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Abstract; Existing development for chopping and throwing components in harvester of fodder rape crop,
which employs discrete element simulation, has persistent challenges that use the accurate parameters to
construct the right model, highlighting a need for calibration of model parameters. Taking the rape crop
stalks in the bolting stage as research object, the parameters calibration of discrete element simulation
model was carried out by using the EDEM simulation software. In the first step, the diameter, density,
Poisson’s ratio and other mechanical and physical properties of the rape crop stalk were determined.
Next, a cylindrical lifting physical test of the rape crop stalk particles was implemented. Simultaneously,
a series of virtual simulation experiments on the particles pile-up by using the Hertz — Mindlin basic model
was carried out in EDEM. The arrangement of the experiments was followed the regular two-level factorial
design, the steepest ascent design and the response surface methodology, and the basic contact
parameters of the stalk particle model, such as collision recovery coefficient, static friction coefficient,
and rolling friction coefficient, were determined. Subsequently, a three-point bending failure test of the
rape crop stalk was implemented and a series of virtual simulation experiments on bending stalk using the
Hertz — Mindlin with bonding contact model were carried out in EDEM. The response surface methodology
was applied to determine the bonding parameters such as normal stiffness, tangential stiffness, normal
stress and tangential stress of feed rape stalk particle model. Finally, simulation experiments were carried
out using the obtained parameters, including the stalk particles accumulation test and the bending stalk

test. Compared with the physical test results, the error between the simulation and the physical test value
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of the angle of repose was 2.27% ; the error between the simulation and the physical test value of the

bending broken force was less than 4. 21% . The results showed that the calibration method was correct

and the calibration model was accurate. The research provided basic parameters for the discrete element

simulation analysis of mechanized harvesting process of fodder rape crop in bolting stage, and provided a

method for parameters calibration of discrete element simulation model for chopping stalk crops.

Key words: fodder rape crop; harvest; angle of repose; chopping stalk; parameters calibration of

discrete element model
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Fig.1 Angle of repose for fodder rape stalk particles
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Fig.2 Bending broken test of fodder rape stalk
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Fig.3 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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Fig.4 Simulation model of angle of repose for fodder

rape stalk particles
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Tab.2 Bonding parameters of bending broken simulation
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model for fodder rape stalk particle
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Tab.3 Coding of bonding parameters

Gihy . :
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Tab.6 Experimental results of the steepest ascent test
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Tab.8 Analysis of variance of angle of repose for

response surface quadratic model
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o3 1 0. 89 4.77 0.0653
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g 4 0.06
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Tab.9 Response surface test design and results of
bonding parameters

F5 x/(Nem™') x/(Nem™') xy/MPa x,/MPa B3R J7 (/N

1 2.06x10° 7.59x10% 20.6 7.59 27.87
2 5.94x10°  2.41x10® 20.6 7.59 55.33
3 2.06x10° 7.59x10%® 59.4  2.41 27.78
4 5.94x10° 7.59x10% 20.6 2.41 77.91
5 2.06x10°  7.59x10® 59.4  7.59 27. 88
6  5.94x10° 7.59x10% 59.4  2.41 77.65
7 4.00x10°  1.00x10%®  40.0  5.00 27.75
8  5.94x10° 2.41x10% 59.4  7.59 54.04
9 1.00x10° 5.00x10% 40.0  5.00 14.36
10  4.00x10° 5.00x10%° 70.0  5.00 53. 14
11 2.06x10°  2.41x10% 20.6 7.59 27.82
12 5.94x10°  2.41x10° 59.4  2.41 52.67
13 2.06x10°  2.41x10% 20.6 2.4l 27.35
14 2.06x10° 2.41x10® 59.4  7.59 27. 80
15  2.06x10°  7.59x10® 20.6 2.41 27.84
16  4.00x10° 5.00x10% 40.0 5.00 51.21
17 4.00x10°  9.00x10%® 40.0 5.00 47.23
18  4.00x10°  5.00x10% 40.0  5.00 55.03
19  4.00x10° 5.00x10° 40.0  1.00 53.30
20 5.94x10°  7.59x10% 59.4  7.59 77.56
21 5.94x10°  2.41x10° 20.6 2.41 53.48
22 4.00x10°  5.00x10% 40.0  5.00 53.23
23 4.00x10°  5.00x10% 40.0  9.00 53.05
24 5.94%x10°  7.59x10% 20.6  7.59 77.49
25 2.06x10°  2.41x10% 59.4  2.41 27.67
26 7.00x10°  5.00x10% 40.0  5.00 72. 02
27 4.00x10°  5.00x10% 10.0  5.00 53.19

Xof i 157 pHh TR 5 SR AT 45 23, S5 R AR
i R AR )y FE LG B, e R RN
0.9954, J5Zer#r (£ 10) nlHl, “ R P /)
F0.01, HRAUI P KT 0. 05 ; Ho bk ) 42 fil W] B2
x; U] fil W B2 g B L PO 0 58 B0, i St
A1 8 3 oo VI ST 0] 13 T o, B 5 J00RT 25 g
U VIESRTE S AN

T REsZ e N A% TEDRIERAL R 2 R
WERREOCT  BIERAS 50, % — By [ A 47
DA A5 28T H 105 5

f=4.16 -9.79 x 10 °x, +5.36 x 10 "*x, —

0.301x, —2. 03x,, +1. 17 x 10 " x, x4 —
7.4 %107 "x2 =7.7 x10 "x; +
0.003 7x; +0. 21x3, (3)
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Tab.10 Analysis of variance of bending broken force

for response surface quadratic model

JrEERIE O AMEE ¥ F P
R 14 657.33 185.06 <0.000 1
x; 1 7442.42  2095.25 <0.000 1
g 1 763.22 214. 87 <0.000 1
%o 1 0.22 0. 061 0.8095
x50 1 0. 45 0.13 0.728 4
X2 1 556. 49 156. 67 <0.000 1
X7 1 0. 40 0.11 0.7420
X210 1 0.25 0. 069 0.797 3
Xg2Xo 1 0.15 0. 043 0.8395
X210 1 1. 10 0.31 0.5877
X9 X1 1 0.011  3.104x1073 0.956 5
e 1 88.42 24. 89 0.000 3
X2 1 305. 07 85. 89 <0.000 1
x 1 22.17 6.24 0.028 0
PN 1 22.30 6.28 0.027 6
i 12 3.55
J AT 10 3.53 0.97 0. 609 3
Al 2 3.65
eyl 26

AR 3 5 SR ) 2Z 6] B 22 AF 4 i
(AT e 37 T 23, SR O A Ry A A 40
B, 2T A RN 11,

11 THBANREMEE _RESERFTESH

Tab.11 Analysis of variance of error of bending

broken for response surface quadratic model

FERE AW ¥ F P
R 14 191. 81 4.08 0. 009 7
x; 1 255. 86 5.45 0.037 8
g 1 198. 62 4.23 0.0622
X 1 0.33 7.018 x1073  0.9346
£ 1 0.12 2.602x1073  0.9602
P 1 573. 84 12.22 0.004 4
X% 1 0.26 5.537x1073  0.9419
X% 1 0.74 0.016 0.9022
XgXg 1 0.32 6.796 x107*  0.9357
X% 1 0. 66 0.014 0.907 3
X9 X1 1 9.000 x10™* 1.916 x10™°>  0.9966
pe 1 1431.48 30. 48 0.000 1
x2 1 217.51 4.63 0.0525
%3 1 2.34 0. 050 0.8273
*2 1 2.38 0.051 0.8257
B 2% 12 46.97
AU 10 55.58 14.21 0.067 5
ali R s 2 3.91
A 26

5 NZXTBIA S AR R 22 AF B B2 1k

XEREEIN T s e 38 2 P A K 225 7, LR il SRk
IR T g G SV ] AT 0, LA B A5 33 PRIAH 26 119 38
FIGURIE 5 RSN S 3 DRI I 5325 1) g 7 g TR
BN T 0, #HC 0 KA, 5351 2k 40 MPa FlI
5 MPa,
SRR T A8 5 JE S IR iR 2 Af
55 BEMERRZ M ik 2 mm 377 # o,
Af=92.09 3. 155 x 10 *x, —1.009 x 10 ", +
119 x 10 ™ 7x,x, +2.97 x 10 22 +6.5 x 10" "x;
(4)
X5 R SR e/ IMEL 19 2, =4.60 x 10° N/m, v, =
3.55x10° N/m, ¥ ZH MR AKX (4) H1F Af =
1. 61 N, MIXFiRZE K 3. 22% ; S HACARL (3) hig
£=50.95 N, MIXF iR 224 1. 98% ; 0 7 (1) f Rk
ISR ZEFF BRI 75 mH Dy AT fE . DO
EENNE 2 Gii g BRI RENT L BRI 8 - B ) 37 VAW
50. 64 N, 5 52 bR il 40 B IR 07 22 18] 09 A0 XT3 22
1.38% ,FLIUSE R 55 bRl i 45 SR T W 22 5%, 4

3 EFHEAEIRIREIE

N T BAUEARE S S BORG ZE Z i T A e S
HERAE , 0 5 ST 1) ZE T 2 BT A B X Tl AT
WVEDEHM SR EAT BA Wik 15 P, LA 2 300 1
S EAR 15 mm S L, 200 S HAR
13 .14 .16 .17 mm BYFAPEHMSEZERT | B8 S50 0 E
SR 12) AT R, HAb BEE R AR dE ST
EROTE R, 552 PRifgxt L BIE
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Tab.12 Parameters of fodder rape crop for discrete

element simulation

ZH Bl
FAPEHESEIAA L 0.41
AR IARA L 0.30
T eHh = 85 V)AL i/ Pa 5.89 x 10°
MR B YIBLHE/ Pa 7.94 x10'°
TAENHSE S/ (kgom ™) 1049
B/ (kgom ™) 7 850
T Behh S ZE AT Rl R R A R A 0.5
Ik S 2T ) i 4 DR 0.43
e B HIHh SR ZE AT a1 VR ) B 4 PR B 0. 05
TR R SR ZEAT - AR S R B 0.5
TR ARH T R 25T 0 i 4 R 0.29
FaPAH SR 2R —NVR Bl B R AL 0.1
UKLV ) H W E/ (Nem ™) 4.60 x10°
YIm R/ (N-m ") 3.55 x10°
Il B2 1) 2 71/ MPa 40
Il S8 1) B2 71/ MPa 5
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Fig.6  Stalk broken simulation experiment and

physical experiment
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Tab.13 Comparison results of broken force

TR BHIM SR ZEFT HAR/mm

S8
13 14 15 16 17
WIS EME/N 392.60 45.12  50.64 54.36  61.28
WR SR AE/N  383.10 46.58  49.94  56.54  63.86
AHXT IR 22/ % 2,42 3.24 1.38  4.01 4.21

AN B AR AL S 2R RT3 ), O B A S
PRiR g5 RAXHR2ZE R KT 4.21% , AR )1 525
MEAEA RIFMETEXR, RS EhR € ik iE
Ty, ST T R A R T A

4 Hig

(1) 3 35 0 A5 2 10 R vl 32 25 AT 3 B R
15. 18 mm, MR ZEFF % 5 R 1 049 kg/m’ , Z5FF J 4
BiiE By UIRLR ANA AL L2 E 5 3R 16. 61 MPa,
5. 89 MPa Fl10. 41 ;3 iz 4 P00 £5-9h 3 25 FF Uk
(IHER A Y4 Sy 33. 100, 255 25 il KRBk 17
YN 49.94 N,

(2) Ak aeh = 25 (] lf 43 K 2 2R 0 Rk I S
ZEFF MR TR 52 2R B AR S 2R AT TR Bl B
PRIOG HE R 52 /0 FEBUE A 8 4 0.5.,0. 5 F1
0. 1; Rk S ZE T 1) B2 458 DR K T Rk vl 5 25 7 [1]

TR N A R E S IO 3 e hit S 25— e 45
PRI S -7 O HEAR A B s 3 4 3 DA PRk
Y5 HERR A 55 0 a0 HE FR AR 2 TRDRE X 15 22 A Wi 7 (L
VAT AT, SRR X 158 2 1 Uk R AR | DLAR X i3
2ete/ A BER AR A5 T ARl S 25T ] B 45
RIECH 0. 43 fabhb e 25 FF VR S B L ECh 0. 05
TR AT EE A R BN 0. 29, FI FH AR 42 fi
SRR AR AT HERR A A g O LA R 5 5
DMEABRTR2E R 2. 27% .

(3) 38 2ok R AR A 37 ) Rk T S 25 Rl R A
R AR CCD JR3H, 7 TS S80S W0 1 Z 18]
() R BTSSR | 7 22 43 B AT A 32k 1) 4 O 2
Y 1e) 42 sk M 5 R 35 D5 B0 A8 B0, i R 1] g
mE e T VAR O R S R DR 37 WIRERTE S A8
DI 475 BB 5 5B =2 [R] A9 156 22 A e o (B 204 7
G3HT, ST R IR I AR A B3 ) 422 k1)
JEE 70 vy 22 A O 2 e 59 T g ARl S0 1w 1 g
K 4.60 x 10° N/m . 3.55 x 10 N/m,40 MPa #lI
5 MPa, FIFREEESEGHAT 07 BIRL , 5 SEBRikn
Z IR RAXT R 2R 1. 38%
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