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Design and Experiment of Automatic Transplanting Mechanism
of Pepper Potting Plants Based on EDEM — RecurDyn

ZHOU Fujun' LI Zhengmin' LIAO Guang' WEI Xueqi' LIN Xinlan' ZHAO Lijun’
(1. College of Mechanical and Marine Engineering, Beibu Gulf University, Qinzhou 535000, China
2. School of Intelligent Manufacturing Engineering, Chongqing University of Arts and Science, Chongqing 402160, China)

Abstract; In response to the problems of low transplanting efficiency, poor opening and closing
performance, and poor hole formation in the seedling transplanting process of pepper seedling tray, a
chain cam planting mechanism was designed. According to the agronomic requirements of pepper seedling
transplantation, the kinematic mechanism of the planting mechanism was analyzed, the basic parameters
of the virtual planting mechanism were selected, the three-dimensional modeling was constructed by using
Solidworks software, and the kinematic theoretical model was established; the discrete element model of
the soil particles was determined, the coupled EDEM — RecurDyn simulation model of the planting
mechanism was established, simulation analysis of the planting mechanism was carried out, and the
simulation results preliminarily verified preliminary verification of the correctness and rationality of the
mechanism. Taking the forward speed of the transplanting machine, characteristic parameter of speed
ratio, and height of center axis, as test factors, and the uprightness, missed planting rate, and coefficient
of variation of spacing of plants as test indexes, the quadratic rotary orthogonal combination test was
conducted to establish the regression model between indexes and factors to determine the better parameter
combinations of transplanting operation. The results of validation test showed that under the conditions of
parameter forward speed of 0.4 m/s, speed ratio of 1. 29, and height of center axis of 336. 8 mm, target
value of uprightness was 78.2°, the missed planting rate was 1. 7% , and the coefficient of variation of
spacing of plants was 5.23% , which can meet the actual production requirements of the pepper planting
operation.

Key words: pepper transplanting mechanism; tying mechanism; parameter optimization

Wi H . 2024 —12-28 &[] H 1. 2025 - 04 —27
BEL£W B . ERTRH RN & REA 343 H (CSTB2022NSCQ — LZX0024)
EHEBN: FEE (1969—) , 5, 804% 1+, T2 F IAC AR HLICKE £ 1T 5 FST , E-mail : {jzhou@ 163. com



70 £k

DI

2026 4

0 3]

BAUE & 4k R E ¢ H B A o po vk 8 A0
SRR B R G R R S R
TRATEZ Eicgam? B EmEE LS
KIEVEY . BT, T [ R TS b A K A R A 7
T B 1 iRl A T AR 24 o B R A T R A
40% . BRMZ RN SEH WG R AR I RO AR X X
TR Al e B 06 7 b oF 4 AR K R I, 4 A 4D
VP ) 2R R AR R AR A K R B B
S AR 2 R T Rl R A B BT 5 R L WL B R
BRAR ELRS AR AR 22 RN T 5 SR B M 45
a A BHURAL AR . PRI, 52 BSOS B Ak HLIRAL |
PRifEAL B L,

AU E B LA O TAE R AR, H 2
P51l Pk Al B A s R e
HUBE AL RS 1 15 L, 25 3 S6F 40 4 285 50 0 R A o 25 38
SR T 22 A% A LA, AR 306 AR LA 26 280 T 43y
e AT WA M U 2 MR Hoh
W A AL ATLRAD Xo  T ) S O P T F 3 R
BRI ER AR, LIRS X F B N S AR AT R
R WA B H R AT AL A DR P 3
T —FPAEST BN b WUAT B 1 5 S R
SRR X IS R R RN R K
P 4 57, B b AR 99 % AT 3K #) 70 MR/ (min-4T)
HM A A 90% L) b, BT IR BE S B RS AR TR
B S T — P Al S B R A B I TG 4 9
F9 1 42 K W SR R AL , T A 55 ot A S AT LA
ST PO IR 2 43, WL B AR Ak R )
FL AR O B B, AT T K T R bk AR A L
FORFLN ORI R A . PR RS R T
— T A A A G o Sk A LA A A
15 9 R 25 3 32 30 2 b U Ak Ak A 3E 3 B0, 15 )
ORI P B E T HL A B TG g A B A B
P55 IE B 1 RE O R R Rk BT E B R .
AR OTHR T — g S S R R R A R Y 22
AR YEISAT R RO LK 3 S e 2R 4 R AL B
FE X 2 52 B/ bR B PR Mk B SR, 5 T T RR R 150 ~
200 mm [A] 45 4k

b X SRR R R AR AR A BN TR R
6 B R WL R R IR 5 1) B, A
SCEEAHEAE SHLA M A HLAG | DR LA 3B B
Vet — A gt 2 A A HLR , O HEAT BLEARLA Be3t |
175 B3 W7 B B BF 5T, L SE PG 8 1T 1 A e
B B, AR A R B S I T A 1 T iE B
e RAERS A

il

1 WS ERENEEHNE TIERE

L1 B EBENEEN

SACPUBA VT AR AR B AR A b 1 B T 4 DR B
AL AR ML RS B ROR , F2 2k 2 B L A B D O
B35 e b S BE R R A% N Bl EE AR 1Y s X
A AR A 1 AT B2 A5 2H B, B AR S5 A A 1
IS

K1 g5 i
Fig. 1 Schematic of structure
LR SE 2. 85 3. ARG 4. GRS 5. SRR
6. BAE M%7 W H 8 ROEM 9. AR 10. R0 B4
T HLZE 12 RhRE 13, fio0ofhk 14, ESEERE 15, ol
16. Fetd 2% 45

1.2 mWSEBENG TIERE

AR AL LAKRE— 8 E 1912 3l P30 4 B 1 3 i 3
b BUPEATRAR , 1M I 32 B AR R G A R
4 ABrBeo B AL S A R LAY ATk, B2 AR L |
LI LML I 6 A% Bl Bl 5 Sl B R R O O [ AL
Ky 5y, 2 2 B 22 0 B 2% K 3l I\ S i 48 5% s, i
A S 83 A ™ 8 A Bl T AR L Y R A A £ A
TR Bl 1 i AT Bh A2 R A AT R s Bl 52
A AR AT IF P G AR et , S B A B R T B v O
SEM RS . BRGS0 B A5 A TR A ) A 5%
FFUR 2R K IR S, AR A 22 2 e XU 45 =2 A1), A8
i 3T BEMLRG A 3 T B 2 55 - S kS 28 T A L, A
T PR TIE A VA AR B9 ST



% 8 31

JAREA % . T EDEM — RecurDyn BUSURER i A S AL BH 5 5 71

2 HEREREST

2.1 HEWMMIBEHHITHH

SR AR UE B % H R AR RKOIR A B SRR 2R AR AL
SE AR AR L S BB BT R B R A AR AL AR AT M
T BT AR AR DR e T R R B
FRATLAILAL | BV SR A AT ML AL 7E AH X & 1E RS T R
TR 52 R, DL R B B AR R
P 7% B v I, SRy B G o AT R A ML R TE A R
5% # WL An 2k o B ] 56 R, 51 A LR R S 5L
PR 3 S W

A =Re (1)

Vo
A R—A A [ 4 b R A 48 e % 242, mm
w——HAH P B 1 3, rad/s

R R AR E T, m/s

FR A5 2 O AR AR 2 50 A (A (] B 0 T R i
PRI 4R 3 FhZEM . B w =1.3 rad/s,v, =0.4 m/s,
AP B MAE 2a iR; o = 1.7 rad/s , v, =
0.4 m/s, FRAPLTUE 2b 78 Bl w =2. 24 rad/s,
v =04 m/s, B A > 1, A B A 2 7

Yy

(b)i=1

(e)7>1
K2 sz
Fig.2 Motion trajectory

A< LI A AL R A AR 2 /D T AT
R JE SR I AN A A A X O Y A A
B L B 2R 2 A = 1 I SR B i e A7
TE—HFIR B3 5L, 2% AL B R X R O & BEAE
SRR EOR 2 A > 1 I AR AR B ik
WAETE 2 s, BEE R R LR £ ol B2 /K - 73 3 32 5 il
PR R /INAR A, DT 96 A R B OR AR R
S PR ST, A R X T M TR LT O BE 4
G KB B BT R

TE BT ARG LA I, 25 08 3 22 A7 R AE % 4T I T
BERUER B A B A — e ), R A > 1
18 BLHEAT MU BTt 5 oA i — 25 /N AR AT aok ok A 2%
15 BRI R R B B S B ) RE A, R S AR ORI AE AR
HEL2% b TF B BE 00 2 5 W 3 AT 3 B e
2.2 HEREBEIESH

R A i ) 3 R A B A AR A, 25 A AR A A
FITF, B 0 7E 2 3 B O o R AT, AR A A% b T,
FIEANT — KBNS ARAE VLA 32 By 53 A7 L
AL G0 3 FiR .

w

N

> X

K3 RN IZ 8o B
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Fig.6 Motion variation curves of planter
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Tab.1 Parameters of soil simulation

T H 28 EAEE]
NER =4 0.38
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Tll 48 K &2 2R 5 0.51
UL~k B JEE 448 D B 0.72
i EE 45 R B 0.08
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Tab.3 Single-factor experimental program
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Tab.4 Results of single-factor test on bench
AR/ R HSr S/ AR RIS @ity R Esr /R RS o R HarEs R OREBEER
(mes™)  F5  (°) B/ FE/N| S FE5 0 (°) % 8% || WE/mm FE (°) /% RE/%

1 71.9 5.0 7.61 1 65.4 5.0 7. 14 1 67.6 4.0 6.20

0.30 2 71.0 4.0 6.70 . 2 69.9 3.0 6.75 367 2 67.7 5.0 6.70

3 68.9 4.0 7.98 3 70.3 3.0 7.93 3 70.7 5.0 5.70

SEHE 70.6 4.3 7.43 SEH(E 68.5 3.7 7.27 SEH(E 68.7 4.7 6.20

1 70.1 5.0 6.97 1 69.6 4.0 6.34 1 71.6 5.0 5.94

0.35 2 73.0 4.0 6. 68 . 2 67.1 3.0 7.13 357 2 67.2 4.0 7.45

3 72.9 3.0 6.23 3 69.9 5.0 7.33 3 69.4 4.0 6.49

SEHMY 72.0 0 4.0 6. 63 SEHIME 68.9 4.0 6.93 SEHIME 69.4 4.3 6.63

1 74.2 4.0 5.16 1 72.2 4.0 6.06 1 71.9 4.0 6.91

0. 40 2 70.8 2.0 5.37 L3 2 70.2 2.0 6. 44 347 2 69.0 5.0 6. 40

3 71.5 4.0 5.30 3 69.4 3.0 6. 14 3 70.7 4.0 6.74

EHy o 72.2 3.3 5.28 SEHM 70.6 0 3.0 6.21 SEH 70.5 4.3 6. 68

1 66.1 4.0 5.26 1 67.4 3.0 6.45 1 70.3 3.0 5.78

0.45 2 65.7 3.0 5.30 4 2 68.9 3.0 6.01 337 2 70.9 4.0 5.19

3 69.7 4.0 5.65 3 67.5 4.0 6.75 3 70.6 2.0 5.88

SEMIE 67.2 3.7 5.40 SEHE 67.9 3.3 6. 40 SEHE 70.6 3.0 5.62

1 68.4 5.0 6.54 1 64.8 5.0 7.89 1 64.2 4.0 5.44

0.50 2 63.0 2.0 6.05 s 2 67.4 4.0 7.27 127 2 64.8 4.0 6.78

3 64.5 5.0 7.09 3 66.5 4.0 7.45 3 72.9 3.0 5.77

FEHE 65.3 4.0 6.56 FHE 66.2 4.3 7.54 FHIME 67.3  3.67 6. 00
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x6 KBARSER

4.2.1 R HFEH54 Tab.6 Experimental program and results
e BRI Y X A R LR IE B R BRI R
. . IR h X X X Y, /(°) Y. /% B Y%
AL PERE R R, FF R = R UK R OE : : : : . : :
. N N 1 -1 -1 -1 72. 4.2 7.10
ALY 3623 U1, R AR 5 R s s ss a0
AT Z W R R TT E H R g i 5 iR, ik 3 -1 1 1697 42 6.47
WO R EERWNEK 6 i, X, X, X, R Gw(E . 4 1 1 -1 79 42 .37
5 -1 -1 1 71.7 3.3 6.51
x5 HBREARHD 6 1 -1 1 72.6 4.2 6. 06
Tab.5 Experimental factors and codes 7 1 1 1 68. 4 5.0 7.01
K % 8 1 1 1 67.5 5.8 7.22
i i 308 i 1/ HHARE A o L6820 0 442 6. 74
(m-s™") X mm 10 1.682 0 0 70.3 3.3 6.32
1.682 0. 45 1. 40 347 11 0 -1.682 0 71. 1 4.2 6.70
| 0. 43 136 343 12 0 1.682 0 68.3 5.8 7.04
0 0. 40 1.30 337 13 0 0 -1.682 73.6 4.2 6.97
-1 0.37 1.24 331 14 0 0 1. 682 73.5 3.3 6.93
—1.682 0.35 1.20 327 15 0 0 0 78.3 2.5 5.41
16 0 0 0 77.5 1.7 5.11
4.2.2 FHESH 17 0 0 0 78.8 1.7 5.04
— . e p w 18 0 0 0 79.6 2.5 4.74
2 1] Design-Expert 341t b 5 4K £ X1 it 3 ¥ 4
o L I 19 0 0 0 78.5 0.8 4.49
AT 25 76 VL4 43 , 2 S B 4 4 5 0 P w0 0 o ma 1a s
NN . e e [30]
1) Rk 20 H BTy 2 g SRR T 21 0 0 0 76.5 0.8 5.46
IR o ARAEMLAG R AR B rh & S KR 5 i fE AR 2 22 0 0 0 7.6 L7 5.24
N N N 23 0 0 0 78.3 2.5 4.99
(8] (%) 181 9 J7 78 43 501 S
xT HFEDW
Tab.7 Analysis of variance
i % HAJE T 4% % ke IR 72 S 2R 4L
ki CFA Al F P FHM Al F P TR HWE F p
iR 273.81 9 11.15  <0.0001™  45.84 9 11.03  <0.0001** 18.31 9 26.67 <0.0001**
X, 2.26 1 0.8263 0.3799 0.2337 1 0.506 2 0.489 4 0. 000 4 1 0.005 6 0.9415
X, 23.49 1 8. 60 0.0116" 1.41 1 3.06 0.1039 0.264 8 1 3.47 0.0852
X5 10. 49 1 3.84 0.0718 0.1907 1 0.4130 0.5316 0.1195 1 1.57 0.2329
X, X, 0.0800 1 0.029 3 0.866 7 0.3613 1 0.782 6 0.3924 0.3160 1 4. 14 0.0627
X, X, 6. 84 1 2.51 0.1373 0.0013 1 0.002 7 0.9593 0.1540 1 2.02 0.1789
X, X5 1.62 1 0.5935 0.454 8 3.00 1 6.50 0.0242" 0.4950 1 6.49 0.0243"
Xf 85.02 | 31.15  <0.0001*" 9.14 1 19.79 0.0007 ** 4.09 1 53.66 <0.0001""
X% 117.53 | 43.06  <0.0001 " 22.89 1 49.58 <0.0001 6.26 1 82.08 <0.0001 ™
X§ 29.33 1 10. 74 0.006 0 ™" 9.14 1 19.79 0.0007 ™" 6. 84 1 89.64 <0.0001 "
2= 35.48 13 6. 00 13 0.9918 13
S 16. 25 5 1.35 0.3348 2.50 5 1. 14 0.4115 0.2290 5 0.480 4 0.7823
= 19. 23 8 3.50 8 0.7628 8
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Fig. 14 Response surfaces and contours of interactions
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