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Measurement of physical parameters of contact between
soybean seed and seed metering device and
discrete element simulation calibration

ZHANG Tao, LIU Fei, ZHAO Manquan” , LIU Yueqin, LI Fengli,
MA Qian, ZHANG Yong, ZHOU Peng

(College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract  In order to study the parameter setting of discrete element simulation, the intrinsic parameters of soybean
seed and the contact parameters of soybean seed and seed metering device were calibrated. The physical parameters
of three axial dimensions, natural repose angle,1 000 grain weight and density were determined. The maximum contact
coefficient and contact coefficient of soybean seed and seed plate,seed wheel and organic glass were measured. The
discrete element software is used to calibrate the orthogonal test,and the average error value is the evaluation index.
The results show that the parameters of discrete element simulation calibration are:the length, width and height of three
axis of soybean seeds were respectively 6. 884, 6. 833 and 6. 292 mm, and the density of soybean seeds was
1272.15 kg/m® ; The maximum static friction coefficients of soybean seed and seed plate, seed wheel and plexiglass
were 0.449,0.408,and 0.474 ,respectively; The recovery coefficient of soybean seed and seed plate, seed wheel and
plexiglass were 0.561.0.517 8,and 0.472,respectively. The average error of discrete element simulation is 2.044% .
Keywords seed metering device; discrete element method; parameter calibration; soybean seed; coefficient of

restitution; coefficient of static friction
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Fig.1 Measuring positions of the three axis of soybean seeds
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Fig. 2 Soybean seeds population
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Fig. 3 Recovery coefficient measuring device
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Table 1 Discrete element simulation parameters of soybean seed and seed metering device
b BH Hof b B Hft
Material Parameter Value Material Parameter Value
R ks He 0.2 | KEHFKIFMT RATCH S 7 0.50
S J;) J Soybean seed- soybean T R 0 PR 4 TR B 0. 39
oybean see e
PR /MPa 63 ] seed S 0.17
- AR LE 0. 30 =k | o R 0. 09
I BT FH / MPa 70 000 Soybean seed-steel
Stee
%R/ (kg/m®) 7 800 NN s ih R 2 B 0.15
MER /=M 0.50 Soybean seed-plastic
B3 e - i ;
Plexigluee WU/ MPa 35 | K mRhF AT BLBLHS o B R A 0.10
X S8
W/ (kg/m®) 1180 Soybean seed-plexiglass

I A 8 HOoT i 52 B S R R T =
RESE 8 R | R EE 458 IR B CR M 1 45 HE b 4L
KGRI H B 0 KR E M T 5 A PLIE
po) KA RBCCR G R T 5 HER AL o R E
FrSHME e  KEM T H5AEVIIH ). A

ok /0 32 6 B, B Lo (3%) 1 38 6 A0S T IE &2
G FAR A 0 4 S HH) 3 R F 2 )
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Table 2 Factors and levels of parameters of discrete element simulation

o T R BE 1 DR Tl 48 1k 52 2 KL
s/ =4 /mm ' , D
K- . o ) The maximum static The collision recovery
(kg/m?) Three axis dimension
Level ) friction coefficient coefficient
Density
l w h " o e e; e
1 1 150.990 6. 54 6.491 5.977 0. 449 0.408 0.474 0.533 0.492 0. 449
2 1211.570 6. 884 6.833 6.292 0.472 0.429 0.499 0.561 0.518 0.472
3 1272.150 7.228 7.175 6.607 0.496 0. 450 0.524 0.589 0. 544 0.496

TE ol i 530 R SR T K V08 8 5 01 gz g G300 R SE R 7 5 HE R AL BERP S A WL RS 00 B O B B e Lo vy SN R L

75 HERR L BEFH A A HLB RS RO RE SR R A R AR

Note:/,w and h respectively for the length, width and height of three axis of soybean seeds; s, and u; respectively for the maximum

static friction coefficients of soybean seed and seed plate, seed wheel and plexiglass; e;» e2 and es respectively for the recovery

coefficient of soybean seed and seed plate,seed wheel and plexiglass. The same as in the following table.
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Fig.4 Model of discrete element simulation of soybean seed
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Fig. 5 Simulation results of discrete element

of natural repose angle
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Fig. 6 Discrete element simulation of

population sliding process
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Fig. 7 Discrete element simulation of the seed and

the bottom plate collision process
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(1 0 A o R 22 1 34 8 D 7 0 A SRR 2% 1 T
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AR 8 WO IE 22 156 7 BOpR E 45 2R . 6 5 il

(15 LR 22 F- S (E e/ Ry 2,044 %0 . AREE Lo (3') IE
LRI 1.6 55 1 S5k 8 5 ok K
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6.292 mm, B E N 1272.15 kg/m’ , K& Ff 1 5 HE
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Table 3 Results of discrete element simulation calibration
e R P 45 DX Tll 48 9% 52 2R 8K
56 412 f o ff /) T RETHH/ %
The maximum static The collision recovery
Test Repose . .. .. Mean value
friction coefficient coefficient
number angle of error
y231 M2 M3 e (2] €3
1 30. 766 0.471 0.423 521 0.533 0.500 0.463 3.255
2 29.905 0.501 0. 455 . 530 0.563 0.519 0. 480 3. 444
3 31. 341 0.530 0.473 . 566 0.591 0.538 0. 506 8.728
4 30. 144 0. 500 0.447 .035 0.596 0. 550 0. 506 5. 906
5 32.376 0.525 0.473 . 562 0.534 0.493 0.452 8.603
6 31.631 0.471 0.423 504 0.566 0.521 0.476 2.044
7 29.131 0.530 0.471 . 576 0. 560 0.518 0.475 5.603
8 31.832 0.472 0.423 . 503 0.590 0. 544 0.499 4.106
9 33.070 0.501 0.448 . 529 0.536 0. 495 0.452 6.282
& 8 28. 880 0.472 0.429 499 0.561 0.518 0.472 —
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