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Fig.1 Sampling diagram of lotus root
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Fig.2 Uniaxial compression test
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Fig.3 Main lotus root and steel rolling friction test
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Fig.4 Measurement of friction coefficient

between main lotus root and main lotus root
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Fig.5 Model of collision
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Fig.6  Central collision test between main

lotus root and other main lotus root
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Table 1 Intrinsicand contact parameters of main lotus root
ZH Parameters Bt
Value

JAFA L Poisson’s ratio 0.22
PR i /MPa Young’s modulus 3.02
) /MPa Shear modulus 1.24
3 A ) il 42 0K 5 R AR
Coefficient of restitution between main lotus 0.54
root and other main lotus root
= 3 A ) A R B
Coefficient of static friction between main lotus 0.58
root and other main lotus root
= 5 A i) VR B B 4 R L
Main lotus root-main lotus root coefficient 0.19
of rolling friction
= A0 il A R B R B
Coefficient of restitution between main lotus 0.81
root and steel
0 - A R B
Coefficient of static friction between main 0.51
lotus root and steel
R RIR B B R L
Coefficient of rolling friction between main 0.16

lotus root and steel
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Fig.7 Cross section of main lotus root
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Table 2 Size of inner hole of main lotus root mm
£ R K S Al R
Number Long axis Minor axis Depth
1 13 9 7
2 15 12 8
3 11 7 7
4 12 7 6
5 7 5 4
6 7 5 4
7 12 6 6
8 11 8 7
9 14 13 8
10 4 4 30
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UKL - A B S S BE T o R R L 23 O T A 7
JZ T IR SR S AR B L RO FR B BRI A B 8

A

A= BUE Point cloud datas B: % B Ml T A %Y Profile surface;
C: SARBIR Solid model.
8§ FRE=HER

Fig.8 Three-dimensional model of main lotus root
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Fig.9 Particle model diagram of main lotus root
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Bending failure of main lotus root
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Fig.10 Bending failure test of main lotus root
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Fig.11 Bending failure simulation of main lotus root
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Table 3 Single factor test
%5 No. x,/(N/m*)  z,/(N/m*) x3/Pa x,/Pa
1 108 108 10° 10°
2 107 108 108 108
3 108 108 10° 10°
4 108 10° 10° 10°
5 108 107 108 10°
6 108 108 108 108
7 108 10° 10° 10°
8 108 10° 107 10°
9 108 10° 108 10°
10 10® 10° 106 10°
11 108 10° 10° 107
12 108 10° 10° 108

i 56 B, 35 B TIOR3 il AR AU 8 Hertz-Mindlin
with bonding #E#I , ¥E 4 3@ Jz JURL 0058 80k DL K A1
e Rz -0 R JIURE [R] 43 90 S om0 oRG 45 B L O ORE &5 S5
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Table 4 The code of bonding parameter

#4528 Bonding parameters

i i {H
Code value xy/ xy/ x5/ xy/
(X10° N/m®) (x10°®° N/m*) MPa MPa
—1 1.00 1.00 1.00 1.00
0 1.95 1.35 2.80 3.12
1 2.90 1.70 4.60 5.23

B k445 W

Shear stiffness per unit area
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Fig.12 Single factor test
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x5 ZKFRFIKE z, —1.95 X 10°
Table 5 Regular two-level factorial design o 9.50 X 107
(10)
P xy/ xy/ x5/ xy/ ED z, — 1.35 X 10°
No. (X10° N/m®) ( X10° N/m’) MPa MPa ! e 3.50 X 10”
1 1.00 1.00 1.00 1.00 0.85
. . . . . T BT
2 2.90 1.00 1.00 1.00 0.19 ®T RETRLRE
3 1.00 1.70 1.00 1.00 0.37 Table 7 Steepest ascent
4 2.90 1.70 1.00 1.00 0.21 K 1/ =/
5 1.00 1.00 4.60 100 0.85 Step (X10° N/m®) (X10° N/m®) ED,
6 2.90 1.00 1.60 1.00 0.19 0 950 L350
7 1.00 1.70 1.60 1.00 0.37
8 2.90 1.70 4.60 1.00 0.21 a 1.288 0.700
9 1.00 1.00 1.00 523 0.85 0+4 3.238 2.050 0.21
10 2.90 1.00 1.00 5.23 0.19 0+2A 4.526 2.750 0.19
11 1.00 1.70 1.00 5.23 0.37 0+3A 5.814 3.450 0.03
12 2.90 1.70 1.00 5.23 0.21 0+4A 7.102 1,150 0.13
13 1.00 1.00 1.60 5.23 0.85 - e
7m a3 S +3A A ED, &
14 2.90 1.00 4.60 5.23 0.19 R 7 AT AR I It ED, 28
. " e . ~
15 1.00 1.70 4.60 5.2 037 AKGIZKNEESETNE B IE(E N 269.72 N U
16 2.90 1.70 4.60 5.23 0.21 {Ej‘? 7.14 mm, EQQ{W lﬁ%é&%*ﬁXd’l}%ﬁéﬁ%”ﬂﬂ
17 1.95 1.35 2.80 3.12 0.34
N N= N D kY
18 1.95 1.35 2.80 312 034 2.56%.2.00%, BAKIRZE K 2.28% , 0] LN A LB
B L9 R0 B2 Oy ) 4 O EE 3 16 6 R 80
21 1.95 1.35 2.80 312 o4 IEEFLN 1SRG S Bk S A AR L D B S S0 i b
R 6 —h NG MR R T E ST Xt b niE 13 P,
Table 6  Analysis of variance of first order 300
surface response equation
VES 3 A Y05 M F {4 P Z ¢ 50
Source df Mean square F-value P-value R 3
e
AL Model 10 0.111 9 87.25 <€0.000 1 = is”
) 1 0.656 0 511.760 0  <C0.000 1 ﬁg 100
) 1 0.213 4 166.450 0 <C0.000 1 ’ i B Simulation
T 1 0.000 0 0.000 0 1.000 0 —— 32l Measured value
x 1 0.000 0 0.000 0 1.000 0 =5 ¢ & %
P 1 0.249 1 194.340 0 <C0.000 1 (78 /mm Distance
212 1 0.000 0 0.000 0 1.000 0
. 1 0.000 0 0.000 0 1.000 0 B 13 {FE-KNe
T, 1 0.000 0 0.000 0 1.000 0 Fig.13 Curve of simulation-test
Tox, 1 0.000 0 0.000 0 1.000 0
A A
a2, 1 0.000 0 0.000 0 1.000 0 3 'LT]' 'L/I:\,
A= 1 0.012 8 0.771 9 0.393 5
. . . B P . < [ — e
Curvature ’ leﬁ)tl:ﬁ@_\LT%.‘ M O %E%%'fd:%ﬁ&jt*%ﬂ’ﬁﬁ
5% % 10 0.001 3 JH Hertz-Mindlin with bonding #5 5 % 25 ] B TR
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Discrete element simulation of bending failure of main lotus root

JIAO Jun'.ZHANG Guozhong'?,DU Jun'?,LIU Haopeng'”,ZHA Xiantao'”?,XING He'”

1.College of Engneering s Huazhong Agricultural University sWuhan 430070,China ;
2.Key Laboratory of Agricultural Equipment in Mid-Lower Yangtze River ,
Ministry of Agriculture and Rural Affairs ,Wuhan 430070,China

Abstract The Geomagic studio 3D and SolidWorks software were used to 3D modeling the main lo-
tus root of Elian No.5 with the elastic modulus, shear modulus,Poisson’s ratio and other intrinsic pa-
rameters obtained by uniaxial compression test and the contact parameters including the collision coeffi-
cient of restitution, static friction coefficient and rolling friction coefficient among lotus roots and be-
tween lotus roots and steel obtained by friction and collision test. The Hertz Mindlin with bonding model
in EDEM simulation software was used to establish the discrete element model of main lotus root. The
bending failure test of the main lotus root was conducted on the texture analyzer.Referring to the test re-
sults, the single-factor and two-factor discrete element simulation tests of the bending failure of the main
lotus root were carried out with normal stiffness per unit area,shear stiffness per unit area, critical nor-
mal stress and critical shear stress as the influencing factors. The results showed that the normal stiff-
ness per unit area and the shear stiffness per unit area significantly affected the displacement and the
first peak value when the first bending failure occurred, while the critical normal stress and the critical
shear stress had no obvious effects on them.When the critical normal stress was 3.80 MPa and the criti-
cal shear stress was 3.12 MPa,the optimal solutions of the normal stiffness per unit area and the shear
stiffness per unit area were obtained by steepest descent method to be 5.814 X10° N/m’ and 3.450X10°
N/m?*, respectively.Based on this,the simulation peak value of the first bending failure of the main lotus
root was 269.72 N and the displacement value was 7.14 mm.The relative errors of the simulation results
and the measured results were 2.56% and 2.00% , respectively. The discrete element model of lotus root
established will provide important reference for simulating the mechanical harvesting process of lotus
root and effectively reducing the damage of lotus root.

Keywords lotus root; lotus root harvesting; bending failure; discrete element; parameters calibra-

tion; aquatic vegetables
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