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Optimization Design and Test of Seedling Picking and Throwing
Device of Plug Seeding Transplanter Based on DEM — MFBD
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(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
2. Shandong Provincial Engineering Laboratory of Agricultural Equipment Intelligence, Taian 271018, China)

Abstract; Aiming at the problem of low seedling picking success rate, high damage rate and poor
stability of pepper transplanter, a kind of clamp-puncture end effector and pneumatic system was
proposed based on the operation mode of taking seedlings in whole row and throwing seedlings at
intervals. The structural configuration and working principle of device was analyzed and the kinematics
and dynamic model was established. Based on the physical characteristics of pepper plug seedlings and
analysis of boundary condition, the main parameters range of the newly improved end effector was
determined. Simulation test based on ADAMS and FluidSIM — P 3.6 were carried out to verify the
reasonability of the structure and response time sequence of pneumatic actuator. The coupling simulation
test based on EDEM and RecurDyn turned out that the improved structure had a better performance.
Aiming at the success rate of seedlings picking and the loss rate of substrate, single factor test and
analysis were carried out on the key factors such as needle interval, needle insertion stroke and needle
insertion angle. According to the results of single factor test, the orthogonal test, variance analysis and
response surface analysis were carried out. The optimal parameters were obtained as follows: needle
interval was 12. 25 mm, needle insertion angle was 50.37°, needle insertion stroke was 14.21 mm, the
seeding picking success rate, substrate loss rate were respectively 97.44% and 2.13% . Bench
verification test showed that the success rate of seedling extraction was 97. 92% and the matrix loss rate
was 2. 21% . The relative error between verification result and the predicted value was less than 5% .
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Fig.7 Kinematic and dynamics model of clamping structure
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Fig.9 Stem bending deformation of clamping
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Fig. 14  Contact force model of Hertz
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Fig. 16  Plug seeding status of transporting process
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Tab.5 Schemes and results of orthogonal experiment

£S5 EXHEAREER

Ak Bl SRR
B OREE  BGE mae
I %/ % K/ %
[BI#E/mm f7f/mm A+Ff/(°)
1 14 14 50 97.26 1.87
2 14 14 50 97.32 2.07
3 18 12 50 97. 08 4.71
4 18 16 50 96. 60 3.31
5 10 16 50 97.55 3.27
6 14 12 60 97.12 3.78
7 14 12 40 97. 30 2.83
8 14 16 60 96. 59 1.27
9 14 14 50 97.43 2.04
10 10 14 60 97.72 3.94
11 10 14 40 97.55 4.86
12 14 16 40 97.22 2.73
13 18 14 40 97. 47 4.98
14 14 14 50 97.27 2.05
15 10 12 50 97. 66 3.88
16 14 14 50 97.33 1.83
17 18 14 60 96. 58 4.86
Fo6 EHEHNEFENSN
Tab.6 Variance analysis of Y,
KR 7 fil F R ¥r P
H Y 1.98 9 0.22 <0.000 1
A 0.99 1 0.95 <0.000 1
B 0.12 1 0.29 <0.000 1
c 0.19 1 0.18 0. 000 4
AB 0.28 1 0.28 <0.000 1
AC 0.03 1 0.03 0.0279
BC 0.05 1 0.05 0.0121
A? 0.03 1 0.03 0.0328
B? 0.03 1 0.03 0.0470
c? 0.15 1 0.15 0. 000 7
W% 0.0313 7 0. 004
KA 0.0130 3 0. 004 0.4952
PR 0.0182 4 0. 005
Mt 2.015 4 16
xRT BERBKREFESN
Tab.7 Variance analysis of Y,
b3 FJr il 19 HEE ¥ 07 P
A Y 23. 86 9 2.65 <0.000 1
A 0. 46 1 0. 46 0.001 8
B 0.3 1 0.3 0.0055
c 2.67 1 2.67 <0.000 1
AB 0.16 1 0.16 0.0235
AC 0.16 1 0.16 0.024 7
BC 1.45 1 1.45 <0.000 1
A? 15.42 1 15.42 <0.000 1
B? 2.52 1 2.52 <0.000 1
c? 0.037 1 0.037 0.209
k2% 0.13 7 0.019
ES e 0. 084 3 0. 028 0.2313
PRI 0. 051 4 0.013
Bt 24 16

WUR ) A Y, 5 A R Y, [l A B (Y P
{EH /T 0.000 1, Ui WA AL 4 9 25, R L0000 P {H 3
KT 0.05, 356 B 2 400300 1 O I 35, [l 5 A AU 4015 4K
RBT . PIRER T BGE £F REE AR A A — IR
1) P AR/ T 0. 01, 3 B HX - B il 2 56 5 2k ot
PNE SR RCR ST AN WV N Y]
RAAWEZEL W (P <0.01),AC BC X HUH 1Y)
KA RFZW (P <0.05) ; 2 HIAB AC X 3k it
PR A BA B E LW (P <0.05) , BC X 5 55 2k %
HAWBZFEZE (P <0.01), Y, Y, [nl 94 18 gk
ZECR Ay K 0.984 4 F10.994 4, K¢ 1F e iE R B
R, 43120 0.964 4 Fi10.987 2,48 5 R4 C, 4351k
0.069% F1 4.34% , {% W H 4y %] & 23.719 Fi
34.096 , 15t W T 40 G 1y T A 70 EL A A v Y T RE M
5.4 ImRZ S

AR 5T 28 BAE FH G O B ) 2 5 B8 5 i 2% R 1)
SR 22 i 52 T e R A0 ] 20 FRR

Kl 20a fios , A+ 2 40° 0, BUET B2 2 bl
EBCE A 1) R /N B 38 O, A AR o 60° B B B
Ty & Tt WU B E] B 0 O REAS DR 4 1H E 5 ] B R
12 mm B, PG B2 28 Bl - A 0 318 K 218 14 K 1)
PR 18 mm B, BT A B 3 BE A - A 00 389 K T s
/N i 20b Fros, A R R 4008 BCRT BB 2 Rl
AT AR K0/, At A1 60° B, T B 2 BEAT
FRYE RS 1 K5 W/ s 47 24 12 mm B, B B D)
B A T A R AR R AT RN 16 mm I, HCH
BT FE B A A A 3G B B, W& 20e R, ]
FE R 10 mm B, JBCHT B ) 258 1 Bt A7 A2 09 3 K S 16 K
JEU/N, T EE S 18 mm B, HCHT B 2l 28 B A7 2 A 3
KW Gl 20d Bros , A 4 A BUE — 7K 7 B 3
JoT 461 % A& 18 I 1) B 1) 184 O S8 s/ IS 3, X AE T
(][] PR A 50wl W AE ™ A2 T B i 22 5% . WAl 20e
fizs s A A1 oh 400} ko 4 2% 32 Bl AT FE 1 4 O BE
ARGFREE , A AR 60°mE, F 5T 5 2% R B AT FE Y
HER MW/ AT FE N 12 mm ) 25 57 403 2K 2 B A 1
FIG RS/ G 3 K AT FE R 16 mm B, KR 5T 48 2K
R A A 3G RN . A 201 f s, 47 R EUE
— 7K P I 2 JBT A % 3 2 B [R] BR Y 3 OK S e e 4
K, DX A T [ [a] BEAR B0 T 9 e g {8 7™ 2 T B i
25 L5 LR, 45 K ] 28 BAR X e A8 A 5%
M) 5 5 22 A i 4 e — 3K
5.5 SEMAUSAWIIE

SRy PR I A8 Ry BB B B 236 5 A I R o 4 2k 3,
JH Design-Expert X} H 45 ok #1706 K . B An



56 & o Bl B ¥ i

2
14
s

(d) ¥,(4,0,0)

maxY, (A,B,C)
minY, (A,B,C)
-1<A<l1 (23)
s.t.!{ -1<sB<l1
-lsCsl
2R, S EA A R O EF RN 1225 mm (J
AR A LA 50.37° MR EFAT AR 14,21 mm, BT AR
D% N 97.44% FETRA R Ry 2. 13% o[BI )5 fx
B H0h B R PR 12,3 mm B EF A £ £ 50°
BB AT 14,2 mm, DU S EGHE AT S HEER 11 1Y
il 5 M5 5 4R A, A 21 TR

6

AT &

K21 AR E

Fig. 21
LEJIHE 2.8L88 3.3 dmAl 4. W#F 5. &N 6. 3K
HARE T OREHE 8 ARMPATA 9. SR

PEAT BRI 40 15 < ORI R 97.92% |,
B R AR 2. 21% , 5] 5[] U0 R 2R i 245 2R AH 22

Equipment of test

(b) ¥,(0.8.C)

(e) Y,(0.B.C)

14 P
14 o
Fa %)
iy 1618 @:@
(¢) ¥,(4,B,0)

() Y,(4,B,0)
B 20 350 P 2 28 AR R X BT A T 2R R0 3 S5 Ak SR i 1 g oz gl e

Fig.20 Interaction influence of test factors on Y, and Y,

0.49% 5 3.8% , IU AT B 4% 1 26 B R 9 &R & foh &
() B R 2.5 s, U 49038 1] 38 128 #K/min, Z5FF TG
5 5B 4, R AR E L SO R, W T

6 #it

(1) BEdt 1T — b i Je e gl 2 B 2 A i A
Tras, 455 I e e Be 0 i IR 3 5
FAF o M AR S AT d B E A S B AT T 30T
K DEM —MFBD J5 %4578 1 R g B R HOR ST
PRE O HLBE B T 4 e Bk 3 XA H B T FE TR
Jedt .

(2) FE T B HE R | [ B 5 8 09 7Rk 7 Xt
TR B A E R R S, A FluidSIM — P 3.6
XHRAT TCPF I S A i e 4T T A 3 A, B 1<
2y [ A 7 S5 L

(3) % JH Box — Behnken 0o 41 & it 7 S ik
SET RUIRCHRT BT 38 S T 40 K 5 T A 48 AR A [ )0
PR i 2 E S T 22 23 W 5 R T A A T
R S AT 45 O PR 2 X0 45 b 114 5 e LA SR A
S HOF AT Y UE S, LU0 45 R R W] 3255 B O
IR 97.92% HE TR AN 2.21% , T 2E AT
(B SR et a3 N

& % x Wt

(1] BRORZE, Ak i 5, 4. @A SRR LB R BUR MR [T]. h EAR LA 2 42 ,2018,39(7) : 98 - 102.

CHEN Dajun,HOU Jialin,SHI Guoying, et al. Analysis on the current situation of technology of domestic dryland transplanter



%12 8 AR 45 . F£F DEM — MFBD (¥ BRHURS % WL EBCHE 7 2% & 3 i1 5l 6 57

(2]

(3]

[4]

[5]

[6]

[7]

(8]

[13]

[14]

[15]

[16]

[J]. Journal of Chinese Agricultural Mechanization,2018,39(7) : 98 —102. (in Chinese)
HU S Y,HU M J, WEI Y, et al. Design and experiment of an integrated automatic transplanting mechanism for picking and
planting pepper hole tray seedlings[ J]. Agriculture,2022,12(4); 557.
BUNE, BT, w55 BN RO SRRSO ERERE R R AT [T ] A AR 24,2013 44 (15T 1)+ 27 -32.
MIAO Xiaohua,MAO Hanping,HAN Liihua,et al. Analysis of influencing factors on force of picking plug seedlings and pressure
resistance of plug seedlings[ J]. Transactions of the Chinese Society for Agricultural Machinery,2013,44 ( Supp. 1) : 27 - 32.
(in Chinese)
B XU E AR, 4. B3R A BRI TR 4k 24 & NG 4 B I oy [T ] A AU 24 4 ,2022,53 (3 7 1) : 110 -
117,184.
HU Jianping,LIU Yutong,LIU Wei,et al. Experiment on combined seedling picking device with top clamping and pulling[ J].
Transactions of the Chinese Society for Agricultural Machinery,2022 ,53 (Supp.1): 110 =117, 184. (in Chinese)
BRI SC, A EN L. SRR B S R B B [T]. R PLETESY,2021,43(2) : 84 - 88.
GE Rongyu,XTAO Haiwen, JT Yuchuan,et al. Design of automatic seeding picking device for plug seedling transplanter[ J].
Journal of Agricultural Mechanization Research,2021,43(2); 84 —88. (in Chinese)
TRBAE e ok, il b, 4. B ki B R 2 AR MU R AR AL DAL B3 530 [ T]. R MU 224 ,2022,53(7) : 67 - 73.
NA Mingjun, TENG Le, ZHOU Kun, et al. Optimal design and experiment of planting mechanism of dryland pot seedings
transplanting compound machine[ J]. Transactions of the Chinese Society for Agricultural Machinery,2022,53(7): 67 —73.
(in Chinese)
FRPE SR E S, B0, A BHUEMALAL BB O R TR BUIR 5 R SR T]. T EAR ML 4] ,2022,43(8) : 22 -31.
ZHANG Ni, ZHANG Guozhong, WANG Jiao, et al. Research status and development trend of upland crops mechanized
transplanting key technologies[ J]. Journal of Chinese Agricultural Mechanization,2022,43(8) : 22 =31. (in Chinese)
ATRLL, E& L, VR 5. RIHUAL RS R BOR 5 WPt s J [ 1] A WL 2 31 ,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)
ISLAM M N,IQBAL M Z,ALI M, et al. Kinematic analysis of a clamp-type picking device for an automatic pepper transplanter
[J]. Agriculture,2020,10(12) ; 627.
ATEAL, At , W BB, 5. ek UK R B R ML BT 538 [ 1] Ol BLB 2 3] ,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]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(7) : 100 - 108. (in Chinese)
SCK R, R, 5T, A B NEL HIATUN AOROA E TR [T]. Rk TR 2% 4 ,2020,36(22) = 96 — 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)
WESE T BH M 2, X555 B SRR LR T s R AR B AT [T ] Aol L2241 ,2020,36(6) : 1 - 10.
XIE Shouyong, YANG Shanghong, LIU Jun,et al. Development of the seedling taking and throwing device with oblique insertion
and plug clipping for vegetable transplanters[ J]. Transactions of the CSAE,2020,36(6): 1 —10. (in Chinese)
B, £V WITRA 55 TS FE TR AT A R ML e B R SR [ D] A BLR A=) ,2020,51(11) : 93 - 102.
LIAO Qingxi, WANG Yang, HU Qiaolei, et al. Design and experiment on pick-up device for rapeseed substrate seedling
transplanter[ J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(11): 93 —=102. (in Chinese)
B A BR L, %, B2 T EDEM — RecurDyn 1448 3¢ R Oy E AR AL 580 [T]. Al ALK A% ik ,2022,53(5)
75 -85, 301.
HU Jianping,PAN Jie, CHEN Fan,et al. Simulation and optimization design of finger-clamping seedling picking claw based on
EDEM — RecurDyn[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53 (5) .75 - 85, 301. (in
Chinese )
RN, M 70 IR IR A BUBOE T A iR AL BT S [T ], Rk TR A4 4R ,2021,37(13) ; 20 - 29.
HAN Changjie, XIAO Liqgiang, XU Yang,et al. Design and experiment of the automatic transplanter for chili plug seedlings[ J].
Transactions of the CSAE,2021,37(13): 20 =29. (in Chinese)
EML XV, K, . BB RS T R R R B 5 [T ] ROk P A 0, 2021,52(5) « 35 -
43,51.
WANG Chao,LIU Cailing,LI Yonglei, et al. Design and experiment of pneumatic punching high-speed seedling picking device
for vegetable transplanter[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(5) : 35 -43,51. (in
Chinese)
HEM, D, HAC A RS W BRI IR S 8 A (] B ROl e 241, 2022,27(5) - 22 - 38.
TIAN Zhiwei,MA Wei, YANG Qichang,et al. Research status and problem analysis of plug seeding transplanter in greenhouse
[J]. Journal of China Agricultural University,2022,27(5) : 22 —38. (in Chinese)
HU S Y,HU M J,ZHANG W Y. Design and experiment of flexible clamping device for pepper plug seedlings[ J]. Advances in
Mechanical Engineering,2022,14(6) . 168781322211072.
(THET W)



512 1) VR 2 I 2RbR oL AR BE AL - BR W AL 5 il 87

[14]

[15]

[16]

[21]

[22]

method[ J]. Transactions of the CSAE, 2021, 37(20) : 53 —62. (in Chinese)

TIRE, B RELEMBEYHTT IR MR R KR EHA[T]. hEB AR, 2021, 51(10) : 1447 - 1456.
DING Zhaojun, BAI Yang. The current and future studies on plant root development and root microbiota[ J|. Science China:
Life Sciences, 2021, 51(10) : 1447 - 1456. (in Chinese)

Eal, K, WA, . 518 MBS UGRPLA B D) #1E S Sal [T ] Aol LR, 2020, 51(9) .
73 -81.

WANG Jinwu, GUAN Rui, GAO Pengxiang, et al. Design and experiment of single disc to top cutting device for carrot
combine harvester[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(9) : 73 —81. (iin Chinese)
WRF-5%, Vi, B, 45 B 0 AR BUR N ot pL i s Sk [T ]. Uit 5k, 2021(2) : 299 -303.
CHEN Pinglu, XU Jing, ZHAI Yinmin, et al. Design and experimental study of vertical micro-cultivator for low trees in hilly
orchard[ J]. Machinery Design & Manufacture, 2021(2) : 299 —303. (in Chinese)

MARIEM A, CHRISTIAN F, TINO D, et al. Parameterising wheat leaf and tiller dynamics for faithful reconstruction of wheat
plants by structural plant models[J]. Field Crops Research, 2018, 218 213 —230.

AL He T B HOCEE BB BHE L 05 B SRR (D] KR BIETL A\ —&k B K% ,2015.

DENG Jiayu. Simulation and experimental study of the subsoiler tillage resistance based on discrete element method [ D ].
Daqing; Heilongjiang Bayi Agricultural University, 2015. (in Chinese)

Tofli, skE 5, ka8, 5. RIS/ R SR B DL A BB e e Bk ) B oE R [T ], Al TR A=, 2019, 35(4) .
72 - 80.

LI Yunwu, ZHANG Guoyong, ZHANG Zhi, et al. Development of low power-consumption multi-helical rotavator for small
vertical-shaft deep-cultivator[ J]. Transactions of the CSAE, 2019, 35(4): 72 - 80. (in Chinese)

WRédE, B/, BRET, . HET EDEM — Fluent 54 i B L8R 05 B 0T [T]. FRAbR K24, 2022,
53(3): 70 -79.

CHEN Jinchu, XI Xiaobo, YIN Huizi, et al. Simulation analysis and gas explosion loosening soil effect based on EDEM —
Fluent coupling[ J]. Journal of Northeast Agricultural University, 2022, 53(3): 70 —=79. (iin Chinese)

XMR 2. BT B HOT I MR S8 XA H 25 G RO FE [ D], deat: PER LK, 2018.

LIU Jun’an. Study on subsoiler parameters optimization and comprehensive effect of subsoiling based on the discrete element
method[ D]. Beijing: China Agricultural University, 2018. (in Chinese)

ROBLL, XIDUN, B, &, FORFEFFE B 22 G0 2 WG Bt 5 & Mot 50T ). RO ALM 4R, 2021, 52(3) .
75 -87.

ZHAO Shuhong, LIU Hanpeng, YANG Chao, et al. Design and discrete element simulation of interactive layered subsoiler
with maize straw returned to filed[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(3) . 75 - 87.
(in Chinese)

(L#EESTR)

[19]

[20]

[21]

[22]

WU, WIAUE , 9K SR, 5F . BB W 25 AT 2 AR IR SO B AT LT ). B HLAL 2 4R 2022 ,43(3) : 9 - 18.
HU Shuangyan,HU Minjuan, ZHANG Wenyi, et al. Experimental and simulation study on mechanical properties of stem of
pepper hole seedlings[ J]. Journal of Chinese Agricultural Mechanization,2022,43(3) : 9 —18. (in Chinese)
TR, 28 B o A B 2R N A i s [T ] R ALY ,2020,42(8) : 161 - 167.

MA Xiaoxiao,LI Hua, GE Yun,et al. Experimental study on mechanical properties of tomato seedling stem[ J]. Journal of
Agricultural Mechanization Research,2020,42(8) : 161 - 167. (in Chinese)

XNBEZR , B4R, S S0, 55 Fibs R i e eI pr e (1] RIS ,2020,42(7) « 180 - 185.

LIU Xiaodong, WANG Chunguang,GUO Wenbin,et al. Experiments on bending mechanical properties of sweet sorghum|[ J].
Journal of Agricultural Mechanization Research,2020,42(7); 180 - 185. (in Chinese)

LE . AW a B PR RO B R LI S R Tt 2 IO AL A SR [ D] RV TIR R, 2021.

MA Guoxin. Study on enhancement mechanism of low loss seedling picking in biochar and air ejection-package clamping pick-
up device[ D]. Zhenjiang: Jiangsu University,2021. (in chinese)

TR, RN, AL T 5. BB R AR 5 2R o BT o B SR SR S B [ ] RO AL 2= 4 ,2019,50(8)
107 - 116.

TONG Junhua, SHI Hufeng, WU Chuanyu, et al. Simulation and test of seedling pot grabbing by spade end-effector[ J].
Transactions of the Chinese Society for Agricultural Machinery,2019,50(8) : 107 —116. (in Chinese)



