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Establishment of Discrete Element Flexible Model and Verification
of Contact Parameters of Flax Stem

SHI Ruijie DAI Fei ZHAO Wuyun ZHANG Fengwei SHI Linrong GUO Junhai
(College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract . Flax stems contain a large amount of cellulose and have strong toughness. The discrete element
rigid model is challenging to express the physical and kinematic characteristics of flax accurately stems in
the process of joint harvesting, resulting in the lack of flexible model and contact parameters in the
dynamic process of communal harvesting and difficult to micro study. In order to solve this problem, the
root, middle, and neck stems of flax were taken as the research objects. The modeling parameters of flax
stems were calculated based on the intrinsic parameters. The bonding modeling method of the discrete
element method was used to construct the flexible model of flax stems, and the intrinsic parameters and
contact parameters of flax stems were set as high and low levels. Plackett — Burman and Central —
Composite tests were used to determine the contact parameters between flax stems and harvesting
equipment. The flax stem shear test and stacking angle test were used to verify the model’s reliability. The
results showed that the normal stiffness K, =1. 13 x10° N/m’, and tangential stiffness K, =5.6 x 10° N/m’ in
the flax flexible model parameters. Normal critical stress o = 6.67 MPa, tangential acute stress y =
8.5 MPa, bond radius R, = 0.25 mm. The optimal values of recovery coefficient, static friction
coefficient, and dynamic friction coefficient between flax culm — steel parts were 0.33, 0.28 and 0. 14,

respectively. The optimal values of recovery coefficient, static friction coefficient, and dynamic friction
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coefficient between flax stems — flax stems were 0. 3, 0. 508, and 0. 033, respectively. In the shear test,

the relative errors between the maximum shear load and the simulation results were 1. 67% , 3.09% and

5.44% , respectively. In the stacking angle test, the relative error between the average stacking angle of

the stem and the simulation results was 0. 31% . The flexible modulus of flax stem was consistent with the

contact parameters and the actual situation. The physical properties of flax stem can be characterized.

The research result can provide some reference for discrete element simulation of flax stem.

Key words: flax stem; discrete element method; flexible model; contact parameters; test verification
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Fig.2 Dynamical and static friction coefficient test of

flax root stem
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Tab.4 Design and results of Plackett — Burman test
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Tab.6 Test scheme and results of the steepest climb

e X, X, I BRSNS IR

HERUM 6/(°) n/%
1 0. 45 0.025 35.35 8.35
2 0. 47 0. 027 36.09 6.43
3 0. 49 0.029 37.53 2.69
4 0.51 0.031 38.48 0.23
5 0.53 0.033 41.67 8.04
6 0.55 0.035 42.98 11.43
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Tab.7 Central — Composite test factors and coding
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Tab.8 Test design scheme and results of

Central — Composite

RBFE X Xo  MEBUH /() HIMBE /%

1 0 0 38.48 0.23

2 1.414 0 40. 02 3.76

3 1 1 39. 86 3.34

4 0 0 38.63 0.16

5 0 1.414 38.56 0. 003

6 1 -1 39.53 2.49

7 -1 1 37.89 0.36

8 0 0 38.49 0.21

9 -1.414 0 37.52 2.72

10 1 -1 37.25 3.42

11 0 0 38.61 0.10

12 0 -1.414 38.02 1.43

13 0 0 38.52 0.13
EYEL i)

£ =38.55+0.97X, +0.22X, —0. 078X, X, +

0.14X2-0.1X? (8)

3.3 @RS AIRE
%} Central — Composite it K 25 J HE f /1 7 ¥E 47
WEE BT, R NER 9 PR,
£9 WMEEIHRBEBEMSIT
Tab.9 Significance analysis of response surface

optimization test

AR FrHM O ARE B F I
A 8.21 5 1.64  105.01 <0.0001**
X 7.58 1 7.58  484.53  <0.0001**
X, 0.38 1 0.38 24.03  0.0017"
X, X, 0. 024 1 0. 024 1.54 0.2551
X: 0.13 1 0.13 8.43 0.0229*
X? 0.073 1 0. 073 4. 66 0.067 7
i 0.11 7 0.016

AL 0.09 3 0.03 6.22 0.0549
R 0.019 4 0. 005

S 8.32 12

Vi FRE R B E(P<0.01); « £5 %5 8% (0.01 <
P<0.05),

FH22 9 W0, HER M R I 07 P <0.000 1,
HeiE BB R =0.986 8, I P >0.05, 45 5 2 ¥l
0.32% , [AT AR AU b 35, R AUAS b 3, SR A% Iml 9
FRILA by A I 00 19—k (el U5 7 2 5 S B ML A°F
GLReIEM B ¢ 5 X, X R R, Hr— ko
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Fig.6 Response surface of stem stacking angle of flax
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7 X X 04T B AR AR 23 A, B € H bR ek AU 29 )
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{ -1.414<X,<1.414 (9)
{ ~1.414<X,<1.414
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Fig.7 Test of flax root stem shear
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Fig.8 Test of stalk stacking angle of flax stem
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Tab.10 Discrete element model and contact parameter

verification test results of flax stem

S HER/ B Y1 R B A /N
(°) RS i Fai
ORI 38.58 45.97 29.42 19. 64
D5 HAl 38.70 46. 74 30.33 20.71
£l 0.12 0.77 0.91 1.07
AHXT 1R 2/ % 0.31 1.67 3.09 5.44
5 #ig

(1) DU RRAR FBZE AT | 30 25 FF L 50050 25 41 M 0F
FER G, DVHARAE S5O0 0 58 3L a1 B A5 5 R ZE AT
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L) R ZE R ZE PR AR O DUH R 25 FF 4538 o AR
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