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Determination of corn stalk contact parameters and
calibration of Discrete Element Method simulation

ZHANG Tao, LIU Fei, ZHAO Manquan™, MA Qian, WANG Wei, FAN Qi, YAN Peng

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

Abstract To improve the accuracy of the discrete element method simulation of corn stalk, the contact parameters
tests of corn stalk and the hammer of tearing choppers.corn straw and corn straw were conducted in this study. By using
the average value of the radial stacking angle as evaluation index, the orthogonal method was used to calibrate the
contact parameters of the corn stalk discrete element simulation input. The coefficient of restitution, coefficient of static
friction and coefficient of rolling friction with corn straw and hammer were calibrated by discrete element simulation. The
results of the optimal scheme were 0.663,0. 226, and 0. 119, respectively. In addition, the coefficient of restitution,

coefficient of static friction and coefficient of rolling friction with corn stalk and corn stalk were set to 0.485, 0. 142 and 0.078,
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respectively. The mean error value of discrete element simulation using this parameter combination was 8. 127 % .
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1. Feed hopper; 2. Spindle pulley; 3. Lower casing; 4. Rotor;
5. Motor frame; 6. Frame; 7. Rack; 8. Throwing blade; 9. Hammer;
10. Upper casing;11. Discharge trough
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Fig.1 Schematic diagram of 9R-40 tearing choppers
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Fig. 2 Time-displacement curve of corn straw movement
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Fig. 3 Discrete Element Method model of corn stalk
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Table 1 Material parameter setting of Discrete

Element Method simulation

w4 Rk ZH U
Material Parameter Value
ER/N A 0.4
EAFERF
K 39 8 Bt/ MPa 1
Corn stalk
I/ (kg/m*) 189.7
THAS L 0.3
gt I
By PI# & / MPa 79 000
Steel

% ¥/ (kg/m*) 7 865

3.2 BEMSHIZE

AR 58 AR A 1 KA AT B HOT O B fil 2 8K
A4« FORFEFF 5 B pE HLEE 5 OB RE R 4R fif 48 1k &
FRBH T R R DRV BORINR Bl B 4 R B RS FT 5 ok
Tl T Al 45 K O 2 50 e 4 DR BSORTI VR B B 4 DR 4L
6 S8, IS B N Los (5°) 1F 238 45
BB AR ) HE U U0 O BLbR A . B IO RS AR AR A
i [5E 3R AORE G 45 17 B, 5 S B AR R AR L BS OR T ORDRS
JE T AAS I 55 LA 2 B0 A R LA L 38 240 T 5
FLS R AR T 0, 1 3SR 1 L 6 ANk 2 8K
1 7K1 B A SR I E (E 1) 0. 7.0.8.,0.9.1.0.1. 1
i 3L 5 AT B BT B ik S 805 8 R KR
DL 2200,

K2 BEMBSYEBREAGERRERSKE

Table 2 Factors and levels of Discrete Element Method

simulation of contact parameters

K- Kl & Factors

Level A B C D E F
1 0.422 0.226 0.076 0. 340 0. 142 0.069
2 0.482 0.259 0. 087 0. 388 0.163 0.078
3 0.542 0.291 0.098 0.437 0.183 0. 088
4 0.603 0.324 0.108 0. 485 0. 203 0.098
5 0.663 0. 356 0.119 0.534 0.224 0.108

TE A BLC AR5 KRS FT 5 37 e LB 422 A f) 0k 52 2% 5 458 PR B TR 30 B 4%
W DVEF 53 50 0 5 KRG FT -5 KA AT fsh 1) ¢ 52 DR e B 45 TR B 3R )

Note:A,B and C represent the corn stalk and rubbing machine hammer contact

recovery coefficient, static friction coefficient and rolling friction coefficient,

respectively. D, E and F represent the coefficient of contact recovery, the

coefficient of static friction and the coefficient of rolling friction of corn straw

and corn straw respectively.
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Fig.4 Discrete Element Method simulation model
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Table 3 Relative error of contact parameter between simulation results of
Discrete Element Method and experimental results %
A X 5 22 AH X5 22 AH X5 22 A XT3 22 AH X5 22
RN ass . RN ey ) RN ey . EN s ) PN ey .
Relative Relative Relative Relative Relative
Number Number Number Number Number
error error error error error
1 10. 367 6 12. 657 11 23.941 16 32.533 21 3.170
2 26.851 7 31.848 12 26.900 17 26.028 22 32.311
3 44,19 8 32.125 13 33.087 18 34.671 23 56.080
4 43.976 9 47. 394 14 47.799 19 64. 156 24 30. 644
5 71.059 10 67.903 15 50. 353 20 43.149 25 47.986
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ZEHRT.298%,
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e FEA 0 b 38 7 AR [ S 43 07 )5 A5 313208 56 A2 1)
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Table 4 Range analysis of Discrete Element Method simulation results of contact parameters

&S .

Range A B C D E F
K, 196. 443 82.668 193. 052 183. 889 149.516 187. 443
K, 191. 927 143. 938 210.097 191.017 180. 844 153.093
K; 182. 080 200. 152 173.772 178. 661 206. 318 206. 782
K, 200. 536 233.969 183.519 164.017 165. 180 217.927
Ks 170. 190 280. 450 180. 737 223.592 239. 318 175. 931
R 30. 346 197.782 36.325 59.574 89.803 64. 834

E:AB.C.D.E\F R B Tl B B RFEFF A 2 ik S 80 BAR & X% 2. K K2 K3 WKy Ks 43008
1.2.3.4.5 /K0 07 A5 AR IR 2 (HZ A R i 22 (8 AR w0 L A5 R M RN E
Note:A,B,C,D,E and F are the contact parameters of corn straw simulated by EDEM, and the specific
meaning is shown in Table 2. K; , K, ,K3,K, and K5 are the sum of the relative error values of the
simulation results at 1,2,3,4 and 5 levels, respectively. R is the range value. It represents the

primary and secondary factors that affect the accuracy of simulation results.

25 b AR5 o 1.6.21 AR 5 & 09 50 ik 56 PR ZE(E e /N o B KRS FF 38 R A 20 A7 38 060 &5 1 Akt
G IE 3 56 25 1T 5 B AR X 1R 22 F Y AE 4 5 ok F PR B BT LA T UL IRL 55 3 0 3 B 45 R R R
10. 887 % .16. 408% .8. 642% .8. 127 % , Fefl J7 & A M HOTh B R ILE 6,

(a) (b)
5 EXREAHRAIMARER ()N BHTHELER(b)

Fig. 5 Comparison between simulation results and experimental results

(b)
6 FEREFERARIEXBER (a)MMHMHBERTHELR(b)

Fig. 6 Comparison between simulation results and experimental results
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