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FERT A% A [a] g [58 9ICAES T R0 5 132 326 FH A () 5 2
FO B TC, RS B 1 1 A S A A1 B 9IS 42, RS B 0.005
mm, = A RO A AR A IR 23 ) B IR
Y 3 ANTT IR AT (B D

X g K BT 1 LY S S BE TS L Z g e R 5 e ) = A R
a3 S0 35 BUCRE AN T 18] b 2 A TR AT DN L TR RO 1.2
708 5 U0 T A8 2 A I TR #4350 55 0 A 2 3 A 7 1) 11 s
XS EEHCECE . X is the length direction, Y is the width direc-
tion, and Z is the height direction. When measuring triaxial dimen-
sions, select two vertices in each direction for measurement. The
vertices are selected as sign 1 and 2; when measuring the radius of
curvature, measure data is recorded after the center of the paw is a-
ligned with the center of the three directions.
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Fig.1 Minituber’s characteristics
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Fig.2 Probability distribution of triaxial dimensions
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Fig.4 Compression test
DT B D U5 6 B 6 R 915 99 6 R 2% )
IR A SCF

G=— Tt (D
2(1+p)

KD E Rt &, MPa; o I G
sy ot . i CD AN, B YDA G AT G s AR
AR B T A B IS b B R R S
SCHRL8 15 6 M E o

Hf 3 Fh oA B 4 PR T 25 S 4 9 A R AT IS
BRI 50 A, 20 5145 9 4 5y YA i JH #A bL RN B
PERR B, X4 R Y SO S o R B A T
5 25 R R PR A AR L SRR O e, Wk 1
FIoR AL T BT A — A R P i g 45 2R, i
WA RGO 4 (E . I 25 R BoR , [/l — i
[ AN [ o £ 19 ol B 28, RL s PR i YT b e B D) A

I G W] AR L (A [R] At o ) 22 S BT A

F1 MEBENTYIESEMAERE

Table 1 Shear modulus and Poisson’s ratio for potato minitubers
LIR%) 5 ; PP
., IR gy, IR

i MPa Poi s MPa

oisson’s
Variety Shear K Elastic
ratio

modulus modulus

<3g 0.756 0.330 1.965

CRVEE 3~5g 0.755 0.328 2.008

“Daxiyang” 6~10 g 0.751 0.335 2.005

F¥ Avg. 0.750 0.330 1.993

“ g 5 =)
. S , 0.690 0.400 1.934
Zhongshu No.5”
.‘,pég =
-+ 7
0.650 0.500 1.956
“Huashu No. 17 7 7 7
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A:“ERE 1 575 ABSfilifiE Collision between “Huashu No.1” and ABS; B.“#% 1 57 5“4 # 1 S ki Collision between “Huashu
No.1” and “Huashu No.1”7; C:“fE2 1 5" 58 M Al # Collision between “Huashu No.1” and steel plate; 1.5l {# #1 #} Collision material; 2. %]
J¥ R Scales 3.5l 1 A9 f # 2 Collision of minitubers; 4.3 5% Experiment shelf.
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Fig.5 Measurement of collision recovery coefficient
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Fig.6

Simulation particle model
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Table 2 Simulation parameter setting for stacking

1) B2 Simulation parameter

“KPGFE” “Daxiyang” 0.33 1068 0.75 0.482 0.449 0.493 0.434 0.120
:Znigsi”l\]oj” 0.40 1 044 0.69 0.480 0.460 0.390 0.356 0.089 0.010~0.110
:ﬁfs}lufl\,l’o 7 0.50 1 056 0.65 0.459 0.440 0.411 0.380 0.082
ABS 0.394 1180 318.90
3) HE AR AR Ak g, HE B A 08 R A Bl AR A 0.384<A,=<<0.484

(LT A5 LA b AR PE #5505 8 Hertz-Mindlin, #1 0.010=B,=0.110 )
Bl ABS, 16 8 PF Geometry BTl &1 1 4 200 0.070C, <0.170
mm X150 mm X 150 mm 3% K T, — D ELLH 6=24.351°

N . A 0.306<<A,<<0.406
VU JE s AR AR S R T I B 5 R A R T 0010 BL<0.110
WORL T B B M B i 3.0 ke, MG Fl 25 0:039<C9<0:139 D
49 S BR TUAR) RS 15 8, b 28 4 R — 5 1 it 1L 91 DA 0=21.658-°
500 A~/ Y BEIFCFE R T A N SECTERE ] 5 s 0.330< A, <0.430
FrfhEE NG AT 1 IR E T KO IR 0.010<B,<C0.110
T 95 24 AR HE 6 P 38 0 MO AR 18 K R ) — O T 0.032C.<0.152 ©
PL 0.1 m/s (3 RE ] |38 2, (5 R 2 A8 LA 4 2% 1 3 0=22.575°
FEM &b A O A AR b 5 B R CE SN 10 s, 0 BEE N
T S S D HE AR AR . O S R B -
FERIA ], X6 3 PR AT 5 I BA M E AKX 21 MM EIRE

B 5 E 0, R 6)~(8),

A A7 E Simulation; B: ELSZIR I Actual test.
7 ERAIKRE
Fig.7 Stacking angle test
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¥k MATLAB X & 7 i A7 hb 200, S 300 )5
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Table 3 Simulation test design and results of “Daxiyang”
R = K # /KF Factor level Wil S 0/ (%)
Number A B, C, Response
1 000.434) —1€0.010) —1(0.069) 20.741
2 0 1€0.110) 1€0.169) 30.653
3 0 0(0.060) 000.119) 28.132
4 0 —1 1 22.575
5 0 0 0 27.043
6 0 1 —1 30.080
7 —1(0.384) —1 0 21.314
8 0 0 0 27.617
9 —1 0 —1 26.184
10 1€0.484) 0 1 28.476
11 0 0 0 27.387
12 0 0 0 28.361
13 1 0 —1 27.330
14 1 —1 0 21.830
15 —1 0 1 28.075
16 —1 1 0 30.825
17 1 1 0 31.226

R A B C a3 T A ] R 4 AR R ORI
RENEEE R B KPGE" S ABS RSB R4, Note: Ayis the
static friction coefficient between “Daxiyang”,Biis the rolling fric-
tion coefficient between “Daxiyang”, C;is the rolling friction coeffi-

cient between “Daxiyang” and ABS.

J.]E%.:

S K
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i;jg -120
160

100 200 300 400 500 600 700
JK P14 2 15 Horizontal pixels

At FUSf Stacking angle; B: # BUil & Extraction boundary;
C: HZ 4 Straight line fitting.
B8 A=
Fig.8 Measurement of the stacking angle
AR A 0 418 6 20 BE 23 Fr Tt € 75 6 19 S 880 LU
HAR T A B, C R A0 B S L oK S Br 3 AR A

15 Ry e B CH A % a] 0 A AR g (2 6) . X (6)
t o AVBLC 3l Ry Gl B T ] i RE 5 AR R T B 1)
RONEBRE MM ES ABS MRS EHE R,
2.3 3 RV B 5 S EE 157, 0
AR R TGV R R 2R, e “RPE T h g
5L E 1 5 5% A Rl 09K 3 B R A
435124 0.031.,0.020 A1 0.024,

22 RWEHERWIE
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Cre ) 1o TS 0 00 75 1) 40 B 7 2 R iR 2 80 42 il 0
22O ELAR 30 00 TR B T 1R Bl R 8 R B A
EDEM B2 8uix & i, HRM L E S L& 2,
T O ORI S B R 2.0 ke I FLES ] 10 s,
i 2 S0 5 £ ELARSE 5, I B DL 0.1 m/s Y
TR ) A s B, B R T ELAS L A R P
“rhdE 5 S s 1 S 0 BOME R 4 i R
23.377°.,19.824°F1 20.913°,

SRR (B 9B) 5 05 B 5 O ik — B #E47 5
WEEIRXR G KV s 57 EE 1 571
HEFAA 4> 9N 23.778°,19.423°F1 21.314°, 50 H
HEFR AR 56 25 AR L, A X R 25 400 1,69 %,
2.06 %6 .1.88 %6 , R W SR FH 1 J7 2 AT 15 3 45y A8 BLAY
G5 5 SEBRE DUA AT . RGO 2 B 1T UKL 2 80T
i EDEM 4045 E 5 5 W0 5 BILAK 3 A 0 1k 42
2%,

A

A5 EILE Simulation test; B EAIK Actual test.
9 BRI

Fig.9 Lifting test of the cylinder
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Discrete element simulation parameters-based measurement
of materials for potato minituber

YU Cancan' ,DUAN Hongbing'*,CAI Xingkui*, XU Tao',YAO Feihu' ,CHEN Zhihui', YAN Fuyong'

1.College of Engineering s Huazhong Agricultural University sWuhan 430070,China ;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Potato Biology and Biotechnology ,
Wuhan 430070,China

Abstract Parameters of physical and mechanical characteristics are indispensable in designing pota-
to minituber related mechanical equipment planter and classifier.Parameters of the contact mechanics are
indispensable in developing simulation technology as well. The virus-free potato minitubers (referred as
“minituber”) including “Daxiyang”,“Zhongshu No.5” and “Huashu No.1” and the relevant parameters
required for discrete element software EDEM in potato minituber were used to measure physical parame-
ters and contact mechanical parameters of three kinds of potato minitubers. Self-made equipment was
used to measure and calculate the triaxial dimensions,weight,radius of curvature,density,Poisson’s ratio
and shear modulus. The contact mechanical parameters of three kinds of minitubers and three materials
(steel plate, ABS and the same variety potato minitubers) including the collision recovery coefficient
were measured by using a self-made collision device. The static friction coefficient was measured by using
the method of sliding on an inclined plane. The combination of rolling on an inclined plane and high-speed
photography was used to record the rolling distance and measure the rolling friction coefficient of potato
minituber,steel plates or ABS.The response surface method was used to design the test by using coeffi-
cient of static friction and coefficient of rolling friction as test variables,and the stacking angle as test in-
dex.The parameters measured in the above experiment were input into the EDEM for simulation to ob-
tain coefficient of the rolling friction in minitubers.Using the stacking angle as the response value, and
the credibility of the simulation results was verified by raising a round pipe slowly.Results showed that
density,shear modulus and Poisson’s ratio had little correlation with the basic parameters of physical
characteristics of minitubers. The triaxial dimensions, weight and radius of curvature were quite different.
The varieties were different as well. The contact mechanical parameters of the three types of minitubers
and their own same variety were lower than those of the steel plate and ABS. The coefficients of static
and dynamic friction of the three types of minitubers and ABS were higher than that of the steel plate.
The collision recovery coefficient showed the opposite trend. ABS was lower than the steel plate. The con-
tact mechanical parameters of “Daxiyang” were higher than those of “Zhongshu No.5” and “Huashu No.1”.
Among the three materials, the contact mechanical parameters with the steel plate were the largest, indicating
that its elastic recovery performance is the best, with relatively large friction and relative difficulty to be dam-
aged.The fluidity and the mechanized seeding performance was poor. The difference of contact mechanical param-
eters between “Zhongshu No.5” and “Huashu No.1” was small. The measurement results of different varieties of
minitubers were quite different. Users can select the required parameters in the text according to their needs. The
variety should be fully considered in the design and simulation calculations.Compared with the actual accumula-
tion angle of the experiment,the simulation results of different varieties of potato minituber were less than 3%7 ,
indicating that the results are reliable and the actual parameters of the minituber particles measured can be used
as simulation parameters in the EDEM software.

Keywords potato; potato minituber; measurement of materials; discrete element simulation; coef-
ficient of static friction; rolling friction parameters; stacking angle; virus free seed potato; mechanized
sowing
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