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Optimization of the motion parameters of a rolling spoon type
precision hole planter based on DEM-MBD coupling
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(1. College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China;
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Abstract Aiming at the problems that the trajectory of fixed cavity formers of rolling spoon-type precision
cavity seeders is in the form of a residual pendulum line, and the residual pendulum line is too large, which
causes tearing and picking of the film, and in order to reduce the variability of the spacing of the plants, the
simulation and analysis of the motion process of the cavity seeders are conducted based on discrete element
method and multi-body dynamics coupling method. Taking the traction speed, traction angle and cavity
seeder quality as the influencing factors, and the residual pendulum width, plant spacing and sowing depth
as the response values, the influence law of each factor on the response values is determined through pre-
test and single-factor test. Based on the results of the pre-simulation test, a multi-factor simulation test is
carried out to obtain the optimal parameter combinations and to verify the reliability of the optimal results

through the field test. The results show that: The optimal parameter combination of rolling spoon-type
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precision cavity formers is traction speed 523. 43 mm/s, traction angle 21.9° and cavity seeder mass 18. 2 kg.

Under above condition, the plant spacing is 196.84 mm, and the width of the residual pendulum line is

13.98 mm. The optimal parameter combinations for the validation test are the plant spacing 193. 86 mm with

relative error 1. 51%, the residual pendulum line 13. 28 mm with relative error 4. 39%.

Keywords cavity seeders; cavity formers; DEM-MBD coupling; simulation optimization
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Fig. 1 Rolling spoon-type precision cavity seeder composition
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Fig. 3 Creation of a kinematic pair of traction devices and composition of cavity formers in Recurdyn
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Parameter Value Parameter Value
- M TBURE 8] 1 5 5 45 TR %K 0. 392 I 5 UKL (] 7Y fiE 45 B/ (J/m®) 8 150
Coefficient of static friction between soil particles ’ Energy density between soil particles
- MU H] 14 3 FE 4 TR KL . .

%1/ (kg/m®)
Coefficient of dynamic friction between soil 0.12 i%gg/ ‘g/m 2 600
. Density of soil
particles
3 SURE 18] A 4 52 PR 0.6 OB IR A 0,41
Coefficient of restitution between soil particles ’ Poisson’ s ratio of soil particles ’
39 0B 55 5% R A 18] T RE 45 P i S
; — - ORE 99 D)Lt /G Pa
Coefficient of static friction between soil particles 0.5 X . 24.7
. Shear modulus of soil particles
and cavity seeder
e UKL 55 74 4 (1] B JEE 452 TR £ .
. X i It
Coefficient of dynamic friction between soil 0.05 5 %%%{,E & . . 0.3
. . Poisson’ s ratio of cavity seeder
particles and cavity seeder
e UKL 5 74 A ] PR TR $L o e
Lo N A 45 97 U B/ GPa
Coefficient of restitution between soil particles 0.6 . 79
) Shear modulus of cavity seeder

and cavity seeder
4 3 WURL JE i 3 B /M Pa 0 23

Yield strength of soil particles

Kok 72 JE Rk 11,132 mm. AR 4R 07 T LA K
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Soil particle modeling

Fig.4 Soil particle modeling and EDEM simulation modeling of cavity seeder
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L is the plant spacing. H is the distance of the lowest point from the center of the cavity seeder. W is the width of the residual swing line.
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Fig. 6 Measurement of test indexes and the width of the residual pendulum line of the special cavity-forming trajectory
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Table 2 Traction angle pre-test results

AFGIME/C) KRIE/mm

Traction angle Plant spacing Residual pendulum width  Sowing depth

10 197.05
0 187. 04
—170 183. 39
180 196. 38
170 192.43
—10 187.59

RIATENE /mm R /mm
14.57 34.76
16.48 34.78
17.61 33.09
16.29 34.32
15.49 34.38
16.35 34.84

2.3 BERERRE
2.3.1 &3]3k E AT AR 8 va

I SR T — K B R
B, AL R B R 0.6 m/s; e 2 B 45120 % 48 2
JCHE 25 B R0 R 2E AT 0 Ak, L rP AL L R
1k 45 B 3.85 km/h(1.07 m/s) . 442 5| & Ky
1 000 mm/s B}, By T 42 5] 3 B ok &, A Lk i +
B3I 2 R AHAE CIEL 7D, 5 M J 8% 7RO H A BF
€ 7R i 1Y Tk 23 43 51 B 400,600,800, 1 000 1
1100 mm/s. IR FREEE N 17,9 kg, fi 5 R4
—Z R 10°. EDEM # A b fff LI a1 6 s, B [E] 25
£ 4X107° s, Recurdyn H1iz gl B 8] 6 s, 4 1 500 4~ B
(B TA) B o 22 ol o B R A Rl 45 R Wk 3. 7]
U, ke B i 3 2 Y DR ST 1 TR JS el s A A 2k i 2 B

AN &7 B 75
Entry and exit trajectory
intersection points
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Fig. 7 Entry and exit trajectories intersect twice
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Table 3 Traction speed single-factor simulation test results

5|/ (mm/s)

Traction speed

PR /mm
Plant spacing

AR TEE /mm

Residual pendulum width

AR Z /mm
Sowing depth

400 187.32
600 198. 43
800 186. 67
1 000 189. 56
1100 188.27

16.48 34.39
15. 34 34.05
14.02 34.29
14.71 33.89

15.46 33.58
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G is the gravity of the planter itself. F, is the support force of the
soil on the planter. F is the traction force given to the planter by the
tractor. F is the friction force of the ground on the planter. a is the

angle between the traction force and the forward direction.
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Fig. 8 Force analysis of cavity seeder

B R 5 SR KU /N R 22 A B 20° B PR R T
JIE S5 /0N 5 R B 2 5 | R 1) 348 K 2 S KR s
B e (R 107 BE AR BE B 22 5| AR B 1 K38
BN £ b AR A XA H0°~307,

x4 FIRAERRZHEREER

Table 4 Traction angle single-factor simulation test results

R/

Traction angle

R /mm

Plant spacing

0 187. 24
10 198. 43
20 197. 86
30 193. 85
40 190. 98

RAIBL T /mm 7 Bl R /mm
Residual pendulum width ~ Sowing depth
15.68 34.65
15.34 34.05
13.74 33.53
15. 89 33.49
16.57 33.01

2.3.3 R¥EFLEBM /ARG

T B LR EE 7R A A AT IT . e B LT
FEAR TN 17,9 kg, A 06 7 CHE 4 5 5 43 90 %
16,17 .18 19 F11 20 kgo /4% i JoT 1t 38 o) 27228 b4 L 25
JE 7 SHEAT VR K 22 5| RS B 600 mm /s, 22 5| FF
FEE R 10°, /4R 28 it B R 5 BB 45 R LR 5.
THE A Ry 17 kg B, R BB S5 A, A 432 4 o 1 R4
Fft VR BE AE 454 T 22 B AN 0 S, 2% 18 3 (5 B 56

R 25, 8RR 2% 0T o DX JH] 2 o 16. 5~19. 5 kg
2.4 HEMRK
2.4.1 ZRERAFBMAG AL RXE

g T kBRI A G A R A | R R O A
JoT 5t 0 A i B 7 BE CRR BE | A% 1R £ T B RN 4%
TR BED 1 52 ) 5 T 1 400 103 9 R o R) 3% 5 0 T A
FE BT S8, HE AT 2 I FR OE AT i A G LR
5 I B A R W R 6 MR T,
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Table 5 Results of single-factor simulation test on cavity seeder quality
T A BT kg BRIE /mm RABLL G0 /mm % F R /mm
Cavity seeder quality ~ Plant spacing Residual pendulum width Sowing depth
16 193.94 15. 05 35.42
17 201.06 14. 19 33.61
18 195. 30 15.57 34.91
19 196. 50 15.71 34.68
20 186.12 15. 65 35.89
F6 HNABRHNTEHERELERSKE
Table 6 Experimental factors and levels for cavity formers trajectory simulation
K X & Factor
Level L EBIMAE/C) x, BESIEE/(mm/s) xSk A kg
Traction angle Traction speed Cavity seeder quality
—1 0 400 16.5
0 15 600 18
1 30 800 19.5

KT BABRNTHEREARSER

Table 7 Simulation test program and results of cavity formers trajectory simulation

G5 K Z 7K Factor level F8 45 Index
Number X, X, X, Y,/mm Y,/mm Y,/mm
1 —1 —1 0 189. 85 16.99 34. 56
2 1 —1 0 194. 31 13.94 34.16
3 —1 1 0 186.78 14. 00 33.92
4 1 1 0 186. 25 14.78 34.52
5 —1 0 —1 192. 82 16. 05 34.03
6 1 0 —1 193.73 14. 68 34.21
7 —1 0 1 194. 58 15.01 33.97
8 1 0 1 193. 81 15.47 34.42
9 0 —1 —1 193. 87 16.22 33.95
10 0 1 —1 188.83 14. 35 33.90
11 0 —1 1 196. 40 14.61 34.71
12 0 1 1 185.12 16. 10 34. 50
13 0 0 0 198. 07 14.05 34.43
14 0 0 0 195. 02 13.44 34. 26
15 0 0 0 196. 08 13.65 34.51
16 0 0 0 195.91 14.45 34.46
17 0 0 0 195.70 14.16 34.53

TE X0, X, Xy 00 Ry 22 5 S 3 42 15| 0 8 R R 45 B A Y 7KL 5 Y, Yo, Yo 2 SR R I A 48 2 5 3 A% A IR

Note: X;, X,, and X; are the horizontal values of traction angle, traction speed, and cavity seeder quality, respectively. Y,

the plant spacing, residual swing width, and sowing depth, respectively.

Y,, and Y, are
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0. 085 6, RUCRA W35 AR H A o PREBBIA Y P e
PERECN 0. 95, RIBL GE ALY E RECH 0. 92,
A DL R UL AR B R v, S S PR A 22 B . K BR

ENTE S AL EE ey 3 R P o S

Yo A G| B oy AR G 2, R AR R 2 1
e W=

2.09xF — 4.77x% @D)
Y,=13.95— 0.4x, + 0.96x,x, +
0.84x,25+ 0.525+ 0.87x% (5
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Table 8 Variance analysis of cavity formers trajectory simulation test

Y, Y,
U -7 Al H 77 H
Source Sum of  Degree of F P Sum of  Degree of F P
squares freedom squares freedom
A Model 234.03 9 15.790  0.000 7 15.15 9 9.090 0.004 1
Z 2.07 1 1.260 0.2992 1.26 1 6.830 0.034 8%
T, 94.19 1 57.180  0.000 1** 0. 80 1 4.320 0.076 2
Z5 0.05 1 0.033 0.8609 0.01 1 0.008 0.9305
1T, 6.23 1 3.780  0.0930 3.67 1 19.810  0.003 O**
Rk 0.71 1 0.430  0.5337 0. 84 1 4.520  0.0710
RN 9.73 1 5.910  0.045 4% 2.82 1 15.240  0.005 9**
)’ 18.38 1 11.160  0.012 4% 0.97 1 5.240 0.0559
)’ 95.77 1 58.140  0.000 1*x* 1.04 1 5.630  0.049 4%
s 0.46 1 0.280 0.6122 3.21 1 17.310 0. 004 2%*
5% 2% Residual 11.53 7 1.30 7
P I Lack of fit 6. 30 3 1.61 0.3211 0. 64 3 1.31 0.3876
1% 2% Pure error 5.23 4 0.65 4
BV Total 245.56 16 16.45 16

T oA 0 s B B 38 (P<<0. O HNE (0. 01<<P<C0. 05)

Note: ** and * indicate highly significant (P<Z0. 01) and significant (0. 01<ZP<C0. 05) respectively.

Fedg FAE AT 50, = IR 28560 Bk B 52 ) A9 32 YR
hAE G G AR TR 2 5] R
He ol W AR g | U R A T it 52 VR X AR R
52 UL 9. A 5] A B 157 /G 4% i i —
B, B A2 51 R 0 38 A, Bk IR 2 3G RS k)N 5 24 42 5
BN 157 4% 5| B Ab T 5 KO B, AR B B R R
JOT R B HE OKM 3G K, 42 51 f Bl 157 4% | B A
TR Bsf, ke B i 5 ' #458 JO ik ) 398 R U/

=R RO A A R (1 S JR T Ry,
UM RS AR UK A T, 2 B R oo, 1Y
FHAEIK A P<<0. 01, Ho 52w AS 7] 2200, 42 5| BE R
o W A | B R SR I Y 28 B
IO7 1 TR O P 10, M o A% T Ol 18 kg A |
A F AR KO ) Ay 43R0 W B A AR B AR R B
TR/, A 5| B A KO e A 4 2k O B B

Y, :f(o'f:;’fz)
2y ARG mm /s 2, R G B kg B 10TR] .

z, is the traction speed in (mm/s) and x4 is the mass of the cavity

seeder in kg. Same as in Fig. 10.
B9 NERREMESNEFEXTEEREIKIE(Y,)WFIE
Fig. 9 Effect of interaction factors of cavity seeder quality

and traction speed on plant spacing (Y)



A1

FRA . ST DEM-MBD & 7R A) 208 it 7k e oA iz s 2 8l ik 75

A SR G ORI K 5 2k A R O 18
kg A G| BE AL T AR K P B A 43 2k 0 BE A A
T A G ORIk A AR 1R AR T KR
I, A% 138 4 v B R AT 1 3 R A g R R R (IR
10Ca)) o MAETIMAE R 15" A5 HE—Em, R

80.00 .
400.00 "0.00
(@) ¥, 5/x,.x,0)

AR 0 B B R A T A Y 3G R SR /N S R
A G| AR R 157 RE A% B i b T K CE I
5 2 5 B B A A 5| R R R MBS K, R e =
Qb TAR KT B A% 458 £k 0 R B A% | R R e R ek
/NCE10Ch))

1650 7400.00
(b) Y, ~x,.0.x,)

r HAEGIEE, (), x is the traction angle in ().
10 ZRAEZXERZNFREBLEE(Y,)HZIT

Fig. 10 Effect of interaction factors on the width of the residual pendulum line (Y,)
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Fig. 11  Trajectory of cavity formation in

field trials with fixed cavity formers
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