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Fig.1 Schematic diagram of maize ear and characteristic
dimensions of maize grain
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Fig.2 Distributions of characteristic sizes of maize seeds of
different varieties
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Function undetermined coefficient of characteristic sizes
of maize grains

Table 1

vﬂiy fﬁ:ﬁe a(k) b() cm) dm) e [ g h i

— %‘.ﬁﬂ% 0.97 -0.08 1.26 -0.12 1.34 -0.13 0.51 -0.05 0.56 -0.05

Jiping 1 BRYEZ 0.97 -0.09 1.21 -0.11 1.29 -0.12 0.51 -0.04 0.58 -0.05
HKERIE 045 -0.03 043 -0.03 - - - - o
SYif 092 -0.07 1.20 -0.11 1.29 -0.12 0.50 -0.04 0.54 -0.05

S 11 o
PI;;M | BRHETZ 1.03 -0.09 1.28 -0.13 1.37 -0.14 0.54 -0.05 0.62 -0.06
KEKIE 046 -0.03 042 -003 - - - - - -
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Table 2  Sphericity ratio of spheroid maize of different varieties
42 11 Ping’an 11

#°F 1 Jiping 1

) TEE  WEE  TRE R
Mean Standard deviation Mean Standard deviation
& Length L/mm 9.57 0.77 9.81 0.75
B Width W/mm 8.91 0.76 8.74 0.66
J& Thickness T/mm  7.81 0.79 7.82 0.73
ERIEZ Sphericity ratio @ 0.91 0.05 0.89 0.06
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Fig.3 Model of maize grain
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Note: a, § is angle of repose, (°).
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Fig.4 Validation process of maize grain model
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d. Sieving experiment
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Table 3 Parameters used in the simulations
#°F 1Jiping 1 “F-%2 11Ping’an 11

¥
— TRORL AR kL it
P t
arameter Grain Sieve plate Grain Sieve plate
# ¥ Density p/(kg/m®) 1276 7850 1306 7850
VAFAEL Poisson's ratio v 0.4 04 0.4 0.4
%ﬁ]ﬁ% 8 10 8 10
Shear modulus E /Pa 1.37x10 7.92x10 1.37x10 7.92x10
Hli4% Pk 52 R EL Coefficient 0.7826 (i 0.7943 (Rl 0.6526 (i 0.823 6 (il
of restitution e BB RI-GRARD  RL-MURD)  RE-RTAR)

4 JBE 4 Z B Coefficient of 0.12 (k- 0.3189 (i 0.12 (Jiki- 0.3119 (i
static friction u E M) PR R L GO
VR B BEHE R4 Coefficient 0.02 (iki-0.235 (Fiki-0.02 (Biki-0.235 (k-

of rolling friction g, LI R) TEHO ik ) TR
i AR Horse-tooth — 339.21 328.46
volume Vs, /(mm®) 0.13 0.16
FRAEIE /AR Spherical-  346.93 348.99
cone volume Vi /(mm®) 0.17 0.15
HKERARA Spheroid 351.59 353.19
volume Vi /(mm®) 0.20 0.17
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SRS TR )
3.2 RIGIEUEFTIE
3.2.1 AR

R BA RSP A AR 3.1 5 —8, W 4c s,
W B AR PR R LR A28 R BIZEN 0.2 kg S
W BREETE . 8BRIE UL R KRB BURL, LL 0.1 m/s 1)
TR ) A SR A A, B B R AR T 4 5 U LR A B AN
Wb, TERHETE HE, i ECE 7R OE AT T I R CR SR R
FZIR G B, SR )5 i Photoshop Wl & 51 45 o 11 F1
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Fig.5 Simulated results of the angle of repose
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Table 4 Comparison of the simulated results and experimental results of angle of repose for spheroid and maize assembly seeds

N —— S Vi STh 2 e RIBRIEZ o

vfjjt Pf?ti\:il?tie I\%ﬁéﬁ ie Simulation /() ~ Standard deviationof erlilrknifn j  Standard deviation of Reli?jg e 1%
Y yP YP simulation/ (°) P experiment / (°) °

S | HBRTE L 1 15.82 0.95 16.99 1.27 6.89

N y— 10-18-1 27.15 0.21 26.53 0.92 2.29

ping UL 14-18-1 25.98 0.20 26.53 0.92 2.07

Tz 11 BRI HIURL 1 15.97 0.71 17.63 1.76 9.42

pin %‘m " y— 10-18-1 27.26 0.28 27.41 0.62 0.55

& R 14-18-1 26.10 0.38 27.41 0.62 478

gfjﬁﬂ?ﬁiﬂqﬂ | FREELIRTEBRIASAY, 10-18-1 Al 14-18-1 70 AR 10 BRAN 14 BRI UG TSR AL . 18 BRERHE T FTURLAS L AN BRI FURL AR B 1) T K R A
TR

Note: 1 - Spheroid, 10-18-1 and 14-18-1 represent maize grain assembly model formed by horse-tooth with 10 filling spheres and 14 filling spheres, spherical-cone with 18

filling spheres, and spheroid with 1 filling sphere.
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Fig.6 Comparison of simulated results and experimental results of transmissibility under inclination 6° of screen plate with different filling
spheres and receiving boxes
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Fig.7 Comparison of simulated results and experimental results of transmissibility under inclination 8° of screen plate with different filling
spheres and receiving boxes
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Table 5 Comparison of the simulated results and experimental results of transmissibility for spheroid grains

RS A1 B 1 1 Jiping 1 P42 11 Ping’an 11
Inclination of Transmissibility 1 BAE RIHE W 1 B8 RIE R
screen plate Simulation value/%  Experimental value/%  Error/F1 47 #i  Simulation value/%  Experimental value/%  Error/F 43 i
Af 43.15+1.48 45.85+6.91 2.70 39.53+2.52 40.10+6.34 0.57
B& 15.00+0.76 16.56+4.88 1.56 20.34+3.51 25.23+6.14 4.89
6° C#& 1.70+1.31 0.43+0.50 1.27 3.03+0.46 0.79+0.39 224
D 0.62+0.37 0.00+0.00 0.62 1.75+0.32 0.00+0.00 1.75
RIETR 60.47+1.12 62.84+4.27 2.37 64.65+1.34 66.12+6.13 1.47
Af 33.77+2.45 36.15+3.30 238 30.87+1.70 35.61+6.02 474
B& 19.22+2.83 23.19+6.63 3.97 23.16+0.27 24.1646.21 1.00
g° CH& 3.41+0.33 2.20+1.77 121 4.91+1.08 1.32+0.82 3.59
D& 2.62+0.57 0.39+0.42 223 3.68+1.02 0.12+0.12 3.56
RIB R 59.02+1.35 61.93+6.32 291 62.62+0.10 61.22+3.75 1.40
A% 29.56+3.85 33.29+4.08 3.73 23.84+1.82 22.37+8.98 1.47
B 20.41+3.88 23.18+1.29 277 19.61+1.75 23.17+7.36 3.56
10° CH& 5.91+£0.94 1.23+1.28 4.68 8.33+2.01 9.58+5.32 1.25
D& 4.61+0.34 0.28+0.29 433 8.81+0.87 2.7242.13 6.09
eSS 60.49=1.04 57.98+6.22 251 60.59+2.07 57.84+7.06 2.75

T RPE AP B ELhREZ

Note: Values in the table are mean + standard deviation.

Fo6 EARBETRMERRHEESXEER

Table 6 Comparison of the simulated results and experimental results of transmissibility for maize assembly grains

#°F 1 Jiping 1

“F%2 11 Ping’an 11

IS i 5 AH R PiFfa R
Transmissibility Simulation value/% Experinﬁer;;l value/%  Error/F 43 £ Simulation value/ % Experinte;;ﬂ value/% ¥R% Error/ F 73 £t
10-18-1 14-18-1 10-18-1 14-18-1
A # Box A 65.03 68.10 63.74 1.29/4.36 62.43 62.44 60.68 1.75/1.76
B £ Box B 14.26 14.09 16.48 2.22/2.39 13.15 15.67 15.74 2.59/0.07
C # Box C 0.84 1.37 2.05 1.21/0.68 1.84 0.53 0.83 1.01/0.03
D % Box D 0.10 0.23 0.24 0.14/0.01 0.12 0.18 0.04 0.08/0.14
IR
80.23 81.05 82.52 2.29/1.47 77.54 71.76 77.29 0.25/0.47

Total transmissibility

e RAIRZEE MR T 10-18-1/14-18-1 TR AL 1R 2414 .

Note: The error values in the table represent error values for the 10-18-1/14-18-1 particle model.
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Maize grain modelling for the DEM simulation of sowing process

CHEN Zeren' , LIU Zhengbin® , GUAN Wei* , GUO Jianbo® , XUE Duomei**

(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. School of Chemical
Engineering and Technology, Taiyuan University of Science and Technology, Taiyuan 030024, China; 3. School of Mechanical and
Aerospace Engineering, Jilin University, Changchun 130025, China)

Abstract: The discrete element method is widely used in the analysis and improvement of agriculture machinery performance.
To realize digital reproduction of maize seeding process based on discrete element method and improve seeding performance of
seeding machinery, the corresponding maize grain assembly model needs to be constructed. In this paper, maize grain shape
and size distribution of 10 common varieties in Northeast China were statistically analyzed, and a general shape classification
method of maize grains was proposed. That is, the actual assembly of maize grains could be considered as a collection of horse-
tooth, spherical-cone, and spheroid maize grains. On this basis, the corresponding assembly modelling of maize grains was
constructed based on the sphere filling method and discrete element method. Namely, a single maize grain model was used as a
template, the main size was randomly generated according to a normal distribution, the other feature sizes were calculated from
the main size to generate each maize seed model, and this was repeated; In addition, the corresponding number of maize seeds
was generated according to the percentage of quantity, so that the characteristics of generated maize grain assembly model
should be closer to the actual maize grain. The number of filling spheres was optimized through the stacking test and sieve test
with the two varieties of maize. The results showed that when the number of filling spheres in the maize grain model was 10-
14, 18, and 1 for horse-tooth, spherical-cone, and spheroid maize grain models respectively, the population characteristics of
the maize grain discrete element method model were consistent with those of the actual maize grains, which preliminarily
proved the validity of the proposed maize grain assembly modelling method. Further, a discrete element method simulation of
the seed discharging process of the inner nest hole rower was carried out based on the established maize grain assembly model,
and the rotation speed of the seed discharging wheel was optimized, and the optimization result (30 r/min) was consistent with
the experimental one, which further demonstrated the validity of the proposed maize grain assembly modelling method. Finally,
with the increase of the rotational speed of the seed discharge wheel, the single grain rate was the first to rise and then fall, the
double grain rate was the first to fall and then rise, and when the rotational speed was 30 r/min, the single grain rate reached a
maximum of 88%, and the double grain rate was the minimum of 11%. Cavity rate was the first to fall rapidly after the basic
stability in the vicinity of 1%. This is because when the row of seed wheel speed gradually increased, the particles in the row of
seed wheel under the perturbation of the centrifugal inertia force gradually increased, when the rotation speed of the seed
discharging wheel was less than 30 r/min, the single particles could reliably rotated with the row of seed wheels, while more
than the particles fell back to the bottom of the seed chamber due to the size limitations of the holes, the role of their gravity,
and other factors. However, when the rotational speed of the seed discharge wheel was greater than 30 r/min, the centrifugal
inertial force dominating the maize seed made it difficult for the excess particles to fall back to the bottom of the seed chamber
and rotate with the seed discharge wheel's nest hole, which led to a decrease in the single grain rate. The results of this paper
can provide a certain reference for the digital design of maize-seeding machinery.

Keywords: maize; discrete element method; sow seeds; assembly modelling; inner nest hole rower
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