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Parameter Optimization and Performance Testing of a Variable-capacity Spoon-type
Precision Hill Seeder for Strip-intercropping of Soybean and Maize

XUAN Dezheng, DONG Wenxue, LIU Fei",ZHANG Anbin, REN Yuxing
(College of Mechanical and Electrical Engineering , Inner Mongolia Agricultural University , Hohhot 010018, China )

Abstract: This study addressed the lack of specialized precision seeding machinery for soybean—maize strip intercropping in the Or-
dos region of Inner Mongolia by proposing a variable-capacity spoon-type precision hill seeder, combined with three suitable strip in-
tercropping patterns. Mechanical models were established for the seed filling, spoon cleaning, and bridge cleaning stages, and the
Using the EDEM software, single-factor

and response surface simulations were conducted to optimize three key parameters, 1. e. , the angular velocity, the spoon inclination

theoretical operating angular velocity range of the seeder was determined as 0~6. 6 rad/s.

angle, and the bridge groove length. The results showed that the optimal seeding parameters for maize were an angular velocity of
4.7 rad/s, a spoon inclination angle of 71. 3", and a bridge groove length of 15 mm, for soybean, the optimal parameters were 5. 5
rad/s, 78.8°, and 10 mm, respectively. Field experiments further validated the simulation outcomes, which showed that the soy-
bean achieved a qualified seeding rate of 89.2%~90. 2%, a missed seeding rate of 2. 5%~2. 9%, and a reseeding rate of 2. 9%~
3. 8%, the maize achieved a qualified seeding rate of 93. 8%~94. 4%, a missed seeding rate of 2. 96%~3. 01%, and a reseeding rate
of 2. 6%~2. 8%. The discrepancy between the simulation and field results was minimal , meeting agronomic requirements. Overall,
the seeder is structurally simple, cost-effective, and suitable for large-scale promotion of mechanized soybean—maize strip intercrop-
ping in Ordos and similar regions.

Key words: Variable-capacity spoon-type hill seeder; Soybean-maize strip intercropping; EDEM simulation ; Parameter optimization;
Seeding performance
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Fig. 1 Structural diagram of soybean and corn hole planter
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Fig. 2 Seed spoon structure diagram
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Fig. 3 A thill seeder structure diagram
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Fig. 4 Force analysis during the seed filling stage
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Fig. 5 Force analysis during the spoon cleaning stage
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Fig. 6 Force analysis during the crossing bridge cleaning

process
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Fig. 7 Schematic diagram of seed models and simulation
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KZIAR L 0.40 KRG -TRAR BB R AL 0.06
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KT KGR 0.23 TooK-TORRERAR & 5L 0.18
KR -KR IR EEE ZR R 0.03 TR TR R AL 0.20
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FHEER I DI L /Pa 3.5%10" TR = R R FR 0.62
FAE AR (gfem®) 7.85 TR IR R R AL 0.48
PNGRAC! FHNE /T 0. 64 FAR-THE AR S R AL 0.09
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SR ne I SN IR RO L TP N RS AU UVAE & i ik
Ao PR TR B | R AT o (4 BB 3 R 40° ~80° .
R R S e A M RE L PRI G R R
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Table 2 Single-factor evaluate parameter

K- FAREE Y BIRAI Y R
(xad/s) )
1 0.5 40 5
2 2.0 50 10
3 3.5 60 15
4 5.0 70 20
5 6.5 80 25
1.3.4 v R

DB e 2w N P [ L e A D)
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Table 3 Factor code of simulation screening test

K K-
Y TR, IR, SRR
(rad/s) ) mm
-1 3.5 60 10
0 4.5 70 15
1 5.5 80 20
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Table 4 Soybean and corn planting parameters

S8 (e
[E]FEARE 242 4+4 .6+2
AR /mm 2K 30~50 K 20~40
ATHE /mm T K 40~50 K F.30~35
FRME /mm K7 180, Fk#k 150
Jiti A 2/ (kg/hm?) £ K 750~1 800 K& 450~1 200
Fok 5 KEH 9%/ mm 60~70

2 GBRESH

2.1 NEESRIEES

TR RSN PR —E At . PRI
HRh 2 B IVER IR Eiish . MR H B EIRT
oo - O R 1 R ) < Sy e
PRIFCHB_ L3t i R 1k TOUER (R AR, &l 8 i o
TERRA TG Rt R v b 52 BURNA T SRR 7/ FH Bt HURe
A IS T 53 SR 1B N R B R~ ) o FEad
BrRif A AR v Fh -l BT TR A TR BE , A R LR
T~ D55 | oo G 0 380 BB A T o

: 1.341100 E ‘

: 148X 10° 4 = : \
| EETR s “\ St ML

: 750X 101 s L‘:il i

1 | ]

i 387X 10° ,-“ J- ﬂ /
i me s i R l
. HeFh 2 ZpIRA 4 Hefpd 257

_____________________________________________________

B8 NESRMEEHIN
Fig. 8 Simulation test diagram of dibbler
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Table 5 Soybean response surface experiment plan and

results
IR FEEN BieR IR ERRER
s A B C Y,/% Y,/% Y,/%
1 -1 -1 83.9 9.2 2.8
2 -1 -1 0 77. 4 15. 8 5.7
3 -1 1 0 94.3 12. 4 2.0
4 -1 0 1 93.4 4.2 8.0
5 0 -1 -1 80.3 6.9 10.7
6 0 1 -1 85.4 4.2 2.3
7 0 0 0 83.2 6.4 8.1
8 0 0 0 86. 1 7.8 7.6
9 0 0 0 84.6 7.5 8.2
10 0 0 0 86. 6 6.7 8.4
11 0 0 0 84.5 6.8 6.8
12 0 -1 1 79.6 4.9 7.5
13 0 1 1 88.2 5.6 8. 1
14 1 0 -1 92.5 2.3 7.6
15 1 -1 0 91.7 8.5 2.3
16 1 1 0 86. 6 8.0 3.2
17 1 0 1 85.8 3.3 4.3

SRR FIE 10-b AT, M (1) SRR
BEOM B RBAAAE R FLHAE . iR
(C) b FARAKF- (10 mm) B, A3 4% S5 B Ff1 52 (A) 36m
R EH Y C AT RKT (20 mm) B, A R B A
ARAUARXT 2% AR R e RN s A . L 10-c
AN, AR (A) S MR R (O X e 38 BAE
BE. Y CATFHIKTR, Itk R bE A SRR i
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Table 6 Soybean regression equation analysis

. Y, Y, Y,
KR SEHR df F P FIATdf F P SEJ R df F P

FAY 356. 12 9 23.37  0.0002%%  168.61 9 25.37  0.0002%  111.61 9 14.01  0.001 1**
A 7.22 1 4.26 0.077 8 47.53 1 64.36  <0.000 I**  0.15 1 0.17 0.6917
B 81.28 1 48.00  0.000 2% 4.35 1 5.89 0. 045 6% 14. 05 1 15.87  0.005 3%*
C 3.00 1 1.77 0.2248 2. 64 1 3.58 0.1003 2.53 1 0.13 0.1347
AB 121. 00 1 71.46  <0.000 1*% 2,10 1 2.85 0.135 4 5.29 1 5.98  0.044 4%
AC 65. 61 1 38.75  0.000 4%* 9. 00 1 12.19  0.010 1% 18. 06 1 20.41  0.002 7%*
BC 3.06 1 1.81 0.2206 2.89 1 3.91 0. 088 4 20. 25 1 22.88  0.002 0%*
A2 67.79 1 40.04  0.000 4% 12.78 1 17.31  0.004 2%+ 37.83 1 42.74  0.000 3**
B 9.63 1 5.69 0. 048 5* 24.10 1 32.64  0.000 7%+ 9.76 1 11.03  0.012 8*
c? 0.05 1 0.03 0.864 2 68. 47 1 92.71  <0.000 1*#* 3,06 1 3.46 0.1053
B 2% 11.85 7 5.17 7 6.20 7
RKPI 4.43 3 0.79 0.556 5 3.80 3 3.69 0.1197 4.55 3 3.68 0.1202
R 7.42 4 1.37 4 1.65 4
ayill 367.97 16 173.78 16 117.81 16
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(]2, AR A 7—8 o T AR 1 T X 45 R
APENES T FARHERNE 3R IEFE BRI [
A A 3, H RIS 535 P>0. 05, ik 6HH AR
A HAE RPN FE PRI R K

VSN TE RS NI O Sy S|

Y, =94.04 + 1. 40B - 0. 7375C + 0. 925AB +

AC - 2.924% - 6.05B* - 3. 67C? (15)
Y,=3.02-0.7254 + 1. 1B +-0. 84B +
2.05BC + 0. 6154> + 1. 31B> - 3.32C* (16)

Y,=2.88 - 0.6754 — 2. 48B - 0. 8754C -
1.77BC + 2. 27A% + 4. 72> (17)

i [ R BAGIRAS H, ERAER S AR R ik

Response surfaces of the interaction of numerous factors on soybean seed dispersal performance
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Table 7 Corn response surface experiment plan and re-

sults
jEs EES AR R ERR
JFs A B C Y /% Y,/% Y,/%
1 -1 0 -1 87.6 7.6 4.8
2 0 1 -1 86.7 6.4 6.8
3 1 1 0 88.6 4.6 6.7
4 0 -1 1 82.5 4.8 12.5
5 0 0 0 93.6 2.5 3.7
6 1 -1 0 83.7 4.4 11.7
7 0 1 1 84.5 1L.5 3.8
8 -1 0 1 84.3 8.3 7.4
9 0 0 0 94.0 3.5 2.4
10 -1 1 0 84.6 7.1 8.3
11 -1 -1 83.6 7.9 8.4
12 0 0 94.5 2.8 2.6
13 1 1 89.3 6.2 4.3
14 -1 -1 0 83.4 3.7 12.8
15 0 93.5 3.6 3.2
16 0 94.6 2.7 2.5
17 1 -1 88.6 5.7 5.2

RN RN L E NP B A Co

ARG U5 , 22 ] P S A A 2 A TR R
PEUHRARE I BT . WP 11 R A R T A2
HAR XS HER L RESE bR AN N B2 0% . Bl 11-a
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Table 8 Corn regression equation analysis
. Y, Y, Y,
SRR AT df F P AT df F P A df F P
T 312.73 9 155.97 <0.000 1**  93.40 9 36.45 <0.000 1% 191.95 9 110.34  <0.000 1%
A 13.26 1 59.52  0.000 1%  4.20 1 14.77 0.006 3**  3.64 1 18.86  0.003 4%+
B 15.68 1 70.38 <0.000 1%  9.68 1 34.00 0. 000 6** 49. 00 1 253.54  <0.000 1%
C 4.35 1 19.53  0.003 1%%  1.28 1 4.50 0.0717 0. 980 1 5.07  0.0590
AB 3.42 1 15.36  0.0058**  2.56 1 8.99 0. 020% 0. 0625 1 0.32  0.5874
AC 4.00 1 17.95  0.0039% 0.0l 1 0.0351  0.8567 3.06 1 15.84  0.005 3%
BC 0. 30 1 1.36  0.2821 16. 81 1 59.04 0.000 1#% 12. 60 1 65.20  <0.000 1%*
A2 35.90 1 161.14  <0.000 1%*  1.59 1 5.59 0. 050 21.74 1 112.50  <0.000 1%*
B 153. 86 1 690.62  <0.0001%%  7.28 1 25.57 0.001 5%* 93,90 1 485.83  <0.000 1%*
c? 56.71 1 254.55  <0.000 1%*%  46.27 1 162.52 <0.000 1#*  0.31 1 1.62  0.2440
Bk 2% 1.56 7 1.99 7 1.35 7
AT 0.55 3 0.72  0.5895 1.01 3 1.36 0.3756 0.12 3 0.14  0.9337
W 1.01 4 0.99 4 1.23 4
Js¥ill 314.29 16 95. 40 16 193. 30 16

W1, 7Rk e R ELRE (A) S HURN A BUAR (B) M B A% R 52
HARBCO B2 . R A (B AL TR,
FMERBE A EIE (I INSE BTV T 1124 BAL T4
(AR, S AR A B LB AL TR hIE11-
b Al UL, A (A) 5 i R (O X S Rt 3R B
R R RSSO . AR B (O BRI, S
SR A S IS AT B 2 i 18 T CH/IN 5
FERBEASG I T RO . B 11-c 7R, FEJE (A)
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Response surfaces of the interaction of numerous factors on corn seed sowing performance

Fig. 11
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HERREHASEINRZ ETH Y CRYING, ERERHE A Y
PV V22 20 TR B 11-FioR IR A
i £A (B) 5 1 B 2 (O X B R AL AN B 5 58
BN, Y CHORI, EAEAREE BRIl 5 TH: 24 ¢
YN, FRE AR RE BIG IR T R

e R R RE Y SC B 52 B2 2K e) 1 & BT
Beo PRI, 2553 B AR AT BT AT 1) — R Il A A
T2 RAK AR B R BN ZTR %
max¥ (A4, B, C)
minY,(4, B, C)
minY,(4, B, C)

3.5rad/s <A <5.5rad/s

s.t.160° < B < 80°

10mm < C <20 mm

SRARERTAS  FEFD TR AR AN 4. 7 vad/s,
SIF AR R 71, 3° B AR B R 15 mm 5], 5 CHE
B TAEMEREA R . AT AAR R Tl L IR R
3R 94. 3% 2. 98% K 2. 6%, &R I 7% g

(18)

FAERBEA 5. 5 rad/s 5 FIA IR 78, 8° Mt MRl s
10 mm B}, 7ERS TAEMERBIS B, BERTAA% R
TR SRR M 89. 3% .2. 5% M 3. T%-
2.4 WIEREER
FH B S0 T e 25 R W6 9. TR ERZE R 51 &

RIS ZE AR ZERY N, X — LB T B SOt
BRI AT IR, AR T K R A R B, A
FA KT TN R ARHEF P B L K KA
PR R B 12 0K G EARK G, 1%

AT A . EEA TP ENSE KR
FORAPRFIRL T, AT — 2B s K0T KA
REZ A PRI AR

*9 HBERIEKBLER
Table 9 Field validation test results
FIERERI% PR PR %
K EEP/S PN EEP/S pNISA EEP/S
242 90.2 93.8 2.9 3.0 3.5 2.8
4+4 89.8 93.9 2.6 2.9 3.8 2.7
2+6 89.7 94. 4 2.5 2.8 2.9 2.6

TR AR

E12 HEREEXEERKBER

Fig. 12 Field trials and the crop growth of soybeans and corn
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R Ja SRS SR B T B
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F1 Box-Behnken M v [ 5615 11, RGEMIT T 73 4%
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FMHAZTAER, IFE T RIABAL, R ibAs 3 1Ok
P ES B G R AR AR A 4. 7 rad/s 5 | FPAT
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R AR AT 5. 5 vad/s GIFIAIBA 78, 8° A
K10 mm.

FEN ST /R 23T H [l 1, R A “2+27
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LR EW TEAAS T, KGR 46 %
89. 29%~90. 2% i 1 K 2. 5%~2. 9% . TE & % 2. 9%~
3. 8%; T AKKE M- 15545 K 93. 8%~94. 4% w15 %
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