottom, #,=14.43 mm.
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Fig.6 D488P potted seedlings tray and seedling pot size
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Fig.7 Seedling-taking cam profile curve
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a. Kinematic diagram of seedling-taking top-bar mechanism
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b. Kinematic diagram of single seedling-taking top-bar
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Note: L, is the profile curve for seedling-taking cam; L, is the rotation profile
curve of the top-bar installation shaft; L; and L, are the slots on the follower
wheel disc and the driving toothed disc; 4B is the projection segment of the top-
bar on the vertical plane; 4 and C are the top-bar installation shaft and the end of
top-bar installation shaft; O, and O, are the rotation centers of the driving toothed
disc and the follower toothed disc; v, is the linear velocity of the top-bar
installation shaft, mm-s '; v, and v, are the velocity components of the top-bar
installation shaft in the X-axis and Y-axis directions, mm-s '; w; is the rotary
angular velocity of the driving toothed disc, rad-s™'; 6, is the angle between the
slot and the X-axis, (°).
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Fig.8 Sketch of parallel four-bar mechanism with
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a. Normal seedling-taking
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b. Pot body damage
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Note: F, is the ejecting force of the top-bar to the pot body, N; O, is force point
at the bottom of the pot body; F, and F), are the friction force of the upper and
lower seedling pot wall on the pot body, N; F, and F), are the supporting force
of the upper and lower seedling pot wall on the pot body, N; G is gravity of pot
body, N; 6, is the taper of pot body, (°).
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Fig.10 Analysis of ejection at initial seedling-tanking stage
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Table 1 Factor and levels of experiment

A it R TLEH
Levels Seedling age 4 oisture content of Seedhngs-ta‘ljﬂmg? 1
pot body B/% frequency C/(¥X-s ')
1 [ ) 40 4
2 = 50 6
3 =i 60 8

333 RXEWEAEAT

WO S Hye BRI, AR B 4 o 4
THHE it 8 (B R T C O URT Ry, D B B A
B RSB T 2 OO A, T

N,
H, = - x100% (19

K H, AICE RIIZE, Y% N, AR B Bk i 2
N, AT B4
WA 3 Hy: FETH IR A IR AR A R . AR R
AT VAR L N S BV AR, TC SR D B AR P
W A R, 2R B R R A
HEMNE 7 OB, HEWT:
N, ,
H, = 3 x100% (20)

b H OB, %; N, NIRRT HE.
334 HAEAE

KH Microsoft Excel 41T %4, 15T B D) 2 A0
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H 2~F 407, w3 AR AR E . BOE R
Uit/ IMA N 95.68%, FRIEN 100%, ~FHHEHN 98.25%,
Horp B AR AT 1573 B %N 95.68%~99.78%, T
e BT I N 95.90%~100%, FEL 12 BUE R IhE N
96.59%~100%, H HUE BT 2 B AR ES BE XM HE K, BEEE
PR 7R EFRIG R R SE NS, BRI TR
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Table 2 Experiment scheme and results of Yexiangyouhang 1573

U DA BB s

R 5 2%%]  Successrate Damage rate
Test No. 4 B ¢ Empty  of seedling of seedling
taking H,/%  taking H,/%

1 1 1 1 1 97.51 3.03

2 1 2 2 2 97.97 2.79

3 1 3 3 3 95.68 3.80

4 2 1 2 3 97.49 1.86

5 2 2 3 1 98.19 2.09

6 2 3 1 2 98.40 1.84

7 3 1 3 2 99.56 0.69

8 3 2 1 3 99.78 0.45

9 3 3 2 1 99.56 0.69

ky 97.05 98.19 9856 98.42
k,  98.03 98.65 9834 98.64
! ks 99.63 97.88 97.81 97.65

R 258 0.77 0.75 0.99

ki 3.21 1.86 1.77 1.94
ky 1.93 1.78 1.78 1.77
* ks 0.61 2.11 2.19 2.04

R 2,60 033 0.42 0.26

*®3 REHGREABREREEGR

Table 3 Experiment scheme and results of Huanghuazhan

PR v 75

Test No. 4 B C Empty H,/% H/%
1 1 2 1 9590 3.08
2 1 2 3 2 9637  2.83
3 1 3 1 3 96.83  3.29
4 2 1 3 3 9683 1.88
5 2 2 1 1 99.10 1.83
6 2 3 2 2 97.97  2.09
7 3 1 1 2 99.78  0.70
8 3 2 2 3 100.00  0.68
9 3 3 3 1 100.00  1.14

ky 96.37 97.50 98.57 98.33
ky 97.97 98.49 97.96 98.04

H, ks 99.93 98.27 97.73 97.89
R 3.56 0.99 0.84 0.45

ky 3.07 1.89 1.94 2.02

u ky 1.93 1.78 1.95 1.87
* ks 0.84 2.17 1.95 1.95

R 2.23 0.39 0.01 0.14

x4 AR R2ABRASRRER

Table 4 Experiment scheme and results of Yongyou 12

UAS) ]l
Test No. 4 B ¢ Empty H % H/%
1 1 3 1 96.83 3.05
2 1 2 1 2 97.51 2.34
3 1 3 2 3 96.59 3.29
4 2 1 1 3 98.87 2.07
5 2 2 2 1 98.86 1.83
6 2 3 3 2 97.29 2.56
7 3 1 2 2 100.00 0.67
8 3 2 3 3 100.00 0.68
9 3 3 1 1 100.00 0.68
ky 96.98 98.57 98.79 98.56

ky 98.34 98.79  98.48 98.27

H, ky 100.00 97.96 98.04 98.49
R 3.02 0.83 0.75 0.30

ki 2.89 1.93 1.70 1.85

u ks 2.15 1.62 1.93 1.86
* ky 0.68 2.18 2.10 2.01
R 222 0.56 0.40 0.16

3.5 BERMEERGERAFN

M 2~F 40 H, 3 MM S, K
i/ IMEN 0.45%, B RAEA 3.80%, ~“FIMEA 2.09%,
Horp B AT 1573 BUH 35 RN 0.45%~3.80%, 3KIE

S B IGE N 0.68%~3.29%, AL 12 UG E AN
0.67%~3.29%, H.HUH 4110 S B RRid 34 K gk /)y, BB
A 7K BRI RSN I Y G Y, I EE A R T 1
Ko HUH B0 35 U )% 2 A G 3, B )
R, DR .

HE 2~FK 4 &0 51, mBFERAL 1573 FIgeE 5
B 1007 28 1) IR 3 B e . BRI . BRAR S K
2, o AL 12 BB AR 28 00 = RIUT RS . AR
KE B . TS BRI kA, B R
RAKEHE SN A,B,C,, FFA 5 IR 25 BT 453473 2 5 1)
FEE

gi b, B3NS, EREE (B —O.
. EH ) L BRIRE KR (40%. 50%. 60%) Al
EUEAIR (4. 64 8IR/s) 26MF N, Ml BUm L Ih %
ECH P40 2 g me fe K, R AR B K 3R L B A R T A
XN, BUE B 3 5 BUE T 2 2 UM a3 . 1445
RRA, AR SCE AT B U %% BT R AR T A AR —
RESR, HXEASEVRAR S KA . B A3 B B 1 id
M
3.6 FFiRAIE

NIAER AR KA 4,B,C, (BRI N =t —ir, 5k
RS 7KEZEN 50% FNELFEANZE A 4 IR/s) X HLTE D2
B R ) aEma e, LA 12 PRI, $xi
1047 (140 ¥R, HE 3R, S5iRWE S .

*=5 EEWIERAIRER

Table 5 Repeat verification experiment results
i BT 3 TR ALITES

A
,Fi?]\;z Success rate of Damage rate of
) seedling-taking H,/% seedling-taking H,/%
1 100.00 0
2 100.00 0.66
3 99.33 0
P 99.78 0.22

HHEE 5 A, IR A B R 56U 0 Bl R T R
{H N 99.78%, HUHH IR BME R 0.22%, KALIE TR
REf I S KRR T PORRAE ML ZEoR, AT R SR ML AL %
(IRIF I SR AR AR S 4%

4 & B

D Bil T — MoK AR R T ek 100 SR 2
EALHUH AT IR B, FHRRB. MIFEBLPL R, #h
THEUE MR BT 2R 2 T U AT ML IS B AR A,
e 7B AT S5 8 T RS R R TR T Y]
GRS AE , A T B TOUAT B KA PR [l

2) FREFEALAT 1573 B L B 12 = AN KR
RS, ERE (PIH—0. =, =H—0) . Bk
BIKZE (40%. 50%. 60%) FIELHHE (4. 6. 8 /s)
ZAFTR, BRESKTEUE I E . BB R R R, B
PRE K B AR R AR X BN, B B R 5 B
FRINR R A

3) AR RRRES =0 BAR S K 50%. B
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(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[& £ 3 WKl
PR, EREE, A, & ARYUCE A T 0
IKFEAE KA = ' R [0]. B OV R B4R, 2021,
23(7): 162-171.
LUO Youyi, WANG Weiqin, ZHENG Huabin,

Influences of different mechanical and orderly planting

et al.

methods on growth characteristics and yield of rice[J]. Journal
of Agricultural Science and Technology, 2021, 23(7): 162-171.
(in Chinese with English abstract)

HAEME, Kok, %, & RENBIMBREAR SRS
AR TG H (7], PEEHALER, 2019, 40(6): 201-208.
XIA Qiangian, ZHANG Wenyi, JI Yao, et al. Research status
and trend of mechanical throwing seedling technology and
equipment in China[J]. Journal of Chinese Agricultural
Mechanization, 2019, 40(6): 201-208. (in Chinese with English
abstract)

WANG W Q, XIANG L, ZHENG H B, et al. Orderly
mechanical seedling-throwing: An efficient and high yielding
establishment method for rice production[J]. Agronomy, 2022,
12(11): 2837-2837.

SRR, BUHEAS, R, S o ER KRR R
S, PR, 2021, 54(7): 1301-1321.
ZHANG Hongcheng, HU Yajie, Yang Jianchang, et al.
Development and prospect of rice cultivation in china[J].
Scientia Agricultura Sinica, 2021, 54(7): 1301-1321. (in
Chinese with English abstract)

ERE, BRI, BRouth, S5 KRBHE A 7Bk
B0 77 R RN AEAOR B R AR E[0]. PR 4, 2021,
47(5): 942-951.

WANG Weiqin, TANG Qiyuan, CHEN Yuanwei, et al.
Evaluation of orderly mechanical seedling-broadcasting on
yield formation and growth characteristics of rice[J]. Acta
Agronomica Sinica, 2021, 47(5): 942-951. (in Chinese with
English abstract)

YEBL, YIWM, YU G H, 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.

REFR, AT, MRR, AT R RKFES L
WY IE SR B it T i FE 0] AR ML BLB A4, 2020, 51(2):
85-93, 102.

WU Guohuan, YU Gaohong, YE Bingliang, et al. Forward-
Reverse design method for rice potted seedling transplanting
mechanism  with compound planetary gear train[J].
Transactions of the Chinese Society for Agricultural Machinery,
2020, 51(2): 85-93, 102. (in Chinese with English abstract)
REFN, AUELL, WS, AF. R BB KRR RS L
vt 5G], Aol TRAHR, 2017, 33 (15): 15-22.

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

WU Guohuan, YU Gaohong, XIANG Xiaojie, et al. Design
and test of rice potted seedling transplanting mechanism with
three transplanting arms[J]. Transactions of the Chinese
Society for Agricultural Engineering (Transactions of the
CSAE), 2017, 33(15): 15-22. (in Chinese with English abstract)
AL, &, WHH, & R AUKREREE BRI K
THSEE ). AL HUETR, 2019, 50(7): 100-108.

YU Gaohong, JIN Ye, CHANG Shushu, et al. Design and test
of clipping-plug type transplanting mechanism of rice plug-
seedling[J]. the
Agricultural Machinery, 2019, 50(7): 100-108. (in Chinese
with English abstract)

ZHOU M L, WEI Z X, WANG Z L, et al. Design and
experimental investigation of a transplanting mechanism for
super rice pot seedlings[J]. Agriculture, 2023, 13(10): 1920.
XK, PMVARR, H &, ORI R RERE
BBt 5 IR W R Rk CE AR RO
2017, 43(3): 324-328.

LIU Xin, SUN Songlin, XIAO Mingtao, et al. Design and

experimental of flexible clamping and pulling device for rice

Transactions of Chinese Society for

potted—seedling[J]. Journal of Hunan Agricultural University
(Natural Sciences), 2017, 43(3): 324-328. (in Chinese with
English abstract)

MW, 2,
CN201710045987.2[P]. 2018-05-01.
BT, XUIRHE, MM, & BATE/KBYHEREIE
B E B 5] AR AR, 2020, 51(4): 50-59.
CAI Jinping, LIU Muhua, XIAO Liping, et al. Design and

experiment of transplanting device with variable row-spacing

Lo PR R B

EA
W,

of rice potted seedling Transplanter[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2020, 51(4): 50-59.
(in Chinese with English abstract)

TR, Ry, T — MR iEHES] R T AR AL
FJ: CN202220563107.7[P]. 2022-07-15.

T, EEX, skBak, 5. RIS A FF Bl
W] H ER YL, 20093): 72-75.

TANG Yangin, WANG Yuxing, ZHANG Dianwu, et al.

Research on four-wheel drive pneumatic throwing transplanter

of paddy seedling[J]. Journal of Chinese Agricultural
Mechanization, 2009(3): 72-75. (in Chinese with English
abstract)

MRS, T/ N R A AL G S W FED]. S
ALK, 2017,

LIN Jianming. The Study and Improvement of Pneumatic
Transplanter Based on Small Chassis[D]. Guangzhou: Huanan
Agricultural University, 2017. (in Chinese with English abstract)
oA, EEM, BT, 5 OKBEAA IR
ZLFERFI]. ARHLHTTE, 2019, 41(7): 159-165.

YAO Yingjie, WANG Yuxing, TANG Yuqin, et al. Research
on the movement of paddy pot seedlings in the process of

pneumatic ordered throwing transplantation[J]. Journal of


https://doi.org/10.3390/agronomy12112837
https://doi.org/10.3864/j.issn.0578-1752.2021.07.001
https://doi.org/10.3864/j.issn.0578-1752.2021.07.001
https://doi.org/10.3724/SP.J.1006.2021.02032
https://doi.org/10.3724/SP.J.1006.2021.02032
https://doi.org/10.3724/SP.J.1006.2021.02032
https://doi.org/10.25165/j.ijabe.20171006.2712
https://doi.org/10.25165/j.ijabe.20171006.2712
https://doi.org/10.6041/j.issn.1000-1298.2019.07.010
https://doi.org/10.6041/j.issn.1000-1298.2019.07.010
https://doi.org/10.6041/j.issn.1000-1298.2019.07.010
https://doi.org/10.3390/agriculture13101920
https://doi.org/10.6041/j.issn.1000-1298.2020.04.006
https://doi.org/10.6041/j.issn.1000-1298.2020.04.006
https://doi.org/10.6041/j.issn.1000-1298.2020.04.006
https://doi.org/10.3969/j.issn.1003-188X.2019.07.030
https://doi.org/10.3969/j.issn.1003-188X.2019.07.030
http://www.tcsae.org

%1

WRAE S5 7RO B A v o i 0 T R 2 B 5 1k 73

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(25]

Agricultural Mechanization Research, 2019, 41(7): 159-165.
(in Chinese with English abstract)

ki, BE, RES, IOV E KRR
PRAARA R B )], AL TR AR, 2019, 35(4): 37-45.
HAN Lvhua, MAO Hanping, ZHAO Huimin, et al. Design of
root lump loosening mechanism using air jets to eject vegetable
plug seedlings[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2019,
35(4): 37-45. (in Chinese with English abstract)

BRI, EEE, OFH, & KBRS TBERARA
B RANLIBE T[], 4l TR 4R, 2003(6): 130-134.
BAO Chunjiang, LI Baofa, BAO Wenyu, et al. Air-sucking
sequential rice transplanter for air-pruning tray grown
seedlings[J]. of the Society of
Agricultural Engineering (Transactions of the CSAE), 2003(6):
130-134. (in Chinese with English abstract)

Rz, FFAr, sk, W AOKRE kv 4 8 s B kL
M [I]. IR AR, 2023(3): 18-21.

TE R, BRezhE, @M, SOKREEEA TR
UK Z B D]. VLT3 K224k CHARBEARRD , 2008,
29(2): 101-105.

ZHANG Guofeng, CHEN Jianneng, LI Jianqiao, et al.

Parameter optimization of ejection mechanismof ordered

Transactions Chinese

transplanter for plotted rice-seedling[J]. Journal of Jiangsu
University(Natural Science Edition), 2008, 29(2): 101-105. (in
Chinese with English abstract)

wEb, GkEJR, BT T TRIZ 2R o SR B 0 0
FPOORRALR)]. W TBE TR 2544, 2009, 26(3): 375-378.
YANG Ke, ZHANG Guofeng, ZHAO Yun. Innovative design
of ordered detrusion rice-seedling throwing device by TRIZ
conflict settling principles[J]. Journal of Zhejiang Sci-Tech
University, 2009, 26(3): 375-378. (in Chinese with English
abstract)

JRE, wER, Brdge, & Tl SUKRBHE A PR
PLEIBE L], #H T TR 2540, 2011, 28(5): 749-752.
YUAN Xinbin, ZHANG Guofeng, CHEN lJianneng, et al.
Development on rice plotted-seeding sequential transplanter of
ejection type[J]. Journal of Zhejiang Sci-Tech University, 2011,
28(5): 749-752. (in Chinese with English abstract)
e N BRI E AR R A . KA AR BRI : NY/T
1607-2008[S]. dbxi: HEF H AR, 2008.

BE, REAR, Tk, SRR L L XS KPR
TR R v W T A 5T R 7 R R R (T Rk TR A R,
2022, 38(12): 1-11.

JIA Xuan, SONG Jiannong, WANG lJicheng, et al. Effects of

[26]

(27]

(28]

[29]

[30]

(31]

seedling age and substrate soil ratio on the population quality
and yield of late rice of machine-transplanted large-pot carpet
seedlings[J]. Transactions of the Chinese
Agricultural Engineering (Transactions of the CSAE), 2022,
38(12): 1-11. (in Chinese with English abstract)

FHppE, IR, KIBAT, SRR AR X LA AL 2%
ARG R BT R AN I B S e )], b RS K,

2024, 30(3): 91-97.

WANG Kunting. FENG Yuan. LIU Mengzhu. et al. Effects of

sowing rate and seedling age on seedling quality, yield and

Society of

processing quality of mechanically transpanted hybrid rice[J].
China Rice, 2024, 30(3): 91-97. (in Chinese with English
abstract)

WHEEE, R BRNI, & A FIRREE XV VL X X =0
PAE 2R R s s, P EFREK, 2017, 23(6): 97-100.
PAN Zhijun, WU Xiaowen, CHEN Gang, et al. Effects of
different seedling ages on seedling quality and yield
components in double-cropping late rice in middle and lower
reaches of yangtze river[J]. China Rice, 2017, 23(6): 97-100.
(in Chinese with English abstract)

A, B, 4t S5 ISR T SORS B
s R FARIR AT T[], AR TR, 2019, 35(12): 21-28.
FENG Shijie, YAN Bo, QUAN Wei, et al. Mechanical analysis
of seedling detaching from movable tray and influence factors
of adhesion[J].
Agricultural Engineering (Transactions of the CSAE), 2019,
35(12): 21-28. (in Chinese with English abstract)

HESE, XIEE, X, .S AR RN IRIR A S
FCH T % B AR IR A T[], R LM 2R, 2022, 53(S1):
110-117.

HU Jianping, LIU Yutong, LIU Wei, et al. Experiment on

Transactions of the Chinese Society of

combiner seedling picking device with top clamping and
pulling[J]. Transactions of the Chinese Society for Agricultural
Machinery, 2022, 53(S1): 110-117. (in Chinese with English
abstract)

whextl, B|FF, WIS, S NG BRI E
FEHEARIG[]. Ak TFEZEHR, 2013, 29(2): 24-29.

HAN Lvhua, MAO Hanping, HU Jianping, et al. Experiment
on mechanical property of seedling pot for automatic
transplanter[J].
Agricultural Engineering (Transactions of the CSAE), 2013,
29(2): 24-29. (in Chinese with English abstract)

o AN B R R b RS P K R B LA L BT R
NY/T 989-2020[S]. dbxt: = EA& ML H AR AE, 2020.

Transactions of the Chinese Society of


https://doi.org/10.3969/j.issn.1003-188X.2019.07.030
https://doi.org/10.11975/j.issn.1002-6819.2019.04.005
https://doi.org/10.11975/j.issn.1002-6819.2019.04.005
https://doi.org/10.11975/j.issn.1002-6819.2019.04.005
https://doi.org/10.3321/j.issn:1002-6819.2003.06.031
https://doi.org/10.3321/j.issn:1002-6819.2003.06.031
https://doi.org/10.3321/j.issn:1002-6819.2003.06.031
https://doi.org/10.3969/j.issn.1004-9908.2023.03.014
https://doi.org/10.3969/j.issn.1673-3851.2009.03.015
https://doi.org/10.3969/j.issn.1673-3851.2009.03.015
https://doi.org/10.3969/j.issn.1673-3851.2009.03.015
https://doi.org/10.3969/j.issn.1673-3851.2009.03.015
https://doi.org/10.3969/j.issn.1673-3851.2009.03.015
https://doi.org/10.3969/j.issn.1673-3851.2011.05.020
https://doi.org/10.3969/j.issn.1673-3851.2011.05.020
https://doi.org/10.3969/j.issn.1673-3851.2011.05.020
https://doi.org/10.3969/j.issn.1673-3851.2011.05.020
https://doi.org/10.11975/j.issn.1002-6819.2022.12.001
https://doi.org/10.11975/j.issn.1002-6819.2022.12.001
https://doi.org/10.11975/j.issn.1002-6819.2022.12.001
https://doi.org/10.3969/j.issn.1006-8082.2024.03.016
https://doi.org/10.3969/j.issn.1006-8082.2024.03.016
https://doi.org/10.3969/j.issn.1006-8082.2017.06.023
https://doi.org/10.3969/j.issn.1006-8082.2017.06.023
https://doi.org/10.11975/j.issn.1002-6819.2019.12.003
https://doi.org/10.11975/j.issn.1002-6819.2019.12.003
https://doi.org/10.11975/j.issn.1002-6819.2019.12.003
https://doi.org/10.6041/j.issn.1000-1298.2022.S1.012
https://doi.org/10.6041/j.issn.1000-1298.2022.S1.012
https://doi.org/10.6041/j.issn.1000-1298.2022.S1.012

74 Ak TREZH (http://www.tcsae.org) 2025 4E

Design and experiment of the cam progressive ejecting-out seedling-taking
device for rice potted seedlings

CHEN Xiongfei , HUANG Huolong , LIAO Zhongwei , YU Jiajia , LIU Jun'an ,
XIAO Liping , WU Jinfeng , LIU Muhua™

(1. College of Engineering, Jiangxi Agricultural University, Nanchang 330045, China; 2. Jiangxi Provincial Key Laboratory of
Modern Agricultural Equipment, Nanchang 330045, China)

Abstract: A rice potted seedling throwing machine is required for high stability in high-speed operation, high adaptability to
different seedling ages, as well as a low damage rate in the seedling-taking device. In this study, a cam progressive ejecting-out
seedling-taking device was designed for the rice potted seedling, according to the quadratrix curve and parallel four-bar
mechanism. The quadratrix curve was taken as the profile curve of the return section and lifting section of the seedling-taking
cam. While the elliptic curve was used as the contour curve of the rotary section of the seedling extraction cam. The trajectory
equations of the return section, lifting section, and rotary section of the seedling-taking top-bar were established to determine
the profile curve of the seedling-taking cam. Subsequently, the kinematic model of the seedling-taking top-bar mechanism and
a single-group seedling-taking top-bar were established to determine the downward motion relationship between the seedling-
taking top-bar and the potted seedling tray. As such, the horizontal movement of the seedling-taking top-bar was analyzed to
determine the relationship between the rotational speed of the seedling-taking top-bar mechanism. The ejection state of the rice
potted seedling was further explored during the initial seedling-taking stage. Furthermore, the maximum limit rotational speed
of the seedling-taking top-bar mechanism was ultimately determined in conjunction with actual operations. A systematic
investigation was implemented to explore the effects of different factors on the working performance of the seedling-taking
device. Yexiangyouhang 1573, Huanghuazhan, and Yongyou 12 were selected as the test varieties. Taking the seedling age
(two-leaf one-heart, three-leaf, and three-leaf one-heart), moisture content seedlings (40%, 50%, and 60%), and seedling-taking
frequency (4, 6, and 8 times/s) as test factors, orthogonal experiments were conducted with the success rate and damage rate of
seedling-taking as evaluation indexes. The specific experiments were carried out in the Key Laboratory of Modern Agricultural
Equipment at Jiangxi Agricultural University. The experiment results indicated that the success rates of seedling-taking ranged
from 95.68% to 100% for the three rice varieties. The damage rate of seedling-taking was ranged from 0.45% to 3.80%. At the
same time, the seedling age shared the greatest impact on the success rate and damage rate of seedling-taking, while the
moisture content seedlings and seedling-taking frequency presented relatively smaller effects. A negative correlation was
observed between the damage rate and success rate of seedling-taking. The seedling-taking device was used for the subsequent
optimization. Data analysis was used to determine the optimal combination of test factors. An optimal combination was
achieved with three-leaf one-heart seedling age, 50% moisture content, and a seedling-taking frequency of 4 times/s. The
average success rate of seedling-taking for the variety Yongyou 12 was 99.78%, and the average damage rate of seedling-taking
was 0.22%. The seedling-taking device can effectively improve the existing seedling-taking mechanisms of seedling-throwing
machines. The finding can provide the key technologies and core components for the subsequent development of efficient, low-
damage, and orderly rice potted seedling throwing machines.
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