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Calibration and Experiment of Discrete Element Parameters of
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Abstract: Aiming at the lack of intrinsic parameters problem of Panax notoginseng stem, contact
parameters between Panax notoginseng stem and operating equipment, when using the discrete element
method for simulation analysis of key working processes, such as Panax notoginseng combined harvesting
and stem killing. Panax notoginseng stem was taken as the object, the discrete element Hertz — Mindlin/
Hertz — Mindlin with bonding of Panax notoginseng stem was established by software EDEM. The
parameters of discrete element were calibrated by stacking angle experiment and virtual simulation test,
and the seedling killing device model of Panax notoginseng stem was established. The intrinsic
parameters of stem of were determined by mechanical properties tests. The pile angle of Panax
notoginseng stem was tested by cylinder lifting method, the cylinder lifting method was used to test the
stacking angle of Panax notoginseng stem, the stacking angle of Panax notoginseng stem in the physical
experiment was 44. 53° by performing contour fitting on the stacking angle image with Origin software.
The Placktt — Burman experiment, steepest climb test and the Central — Composite experiment were used
to determine the contact parameters of Panax notoginseng stem and the operating equipment, and the

reliability of the model was verified by the stacking angle test, and the shear test. The results showed that
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the optimal values of collision recovery coefficient, static friction coefficient and rolling friction coefficient
between Panax notoginseng stem and operation equipment were 0.319, 0.25 and 0. 029, respectively.
The optimal values of collision recovery coefficient, static friction coefficient, and rolling friction
coefficient were 0.4, 0.29 and 0. 032, respectively. The normal stiffness K, of the Hertz — Mindlin with
bonding model was 3. 26 x 10° N/m’ , the tangential stiffness K was 2. 17 x 10° N/m", the normal critical
stress o was 2. 27 MPa, the tangential critical stress y was 9. 65 MPa, and the bonding radius R, was
0.1 mm. The relative error in the accumulation angle verification test was 0.29% ; the relative error in
the shear verification test was 1. 52% , and the error was small. The discrete element model of Panax
notoginseng stem was basically consistent with the actual situation, and the model of Panax notoginseng

stem and the calibration of discrete element simulation parameters were reliable, which can provide a
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reference for the research of discrete element simulation of Panax notoginseng stem.

Key words: Panax notoginseng stem; discrete element method; parameter calibration
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Fig. 1 Panax notoginseng stem structure
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Fig.5 Stem dynamic friction factor tests of Panax notoginseng
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Fig.7 Panax notoginseng stem stacking angles test device
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Fig.8 Panax notoginseng stem stacking angles test
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Bo— g, EH T 4 8% a A X IR 22 b, R
0.43% , M B 7T HIXB S B NF KT, H 6
4150 8 AL IR0 S BOh SRR ST, HEB A Ay e 1o
#47 Central — Composite i3 , FHRE M. —L=E
[0 0 B2 458 TR 8015 VR R 48 TR B30 IBUAL X ) 4 03] 2
0.25 ~0.29.0.030 ~0. 034,

x4 BRRERKRAEARSER

Tab.4 Test scheme and results of the steepest climb

Fr s g HEFRA ap,/(°) HIXFIRZE Y,/ %
1 0.15 0. 020 47.90 7.57
2 0.17 0.022 46.29 3.95
3 0.19 0. 024 46. 04 3.39
4 0.21 0.026 45.76 2.76
5 0.23 0.028 43.43 2.47
6 0.25 0.030 43. 60 2.09
7 0.27 0.032 44.34 0.43
8 0.29 0.034 45.21 1.53
9 0. 31 0. 036 46. 84 5.19
10 0.33 0.038 47.32 6.27
11 0.35 0. 040 49.37 10. 87

2.2.2 Central — Composite iz 5

HRAE Plackett — Burman 3 55 1 5 BE € 3% 12 5
PRI R a0 wa0g Mo = ZEFT ) 19 1 2 452 DX B5ORTR 3y
JEEAEE N BN = L R AT AR AR e . AW
Design-Expert 11 %X f}: 1 Central — Composite & & i
Ay i AR, AR xR IESHAH G, A
YR T A 2 4 B BE I B i 56 i 8, 56
FHREmABMES o, B Ir RS54/ WK 6
B 7 o

FR A2 6, % 48 SR A AT R W1 H 43 B, @7
LA o 5 S L AR RN X R 3
JEE 452 DR B8 X 14 Il A 465 A5

#& 5 Central — Composite i I [F &= %4 75

Tab.5 Central — Composite test factors and coding

2 1 HE
T 4 DY K e TR ) B 4 AL g
-1.414 0.242 0.029 2
-1 0. 250 0.0300
0 0.270 0.0320
1 0. 290 0.0340
1.414 0.298 0.034 8

#*& 6 Central — Composite iXIE T RS54 R

Tab.6 Test scheme and results of Central — Composite

e X; Xe B a3/ (%) MFTIRE Y/ %
1 -1 -1 46. 65 4.76
2 1 -1 44.82 0.65
3 -1 1 45.90 3.08
4 1 1 44.90 0.83
5 -1.414 0 47.92 7.61
6 1. 414 0 44.56 0. 07
7 0 -1.414 46. 16 3.66
8 0 1.414 42.78 3.96
9 0 0 42.27 5.08
10 0 0 42. 89 3.68
11 0 0 41. 69 6.38
12 0 0 42.42 4.74
13 0 0 42.71 4.09

a, =42.40 -0.94X, - 0. 681X, +

0.208X,X, +1.98X; +1.09X; (9)

X} Central — Composite & 4 %5 5 F] ] Design-
Expert #EEAT 7 22 00 Fr , 85 R R 7 Firos o Wl
HERRS R A BRSPS 0.000 8, K AU P oy
0.101 7 FERIYesE R RN 0.924 5, [ I 45 780 A3t
FOVRAMIUN W RE BB 1, R
WA 7 RS B o 78 7 AR B R iR B KU 1
AR 8 S R BN R B 0 B T R A
AR S R ECK 1. 6% , 2 WA YO 90 1Y W SE PR o
0 85 R R ) LI P , 12 S ARG Aty B2 Sy 10. 980 2,

% 7 Central — Composite i{ 1§ 77 £ 5t

Tab.7 Test analysis of variance of Central — Composite

b3 Form HMEEE ¥ 75 F P
LT 43.11 5 8.62 17.14  0.000 8 **
X 7.19 1 7.19 14.28  0.006 9 **
X 3.71 1 3.71 7.38  0.0299°
X5 X, 0.1722 1 0.1722  0.3424 0.5768
X3 27.14 1 27.14  53.95  0.0002*
X; 8.27 1 8.27 16.44  0.004 8 **
Fh 3.52 7 0.503

R AL 2.66 3 0.8878  4.14 0.1017
PR 0.857 5 4 0.2144

S 46. 63 12
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Fig. 11 Response surface of stacking angle of Panax

notoginseng stem

M P& Central — Composite i 56 45 5 5 [0] 5 J5 72,
DL S0 I 13 0 MEAR f AR X R 22 Y de/h oy B AR, 6
R X, X AT A o, B8 H bR B BCS 29 R 5%
(G
minY (X, ,X,)
[ -1.414<X,<1.414 (10)
'{-LM4<&<L4M
3 3 = AT 8] i R 45 KO 0. 29, 7R g B 4
K 0.032, Lo e i 2 502l & A7 = L 22 4TF
F2 fih Z R AR5, Hofh 2 %805 Central — Composite
I PR — 2

3 RWWIES IR EIRIT

3.1 #HERAIXWIEIE

B = ZEAT 9 AR B A A B 7 ik A 2 )
HERUS /£ EDEM 8P b 47 =L 25 FFHEBUM 07
BRI, W) RS HOR T g 2 R P a0 D00 7 1 {1, 4 fih
SRR M 4 & AT B E . R BB #7545
FUSERUA 05 HAUE, 2 OO e HOF 18 . R B
T R (R 5 07 56 R 2 A 3 B, 6 o T
12 7R o 45 309 B e AR A F- 2 (6 44. 62°, 4
FOAR 50 e B T 3 {H O 44.49°, MR IR 2 R
0.29%

K12 =L 2R A IR
Fig. 12 Experiment of stacking angle of Panax

notoginseng stem
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Fig. 13 Experiment of shear of Panax notoginseng stem
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Fig. 14  Structure of seedling killing device stem

gl 2.0k 3.8higde 4 mOkF 5. WOk
6. 5E M B

T3 4 A R A L HE B /4 O 2K, LSHT # i J)
TIH KA 30°, i J] 2 ZE AT 7 AR B TR LA A2 I
DX, 38 25 FF B 2. T0 A A2 R R B 5 S
K 1S B

BRI R i ARTE X 3

F1S AR OIEI ] s s kg O
Fig. 15 Staggered arrangement of reciprocating
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