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Calibration of Simulation Parameters for Potato Minituber
Based on EDEM
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Abstract; In order to study the discrete element simulation physical parameters of potato minituber, the
combination methods of experiment and simulation were used to calibrate contacting parameters of particle
discrete simulation. The simulation experimental model was built in EDEM by using coefficient
measurement model of restitution, particle — steel friction coefficient measurement model and particle —
particle coefficient friction measurement model. The corresponding contacting parameters of particle
discrete element was used as independent variable, the data which was measured by simulation model was
used as evaluation index, and then curve fitting equation was built by changing the independent variables
to obtain the corresponding evaluation index value in the simulation model. Finally, the factors measured
in the real test model were substituted into curve fitting equation as the simulation target values to obtain
the discrete element simulation contact parameters of potato minituber. The simulation experiment was
verified through repeated simulation experiments. The particle discrete element simulation target
parameters were obtained as the particle — steel coefficient of restitution was 0. 523, the particle — particle
coefficient of restitution was 0.478, the particle — steel coefficient of static friction was 0. 644, the
particle — steel coefficient of rolling friction was 0. 022 1, the particle — particle coefficient of static friction
was 0. 325 and the particle — particle coefficient of rolling friction was 0. 030 0. The calibrated physical
parameters of the potato minituber were simulated by EDEM. The result showed that the calibrated
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particle stacking angles and seed distribution were consistent with the real experimental conditions.

Simultaneously, the result can provide theoretical basis for the design and optimization of potato minituber

related sowing equipment.

Key words: potato minituber; discrete element; simulation parameters; calibration
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Fig.1 Classification and simulation model of potato minituber
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Fig.2 Measurement test of potato minituber — steel plate coefficient of restitution
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Tab.1 Simulation test plan and results of potato

minituber — steel plate coefficient of restitution
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Fig.3 Measurement test of particle — particle coefficient of restitution
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Tab.2 Simulation test plan and results of particle — particle

coefficient of restitution
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Fig.4 Measurement test of potato minituber — steel

plate coefficient of static friction
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Tab.3 Simulation test plan and results of potato

minituber — steel plate coefficient of static friction
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WURL K P12 17 BUIE FF A BE AR IIEAE — AR H 4 1, L
R B T B T RE R B E R P, 280 U, e
e R ER SR S =50 mm, 3l i K AR 5
e B 2 (0 R0 2 OB VR Bl B B R — B, {H il T
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SLORMIBLGE 535 25 18, A SCLASEBROE ol 20 25 0 10 5
X G2 T i ol TR S — A Al T 0 B 4 DR 5 2 1 L
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IREIh

(b) i HiH
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Fig.5 Measurement test of particle — steel plate
coefficient of rolling friction
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el =0.523 p) =0.644, 215 BRI AT H il 82—
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FEAE RIS R A W BRIE 128 BROE 9 B 507 FL 00K P
P APE T 25 24T 3 WCE R R 3 7 HA 5, 1550
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B9 627 mm H1 638 mm, 1532 5 T 153 8 5L 2 A8 K F
M E VR Bl B R AR X R 254 1.88% 0. 16%
H1 MR WIAR E o B9 07 45 R Sl 45 R B A — 5L,
AL M Y S — A D TR B EE R RO W =
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Tab.4 Simulation test plan and results of potato

minituber-steel plate coefficient of rolling friction

EL o= TR B BE SR AL s KBRS L/mm
1 0.020 0 710
2 0.0210 673
3 0.0220 641
4 0.024 0 584
5 0.0250 558
6 0.026 0 535
7 0.0270 513

T 3 B A A5 TR S R [ B VR Bl PR 4 ] B
wh =0.022 1, HSAE0 2 15 w,, =0. 010 8, ¥ AT
RZE ik 104, 63% , & PR I i SN Al (81 VR 2
JEE 482 DR BS54 i LR
PRI T Rl 2 « (D B S ol 780 5 0K - AN 2 P AEL 1y A 3k sk [53)
BRAMS 78 BS54 T I AN REOR TIE JBORL 72 &R 21 i
H LB AT S — 45 ELAR A RO 7 LR 3 BE B8 77
FEVR 25, [ S FIr 3o B4 ok 78 S8 07 2 17 DA B B0 Al 2 T
FRME S0 BRI T 22 55 Q7 J I 45 M
RGO ) S RE M AFE T R ROk VR S EE 1R, i
O A5 4 FOURE— 50 Al [v0] Jr 7 A 1) e R 42 L % UK A VR B
b v 5 ARG FEE T A RE 1 R L I 0 AR T Tk
S P U2 FHUARL B P B PR 25, R EUBE DL B B 4%
45 BSR0 S R 22 R AOR B0 BlAR 8 (1 5 B S K
A A X 158 25 5 e I 400
2.3 B EEN ) EE R A

HE B A S R AE UKL P RL I B R 8 A R 1
W2 550, G vl e B 4 TR0 VR B R A TR B A % i S 8
X4 A T S E X el TR
JEE $8% TR RR TR 2l B 48 IR B35 0 LS BGH AT T, AR
T2 500 A58 7 ) oA Sk Al 7R 2 AU (i) e I 4 PR VR B
JEE $8% TR RN S5 475 BB HGHAT 43 B R A
2.3.1 AN A

R TR Al AR s R AT R Y (18] 6a)

PE (Q235 B A eh) th AF K (KK 400 mm | FE
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JEAR (1< 1000 mm 5 1 000 mm ) 2 )i, Jhy fili H50HE 7
TAEHE RS A e o T HOF K AR IR 2y
SRR HE | B LA 0 A R 1 LR P AR %
SE 8] F AR 0. 05 m/s, FF AP RERRE S5, MORL
FE BT B A4 TRT 5 7K 1 A - T A I 5 B A b 3 3
IR H A 10 k.

(a) MR (b) HERUA A LA
B 6 AR A B B
Fig.6 Measurement device with box

LR 206k 3.8 T 4L JERAR

HERR A B R R 1 R, R Matlab 9 47 4R
DR AR 2 o OB K, IR NS PR A IR B
Ab B AR AR B LIRS AR G S il £k f e A
Pl g/ o or 1 Sl 2 R AT B WAL T B
7 SR RGN AR AR o 50 R B AR 8 3R RN A ELR
Hom AN BA PR S A ELR R R HEAR
TE UM, K TE DI Al D HEFR S, by e A 3 B 32
H(26.32 = 1.20)°, i 5 3 BUA H AR (A 2 B
26.32°,

2.3.2 (i ESEO TR E
PEAT 5 B I, DL 57 # fOR  y FORE Y Oy

(a) FIAEE (b) R b 78

(d) FLiAZ7E
500
400
300
200
100
0
-100— = - !
-800 -600 -400 -200 (

(e) $£BGHFRIZ
Bl 7 HEFR ARG A

Fig.7 Image analysis by Matlab for stacking angle
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Tab.5 Parameters of discrete element simulation

EEi Bl
WURLIA A o 0.48
HARIAHS L 0.28
UKL B L) B 4t/ MPa 34.30
AR 55 D)KL B/ MPa 8.2 x10*
Wk %/ (kgom ™) 1077.03
WM/ (kgom ™) 7850
ORI~ R AR K 2 7 5L 0.523
TBUREL ] 1k 5 3R 8 0.478
SR~ Al i P 452 PR 0. 644
TBURL— 4R AR VR 2l FE 1 TR 4 0.022 1

V56 1A I k255 5 1 Solidworks = 4k J1 ] 455 76 4
e stp 4% XS0 A EDEM th, DL A {5 2
I B S BRa g8 v Br 0 2 R — 2 A
3 AR, 43 ) A O R /IR BR KORL L 26
BRIE 3 S R S BORL , 2 URL L O R L (K
400 mm , 5& 300 mm) , 4= {5 B9 FORLLL 0.5 m/s
BETF V& IE 500 R IR AR R Y, B R IR B RS
T ORLAE BT (]2 3 s AE BT 308 Dynamic, % F
it Bk /KL A BR AR B R BRI 3 S A S ok, H Ak
B 2R 4350 2R 4 000,800,200 Fi/s, iR AR B, 7E
EDEM #1124 0. 05 m/'s (143 J 3 1 1) b 42 T 44 Fh AR,
Fofr 5~ JOURE A MRS A IV i 2 0 0 1Y, e A AE KT Tl
P850 T TS A T BRR A 1 FIURE HE |, O A DR J5URE HE 3K
PR B BB T E 52 A 10 s (&l 6b)
Fe 8 WY UKL HETE R 2 )5 L 328 ] Matlab X 3 B £ &1 4%
HEATAb B I 52 A A

283k KA T ER G , 5 5E U 8 0RE ] i R
P D ET B 0.300 ~ 0. 325, J5URE (] VR 2l 1B 45
K87 B AE 5 0.030 0 ~ 0.032 6, if fi§ Design-
Expert 80 #E47 38 F e i b0 21 Gl 30 503, 3
ol 7 58 A, ) T 458 DR 50 VR 0 R 4% TR Ay a3 R
F AU AT L ) D PE A R A, 8 0 R 5
R A% a3 6 Fin .

6 MERKEEERRD
Tab.6 Coding of factors

SEN
ity - . Fop—— ‘
UL [ R R R R U ] VR B R 4 TR R

1.414 0.3302 0.033 1

1 0.3250 0.0326

0 0.3125 0.0313

-1 0.300 0 0.0300
-1.414 0.294 8 0.029 5

IR Ty R g Rk T iR, A B R R E G b5
{E o Horp {7 BB )48 HE AU 05 FLR 56 i B 47 T
Uty 2 R HE 1 B RS R S 0 B [, 3 P 4 B AR
R PE A 6 bR R SIS TR A 3 56 4 £ 32 A7 I ()
2% 5% A HLIB AT I R] K R W7 ELAR O I R 2
Ivi) S 242 15 1) 5 SR e o A7 i 25 T R, Ay 3
I 188 2 4 S UL A - 2 B /N T 1.0 x 1077 m/s i
TR HE 3 B R IR A, 4R 3 — B ) s B A A 4L 4
FLIT [H]

®7 PHRBRARETSEE

Tab.7 Simulation experiment plan and result

2SS PEAT A
¥ BORLWER OBURIRRZ)  HERAM 15 FLI 8]
FEERINE A FERINBB 0/(°) s
1 -1 -1 25.34 6. 040 02
2 1 -1 26.20 5.270 02
3 -1 1 25.88 6.220 01
4 1 1 26. 83 6. 020 00
5 -1.414 0 24.77 7.57001
6 1.414 0 28. 66 6.010 01
7 0 -1.414 25.46 5.520 02
8 0 1.414 26.20 6.01001
9 0 0 25.79 6.01001
10 0 0 25.97 6.010 01
11 0 0 25.46 6.010 01
12 0 0 25.73 6.01001
13 0 0 26.01 6.01001

FIF Design-Expert 8. 0. 6 % {4 X 1 BLik 56 45
AT T 22 00 B, R Bl 3 B R X Oy i B (P <
0.01) , BEHT i 55 & H A 2. X85 A 2 & 5 m
T A R R E % R, 5 0 G B r B R 5L bR
A3 7 SCH DR 2 4 T £ 1 0

6=25.79 +1.384 +0.26B +0. 0224B +

0.414> —0.034B* +0.0314°B - 0. 924B°

1=6.01-0.554+0.17B +0. 14AB +

0.294> -0.22B* +0.0594°B +0. 314B*
(13)

FI I Design-Expert 8. 0. 6 A4 i) ft b B P, fif

5 L 235 S e 42 00 1K 0 i A5 1Y) ok R S UK HE AR A, X
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TR HEFR A 07 IR0 (1 8b) , Hodh &%k & 7 vk [l
2.3.2 7, A H R 3 WK, M E 45 2R .24, 10°
25.88°.22.39° R ¥ 13 (24.12 = 1.75)°, BU{H
24, 12° 515 15 2 i HE R A X iR 22 0. 67% , 3R

W bR e 0 HA5 2R S a4 R AW &ttt ik
WY 3t 2o b 5 1A 5 3 AT LA 38 47 AR T 5 3 o Y
TOUREL [R] 7 ) PRURE P B B0 X8 I 5% 2R, AR 40 52 2580 Dt )
SE TS SE BRI 2 (] A IR o

(a) HERAIAL (b) HEF A B
& 8 AT 0 o 3
Fig. 8 Measurement device with steel cylinder
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