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Calibration of Discrete Element Model Parameters of Forage
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Abstract. Existing development using virtual simulation technology for the fodder rape crop harvest
technology and machine lacks accurate model parameters, highlighting a need for the calibration. Taking
the rape crop stalk at the early pod stage as the object, the parameters calibration was carried out by
using EDEM software. The basic attribute of the stem, including the repose angle, were measured. The
results indicated that the average stalk diameter was 20.4 mm, the density was 809 kg/m’, and the
average elastic modulus, shear modulus and Poisson’ s ratio were 115. 73 MPa, 47.04 MPa and 0. 23,
respectively. Furthermore, the Hertz — Mindlin contact mode was employed to conduct a cylindrical lifting
simulation test, in which the contact mode used different parameter sets according to the test design rule
of two-level factor test, steepest climbing test, and response surface analysis. The results showed that the
recovery coefficient of the collision of particles of crop stem, the recovery coefficient of the collision
between steel and particles of crop stem and the rolling friction coefficient between steel and particles of
crop stem had slight effect on the angle of repose, whose values were determined as 0.60, 0.60 and
0. 10, respectively. The static friction coefficient of particles of crop stem, the coefficient of rolling
friction of particles of crop stem, and the static friction coefficient between steel and particles of crop stem
were identified as 0.36, 0.03, and 0.23, respectively. The error rate of the value of repose angle

between the simulated by using EDEM with the calibrated parameters and the real measured value was
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1.83% . The research provided the basic parameters for the simulation of the fodder rape crop

mechanized harvest.

Key words: fodder rape crop; discrete element; calibration of parameters; angle of repose; early pod
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Fig.1 Test of angle of repose for fodder rape stalk particles
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Fig.2 Particle model of fodder rape stalk
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Tab.1 Parameters of angle of repose simulation

model for fodder rape stalk particles
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SR ZEFF B U)K G,/ MPa 47.04*
WA BT YIKE G,/ MPa 7.94 x10*

WA EFTHE p,/ (kgom ™) 809°

MR p,/ (kgem ™?) 7.85 x10°"
1 3 ZEFF ) filf R S R K 0.3~0.9°
T 35 25T (1] i JEE 458 PR B o, 0.5~0.9°
il 3K 25 FF 1) 94 2 4% DR s 0.05 ~0.15°
Il 3R ZE ATl 1 S AR R 0.3~0.9°
T 3K 25 F 5 0 A TR 0.5~0.9°
M 3R ZEAT—9MR 3l BE 45 TR 0.05 ~0.15°
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Tab.2 Regular two-level factorial design and results

Fe o %y X3 Ty Xs % R1EAR 6/(°)
1 0.3 0.5 0.05 0.3 0.5 0.05 27.13
2 0.9 0.5 0.05 0.3 0.9 0.05 23.21
3 0.3 0.5 0.15 0.3 0.9 0.15 29.21
4 0.9 0.5 0.15 0.3 0.5 0.15 33.1
5 0.3 0.5 0.05 0.9 0.5 0.15 23.15
6 0.9 0.5 0.05 0.9 0.9 0.15 25.11
7 0.3 0.5 0.15 0.9 0.9 0.05 34.99
8 0.9 0.5 0.15 0.9 0.5 0.05 23.98
9 0.6 0.7 0.10 0.6 0.7 0.10 31.55
10 0.6 0.7 0.10 0.6 0.7 0.10 35.21
11 0.6 0.7 0.10 0.6 0.7 0.10 35.62
12 0.6 0.7 0.10 0.6 0.7 0.10 30. 15
13 0.3 0.9 0.05 0.3 0.9 0.15 33.96
14 0.9 0.9 0.05 0.3 0.5 0.15 25.12
15 0.3 0.9 0.15 0.3 0.5 0.05 30. 04
16 0.9 0.9 0.15 0.3 0.9 0.05 37.16
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Tab.3 Analysis of parameter significance
24 BN o7 Wi BT
Xy -0.94 1.32 0.2756 4
X, 1.63 3.92 0.0733 3
X3 2.28 7.70 0.0181 2
Xy -0.76 0.84 0.3778 5
x5 2.40 8.51 0.0140 1
X -0.074 8.058x107° 0.9301 6
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Tab.4 Experimental results of the steepest ascent test

75 % 3 x5 fRIESA 0/(°) MR 8/%
1 0.22 0. 005 0.15 24. 45 12. 46
2 0. 30 0.010 0.20 26.35 5. 66
3 0.38 0. 025 0.25 28.12 0. 68
4 0. 46 0. 040 0. 30 31.22 11.78
5 0.54 0. 055 0.35 35.48 27.03
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Tab.5 Response surface test design and results

of basic contact parameters

b b X3 Xs Wk fh 6/ (°) MXTIR2E 8/ %
1 0.38 0.010 0.20 25.80 7.63
2 0. 30 0.010 0.25 24.77 11.31
3 0. 46 0.010 0.25 25.21 9.74
4 0.38 0.010 0. 30 26.31 5.80
5 0.30 0. 025 0.20 28.42 1.75
6 0. 46 0. 025 0.20 30. 04 7.55
7 0.38 0. 025 0.25 27.79 0.50
8 0.38 0. 025 0.25 28.10 0.61
9 0.38 0. 025 0.25 28.13 0.72
10 0.38 0. 025 0.25 28.49 2.00
11 0.38 0. 025 0.25 28.59 2.36
12 0. 30 0. 025 0. 30 29.38 5.19
13 0.46 0. 025 0. 30 30. 36 8.70
14 0.38 0. 040 0.20 28.77 3.01
15 0.30 0. 040 0.25 28.83 3.22
16 0. 46 0. 040 0.25 30. 86 10. 49
17 0.38 0. 040 0. 30 30.21 8. 16
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Tab.6 Fitting results of various model equation
e P RB R KT P T P
B 0.6937 0.0120 0.000 3
TR H A 0.6312 0.007 0 0.848 7
TR AR 0.9345 0.1335 0.0015
PU Y 4 A 7 0.967 8 0.1335

H2E 7 AT, R A A [ A R A B S (P <
0.01), HRMIARZE (P >0.05), ﬁEEﬂﬁ%u_jﬁ,
ZE T ) ¥ Bl

response surface quadratic model

g+ 3 [EREEDS ¥75 F I
g 9 50.28 26.36 0.000 1
% 1 3.21 15. 16 0.005 9
x 1 34.36 162. 13 <0.000 1
x5 1 1.30 6.15 0.044 2
Xy %3 1 0. 63 2.98 0.1278
Xy %5 1 0.10 0. 48 0.509 4
X3 %5 1 0.22 1.02 0.346 1
x5 1 1.00 4.72 0.066 3
x 1 7.01 33.06 0.000 7
2 1 2.99 14. 10 0.007 1
B 7 1.48

3180 3 1.07 3. 41 0.1335
iR 2 4 0.42
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Fig.4 Response surfaces forangle of repose
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Tab.8 Fitting results of relative error of repose angle

model equation

H2 HeE AR KT P FiH P
HEM 0.0337 0.003 7 0.3533
TR H T -0.016 8 0.002 8 0.5292
TR AR 0.9159 0.230 4 0.000 1
DU YK 4 A A 0.944 5 0.230 4
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Tab.9 Variance analysis of relative error of repose angle

for response surface quadratic regression model

T7 A EREEDs W5 F P
| 9 212.77 20. 36 0. 000 3
%, 1 28.13 24.23 0.001 7
3 1 11.51 9.91 0.0162
x5 1 7.83 6.74 0.0356
%, % 1 19.55 16. 84 0. 004 6
X, %5 1 1.31 1.13 0.3229
0375 1 12. 19 10. 50 0.0143
% 1 53.12 45.75 0. 000 3
x 1 64. 07 55.18 0.000 1
x3 1 4.29 3.70 0.0959
B2 7 8. 13

2 4L 15 3 5.06 2.20 0.230 4
afiR 4 3.07
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Fig.5 Response surface for relative error of angle of repose
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Tab.10 Parameters of fodder rape crop for discrete

element simulation

ZH HfE
SR ZEFRIA L L 0.23
ARIA AL o 0.30
TS ZEFT 5 VIR i/ MPa 47.04
4tk 35 DI Kt/ MPa 7.94 x 10*
LA EE/ (kgem ™) 809
WM/ (kgem ™) 7.85 x 10
iHh 3% 25 FF ) flf 8K 2 R 8K 0. 60
TS ZEFF ) i 122 448 R 40 0.36
T 3 2 FF 1] 2l e 458 IR B 0.03
TH 3 S FF 4R il R 0k L R B 0. 60
T S 25— 4 R L 0.23
TS ZEFT—4RVR 2 B 4 R 4 0.10

4 g

-l

(1) 30 0 75 53 S5 0 300 A ) i 3 25 4 - 38 B4R
9 20. 4 mm , JH 25 FF 9k 809 kg/m” i 3 25 FT
WM R L BT D) OB G R b b OF 3 E A Bk
115.73 MPa 47. 04 MPa F1 0. 23 , JIll 15 J 3% 25 FF iU
PRAE AR 27. 939,

(2) F ek i =2 25 FF (8] Al 48 K 52 3R 8K Rk T 3
ZEFF 55 19 2 ] A R K A AR B e i S 2R A 5
22 1) VR B JBE 455 TR 50N AR 1k A AP 52 e /), e
HUE 72 K 0. 60 .0. 60 F1 0. 10 ; 4 k3 32 25 #F 1] #
JEE 45 DR R T ek vl S 25 VR B ) B 45 TR K B L7 Oy
TR Ak i SR ZE T 5 B9 2 T IR 4 TR A K LT
TGO 1k A ASE RO 79 5% e 6 Sk 35, A ST R Uk A AR 4L
HHZ =SB R R 2, hE R RN
0.9345,

(3) LAPR IR A 5200 A 5 47 B AE 2Z 18] AR 0 1% 22 R
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