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Discrete Element Model Construction and Parameter Calibration of
Combined Harvest Oil Sunflower Extract
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Abstract; Aiming to address lack of accurate modeling in discrete element simulation analysis for
cleaning devices in combined oil sunflower harvest, the combined-harvested oil sunflower extracts were
taken as object. A discrete element method was used to categorize and calibrate contact parameters for
various oil sunflower extract models. The randomly selected oil sunflower extracts were classified, its
main components were identified, and the corresponding mass fractions were determined using digital
calipers, a universal testing machine, and a custom test platform measure intrinsic and contact parameters
of each oil sunflower extract. Plackett — Burman, the steepest ascent, and Box — Behnken tests were
proceeded based on each extract’ s physical repose angle. Parameters with significant effects on extract
repose angle were identified and their valid ranges were defined. An optimization module in Design-
Expert software was employed and physical repose angle of each extract was treated as the objective
value. The optimal parameter sets were determined as follows: oil sunflower seed shear modulus was
7.35 x 10" Pa, oil sunflower seed — steel restitution coefficient was 0.295, oil sunflower seed — oil
sunflower seed static friction coefficient was 0. 669, crushed oil sunflower head shear modulus was
1.94 x 107 Pa, crushed oil sunflower head — steel restitution coefficient was 0. 467 , crushed oil sunflower
head — steel static friction coefficient was 0. 436, oil sunflower stalk shear modulus was 7. 39 x 10’ Pa, oil

sunflower stalk — steel static friction coefficient was 0. 553, and oil sunflower stalk — oil sunflower stalk
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static friction coefficient was 0. 775. Simulation stacking tests were conducted on oil sunflower seeds,

crushed oil sunflower heads, stalks, and mixed extracts based on each optimal parameter set. Results

showed that errors between simulated and physical repose angles were 0.66% , 0.96% ,

0.64% and

1.15% , respectively. These findings can serve as a reference for discrete element simulation research of

combined oil sunflower harvest.

Key words; oil sunflower; combine harvest; extraction components; discrete element; parameter

calibration
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Fig. 1 Oil sunflower extracts
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Tab.1 Geometric size and number percentage of

each oil sunflower extract

JREE(ZERT BEE S

it 4 Rk KJE/mm 5 /mm
BHA2)/mm L/ %
o [10,12] [5,7] [3,5] 94.2
HEHR >12 >7 >5 5.8
[30,40]  [20,30]  [15,25] 30.9
(40,507 (30,401  [15,25] 37.6
SRR (50,60] (40,501  [15,25] 25.7
> 60 >50 >25 5.8
[25,35] [10,12] 31.8
o (35,45] [10,12] 33.3
WBEE s 55 [10,12] 28.7
>55 >12 6.2

L HE 25 4 100 g 19 35 25 FF 100 g, fif J§ DHG —
9240A Y Hiy A 3l AT MR A (RS B £ 1°C) X
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BLE HCA 25 3k 2 50 L 4 0 A7 A AR i il o 0 A+ Y
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Tab.2 Aaverage moisture content and density

of each oil sunflower extract

ot 4t FIKFE % B/ (kgom )
THZE AT RL 21. 61 958
TSRS A 36. 54 812
i35 2L FF 42.21 342
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Fig.2 Compression test of oil sunflower extracts

(a) ViSSP (b) IS E

814
v=|—
E
%=§f (1)
_AT
6‘—T1
P
e (2)
_F
77
E
G:2(1+y) (3)
X AR
o, ——— T ZE I3 LA ) o 2
o3 B W b 1

AW——ZE I 1 ) 32 1R J5 A 1) 22 Ak i, mm
W, —— 2B ) 52 R AT mI W) 4R B, mm
AT——yh & B ) 32 Hs Jim i 1] 22 A i, mm
T, —— i 25 5t 0 52 R 1) ) 46 S 2, mm
E—— B, MPa
(o ﬁ%jﬁ@ﬁ ,MPa
F——f% K N
A— 3 fib I AL, mm®
G— 3 PIf & , MPa

TR RIE 3 R,

R3 SHEFRHYAZEHEESH

Tab.3 Mechanical properties of oil sunflower

extract parameters

Jid L AL SRR/ MPa BT E/MPa
T 5P AL 0.36 262.5 96.5
SRR 0.33 106.7 40. 1
T %5 2L AT 0.28 118.5 46.3
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Fig.3 Oil sunflower extract static friction coefficient
test device
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Tab.4 Static friction coefficient of each oil

sunflower extract

22 fih ) et R R/AME Y
A RE 5 3l 2 AT RL 0.49 0.30 0. 395
AR 550 SE A 2 A 0.56 0.36 0. 460
WL 528 25 0. 68 0.24 0. 460
TH S5k RL 5 28 R L 0.76 0. 64 0. 700
THIE KT L 5 Y 2 2R A 0.59 0.51 0. 550
THIZE AT R 5 il 25 2K F 0.61 0.47 0. 540
M35 AT 5 25 2R AT 0.82 0. 66 0. 740
T 3E ATl S s A 0.89 0.83 0. 860
TH S 2R 2R 0. 90 0.82 0. 860
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Fig.4 Oil sunflower extract collision recovery

coefficient measurement schematic
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Tab.5 Collision recovery coefficient of each oil
sunflower extract
2 fih ) e e K AH fe/ME T HME
HAbE 5 3 25 AT RL 0. 64 0.28 0. 460
A L5 7 25 i S5 A 0.54 0.46 0. 500
HAF 55U 28 22 AT 0.52 0. 44 0. 480
THI 5 KT L 5 il 2 AT KL 0.58 0.35 0. 465
TSR RL 5 2R 2 0. 69 0.57 0. 630
T BERFRL 5 I 25 25 AT 0. 54 0. 46 0. 500
W EZEF 5l 25 25 0.49 0.42 0. 455
THI P8 ZEFF 5l PR R 2R A 0.46 0.35 0. 405
THSE R 2E G R A 0. 62 0.53 0.575
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Fig.5 Image processing process of each oil sunflower extract
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Fig.6  Discrete element model of oil sunflower extracts
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Tab.6 Simulation parameters of accumulation angle

of each oil sunflower extract

ZH A fH
MZERFRLIA A 1L X, 0.3~0.5
SRR/ (kgom ™) 958
M RLET VI X,/ Pa 5x107 ~2 x10°
T R RIS Bl 4 R O FR B X 0.28 ~0. 64
T 2 KPR 25 RF R Al 48 S R AL X, 0.35~0.58
T ZERF LI 25 R 2 Al R 0k A R B 0. 62
T 2 KPR 25 25 FF Rl B R L 0. 47
T2 RF L5 B T E 452 TR X 0.30 ~0.49
T BE R R 2 R L 7 E 4 TR X 0.64 ~0.76
T SRR S5 T 2 £ 4 DR AL 0.57
T ZE R S8 2R T B 45 PR A 0.56
TS KRR b 1 3 o 4 TR 0.05
1S AT R SR T S B 4 R g Y 0.05
S R S5 AR S 9 VS B 4 R o 0.02
T2 AT R0 5 2 7 o B 4 R g O 0.02
M BE R ZE AR L X, 0.3~0.5
TSRS R/ (kgom ) 712
T BE 25 Y I i X/ Pa 1x107 ~1 x10°
1 2 W 2 SR il 1 S R B X 0.46 ~0.54
T B 0 28 i 2 AT Al K AT R AR 0.39
T2 W 2 A SR SR SRR R R A X 0.53 ~0.62
Tl 2 W 28 SR b T 5 TR X 0.36 ~0.56
TH 25 T S5 A7 2R R 42 PR AL 0. 86
Tl 2 W 28 S S8 e R L M R R R R X, 0. 82 ~0.90
98 5 25 10 VS 3l B 4 R 4 0.01
95 5 25 5 S ST VA A 4 R o 0.02
T A S 3 2 T 2 U e R 0.03
MZEZEFFHM L X, 0.2~0.4
MEZEFFEE/ (kgem ™) 342
M2 LR BT PR X,/ Pa 1x107 ~1 x10°
1Ml 2 ZEFF—4RbF i 1 S R X 0.44 ~0.52
T 55 ZEFT I 2K A AT R AR R AL X 0.42 ~0.49
il 2 2L FF—4R0bF 0 E 5 R X, 0.24 ~0.68
Tl 28 ZEFF I 25 25 FF W B DR X 0. 66 ~0.82
9 25 R0 b 1 5 o e R 0 0.01
TH 55 5T 5 25 FF R 3l A 4 I g 0 0.01
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Fig.7 Simulated accumulation angle of each oil
sunflower extract
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Tab.7 Plackett — Burman experimental factors and coding
T ZE AR T ZE R 2E 28 22T
2 4 T 2 i iy B2 i iy
-1 1 -1 1 -1 1
X, 0.3 0.5 X; 0.3 0.5 X3 0.2 0.4
X,/Pa 5x107 2 x10* Xg/Pa 1 x107 1x10* X,4/Pa 1 x107 1x10*
X, 0.28 0. 64 . 0. 46 0. 54 X5 0. 44 0.52
X, 0.35 0.58 X 0.53 0.62 X6 0.42 0. 49
X 0.30 0. 49 Xy 0.36 0.56 Xy, 0.24 0. 68
X 0. 64 0.76 X, 0.82 0.90 X 0. 66 0.82
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Tab.8 Plackett — Burman test results
TH ZE AT R THPE R PR LT
A WA/ e/ e/
X, oy owy om, x5 % Xy wg % Xy Xy A X3 %y %ys Ye Ny A
(°) (°) ()
1 1 1 -1 1 1 1 3374 1 1 -1 1 1 1 288 1 1 -1 1 1 1 354l
2 -1 1 1 -1 1 1 3724 -1 1 1 -1 1 1 3176 -1 1 1 -1 1 1 34098
3 1 -1 1 1 -1 1 343 1 -1 1 1 -1 1 2665 1 -1 1 1 -1 1 29.25
4 -1 1 -1 1 1 -1 328 -1 1 -1 1 1 -1 3012 -1 1 -1 1 1 -1 3057
5 -1 -1 1 -1 1 1 325 -1 -1 1 -1 1 1 296 -1 -1 1 -1 1 1 33.56
6 -1 -1 -1 1 -1 1 3375 -1 -1 -1 1 -1 1 2437 -1 -1 -1 1 -1 1 27.0l
7 1 -1 -1 -1 1 -1 3071 1 -1 -1 -1 1 -1 2623 1 -1 -1 -1 1 -1 2691
8 1 1 -1 -1 -1 1 3524 1 1 -1 -1 -1 1 2772 1 1 -1 -1 -1 1 29.64
9 1 1 1 -1 -1 -1 3574 1 1 1 -1 -1 -1 2911 1 1 1 -1 -1 -1 26.96
o -1 1 1 1 -1 -1 3428 -1 1 1 1 -1 -1 2706 -1 1 1 1 -1 -1 2582
1m 1 -1 1 1 1 -1 325 1 -1 1 1 1 -1 2823 1 -1 1 1 1 -1 26.19
2 -1 -1 -1 -1 -1 -1 2964 -1 -1 -1 -1 -1 -1 2287 -1 -1 -1 -1 -1 -1 24.93
%9 Plackett — Burman i S B Z M0
Tab.9 Significance analysis of Plackett — Burman test parameters
TH ZE AT RL TR E T 25 22
b 22 bR Al A DTk ﬁ%f’i b 22 PR Al T Gl 'ﬁ%}’l’i b 22 bR Al e Gilin ﬁ%’"f&
e 2% bE R /% HF e /% HF
X, 0.50  0.74  1.59 5 X 0.15 0.07  0.10 6 X -0.42  0.53  0.36 5
X,/Pa 2,42 17.52 37.80 1 Xg/Pa 276 22.86 32.43 2 X,/Pa 2,59  20.10 13.60 3
X, 1.64  8.04 17.34 3 X, 2.06 12.73 18.06 3 Xy 0.38  0.44  0.30 6
X, 0.24  0.17  0.37 6 X, -0.35 0.38  0.53 50 X, -0.455 0.62  0.42 4
Xs ~0.71 1.51  3.26 4 X, 2.85  24.31 34.49 1 X, 4.00  48.04  32.51 2
X, 1.68  8.47  18.27 2 X, 0.90 2.43  3.45 4 Xy 4.75  67.55 45.72 1
Berpfa]{E (X, B 0.4, X, B 0. 465, X, HL 0. 395, X, L F10 FERHEREEITARRER
0.4,X,,H00.575,X, 5L 0.86,X,, 5L 0.3, X 4 0. 48, Tab.10 Design scheme and results of the steepest
X, B0 0. 455) , i BE OB R 0 )7 5 , O 8 5 45 climbing test
R 10 B o BBoR EE — lﬁ%x X i’ft(*”)ﬁa/ T:/J;%
e e N ¢ 3 Ze/ 70
P2 10 FT 1, i 25 3t 25 FF L L TH 35 T8 25 4 i 3 o o 0% 06 w0 s
FERFRLA T MRS B0 K, U ELE R AR 5 ) P HE AR 2 8.750x107 0.37 0.67 32.82  3.38
FA AR X iR 22 2 SN R Y R i S AR TR WEERFE 3 1.250x10° 0.46 0.70 34.09  7.71
IR 2 R R R 22 5N, 3. 38% ; Jih B WE 2 AL 7E 4 1.625x10° 0.55 0.73 35.92  13.49
B T BRI R 2 B, 3. 55% ¢ i 38 S5 1 iR Ll oo O S
%13 BERRTEE RN, 2.93% . BORSR R, R g o PR
{E%@%%H{Hﬂggfﬁﬁﬁ%ﬁ@lﬁ% 2.7.13 72‘755( 6 1.00 x107 0.46 0.36 23.27 7.07
Sy E K, DL 1.6 .12 S50 5 R AR K S, DU 7 3.25x107 0.48 0.41 25.93  3.55
R 3.8 .14 ZH4 K& K HFT S L2 Box — MFEWIES 8 5.50x107  0.50 0.46 28.28  12.94
Behnken K1 . 9  7.75x107 0.52 0.51 30.49 21.77
= 10 1.00x10° 0.54 0.56 32.68 30.51
2.3.3 Box — Behnken i %5 ‘ - Rz MR, i i
F] A Design-Expert 13.0. 1 47 Box — Behnken LA X,,/Pa X, X (°) %9
SR AN B 4 AT 17 407 RO B R M 1.00x107 0.24 0.66 2505 20.30
B2 A2 11 R R0 ) % 5 2 B 12 - 12 3.25x107 0.35 0.70 28.74  8.56
MEEZEFF 13 5.50x107  0.46 0.74 30.51  2.93
Ro 14 7.75x10" 0.57 0.78 33.54  6.71
Xf Box — Behnken iz 4 45 R 47 £ o Ml A L&, 15  1.00x10° 0.68 0.82 35.62 13.33
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Tab.11 Box — Behnken experimental factors and coding U A% SE B H B HE R A R e (R 153 e K
K] T B o . e >, b ‘ _—
Wl g Lk W B8 A AR I 55 ZE AT HE A e Il H O R 4
X,/Pa X, X, 4
; e
-1 5.000 x 107 0.28 0. 64 jjjjg
333 ™4 0 8.750 x 107 0.37 0.67 R, =32.62 +1.65x, +0.546 3x, +0. 812 5x, —
1 1.250 x 10° 0. 46 0.70 0. 157 5x,x, —0. 03x,x, — 0. 825x,x, —
B %=
TR S 0.776 8x, +0. 453 2x; —0. 184 2 (7)
X,/Pa X, X,
-1 1.00 x 10’ 0. 46 0.36 R, =25.92 +1.70x¢ +0.355x, +0. 701 2x,, —
yih % Rk 7
MEMEE 0 3.25x10 0.48 0.41 0. 825x,x, +0.252 Sx,x,, — 1. 05x,x,, —
1 5.50 x 107 0.50 0.46 s s s
2= 0.031 3x; +0.286 2x, — 0. 366 2x, (8)
JB R D
X4/ Pa Xy Xy R, =30.31 +2.26x,, +0.337 5x,, +0. 36x,, —
-1 . 7 0.35 0.70
A 3.25 %10 0.43x,,x,, +0.09x,,x,, — 1. 38x,,%,, +
%5 ZE 57 0 5.50 x 107 0. 46 0.74
2 2 2
7.75 x 10’ 0.57 0.78 0.767x,, +0. 117x;;, — 0. 978« (9)
#* 12 Box - Behnken i FEE5LER
Tab.12 Box — Behnken experimental design and results
il ZE kR T BE 2 il 28 25 FF
s HefRf/ AEXTIR 22/ HeRRf/ AEXTIR 22/ HERRSf/ MEXTIR 2/
X X3 X6 Xy X9 X1 Xi4 X7 X8
(*) % (°) % (*) %
1 -1 -1 0 30. 42 3.89 -1 -1 0 23.12 7.67 -1 -1 0 28. 44 9.51
2 1 -1 0 33.83 6.89 1 -1 0 28.43 13. 54 1 -1 0 33.35 6. 11
3 -1 1 0 31.07 1.83 -1 1 0 25.57 2.12 -1 1 0 29. 89 4.90
4 1 1 0 33.85 6.95 1 1 0 27.58 10. 14 1 1 0 33.08 5.25
5 -1 0 -1 29.32 7.36 -1 0 -1 23.37 6.67 -1 0 -1 27.24 13.33
6 1 0 -1 32.89 3.92 1 0 -1 26.02 3.91 1 0 -1 32.05 1.97
7 -1 0 1 30. 48 3.70 -1 0 1 24.52 2.08 -1 0 1 27.96 11. 04
8 1 0 1 33.93 7.20 1 0 1 28.18 12. 54 1 0 1 33.13 5.41
9 0 -1 -1 30. 06 5.02 0 -1 -1 23.91 4.51 0 -1 -1 27.42 12.76
10 0 1 -1 33.56 6. 04 0 1 -1 26. 62 6.31 0 1 -1 30.93 1.59
11 0 -1 1 33.86 6.98 0 -1 1 27. 15 8.43 0 -1 1 30. 71 2.29
12 0 1 1 34. 06 7.62 0 1 1 25.68 2.56 0 1 1 28.72 8.62
13 0 0 0 32.53 2.78 0 0 0 25.76 2.88 0 0 0 30.61 2.61
14 0 0 0 32.87 3.85 0 0 0 26.24 4.79 0 0 0 30. 09 4.26
15 0 0 0 32.90 3.95 0 0 0 25.83 3.16 0 0 0 30. 34 3.47
16 0 0 0 32.79 3.60 0 0 0 25.97 3.71 0 0 0 29. 83 5.09
17 0 0 0 31.99 1.07 0 0 0 25.80 3.04 0 0 0 30. 66 2.45

P& 13 0], JH1 25 FFRL | T 25 B 35 Ak R 25 25
FEIIAAEHAD P 4354 0.001 9, <0.000 1 f1 <0.000 1,
25 25 it ] U S R Al d 2 (P < 0.01) 5 2k 41l
435024 0. 101 7..0. 212 2 1 0. 362 5, 4% I 2 /i
Y RAUITE AR B3 (P >0.05) 5 P RE R 53 51k
0.9381.0.988 5 1 0.982 6, JeiE AT 1,3
7N R I 0 B (8]0 Oy FR AU AR B S BT . ACH.
T X X6 il 25 A R HE AR A 2 1 3 (0.01 < P <
0.05) , 38 .30 X Xy Fll Xy X, XoF il 3% T 3% 43 3 B 52
M M i 2 (P < 0.01), 58 BT X, X o X 9 2% 25 FF HE
U2 B3 (P <0.01) il ZERRL il 28 5 25
M ZEZEH AR R 50K 1.79% .0.95%

1. 26% , 327 25 T 55 1B 1 ik oo LA 3 vl SE P R
B RE 439k 11, 61 .26, 79 F121. 15, 15 B 4% 1 2% i
Wi 0K A o

I H] Design-Expert 13. 0. 1 % {4 73 51 2 il il 2%
FERL 250 25 B AT 25 25 FF X R ) 3 S B E A
35 HAE I HE RS e oz T, G 8] 8 UK .

&l 8a AT 1, 2 X, B X, — & W, o N i Bl
X5 X, 32 B A& miE 8b Al i, 2 X, 5 X,
— B, e N H R X s X, B 8 E G |
Pl 8c WAL, X X, — g ), i 0 B & X 38 & 17t
G ABBEE X 3G, B BB AEgE,  X,
— 2 B T O B X SN T B AR R % X B
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% 13 Box — Behnken i3 B R B F =5

Tab.13 Box — Behnken test regression model analysis of variance

g H SRR 2 EEEYiS
JrEKW BT AmBE FIrAl P i KU ¥ HmBE TFI5A P i EKW BT AMBEE FIrA P
A 3.97 9 35.74  0.0019™ |fEE 4.04 9 36.38  <0.000 1 B 6.38 9 57.38 <0.0001 *
X, 21.81 1 21.81  <0.0001* [Xg 23.22 1 23.22 <0.0001* |[X, 40.86 1 40.86  <0.0001**
X, 2.39 1 2.39  0.0324* |X, 1.01 1 1.01  0.0047* X, 0.911 1 0.911  0.0404"
X 5.28 1 5.28  0.0055* |X;, 3.93 1 3.93  <0.0001" ||Xg 1.04 1 1.04  0.0317"
X, X, 0.10 1 0.10 0.6043 [XgX,g 2.72 1 2,72 0.0003* |[X,X;; 0.74 1 0.74 0.058 3
X, X, 0.004 1 0.004  0.9206 | XgX, 0.26 1 0.26 0.0794 ||X,X,; 0.03 1 0.03 0.6505
X, X 2.72 1 2,72 0.0250%  |[XX), 4.37 1 4.37  <0.0001* |[X;;X;5  7.56 1 7.56  0.0002*
X3 2.54 1 2.54  0.0287°% ||X; 0.004 1 0.004  0.8020 |X3, 2.48 1 2.48  0.0044
X3 0. 87 1 0. 87 0.1532  |X; 0.35 1 0.35  0.0485* |X}, 0.06 1 0.06 0.548 1
X3 0.14 1 0.14 0.5357 ||X3, 0.57 1 0.57  0.0185* |[X7 4.03 1 4.03  0.0012*
T 0.34 7 2.36 B % 0. 06 7 0.42 B2 0.15 7 1.01
4T 0.60 3 1.78 0.1017 |43 0.09 3 0.27 0.2122  ||Z&3E 0.17 3 0.52 0.3625
PRI 0.14 4 0.58 PR 0.04 4 0.15 PR 0.12 4 0.49
S 16 38.10 eyl 16 36.81 Pyl 16 58.39

s FOR ML (P <0.01) 5+ XML E (0.01<P <0.05),

HEFUA/()

HERRA/C)

Ly 6, 569 : Ofijgiq 03;» @%ﬁ
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Fig. 8 Interactive response surfaces of each oil sunflower extract



328 & ok L

Wi 17 AL T 42 i 28 O T B

Hi & 8d AT AL, 25 Xg— 2 hF, Wi B EL Rl X, 5
3G, AR X 38, i 107 {6 b T 34 2% i 22
TR 4 X W R E R X8 T
S AR BERE X, 380, wi B e b R AR 2% 5 i ] e
AR, Y X B X — s N N R X, B X S
L LIRS h A 8 TR, 2 X, — 5 I, Wi R A B
X, S & LIS (A X34, w v (e
HBHAE N T RERES . X, —E W, A R A
X MmE Bk B EEE X, 3800, w v (e Lo
WB WL T S

HITET 8 RIAL, 24 X, — E I, W DL fEL B X, 3
it B AR X300, v R T 3R
WAL TS X, —E N, RN E R X, 1
W B S & 8h w2 X, — R I, W
EREHE X Jgn 2 ETHE TREREHE . 4 X, —E
I o R {E BE AT X, 390 2 B T 1A 81l
X, — W W R R X 5L TR R
XM LR TR AR O T R
Xy — &M, W R BER X, 3 T % (HEEE
X B w17 b A A T R

3 H#HRAMTERESRIE
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Tab.14 Verification results of stacking angle of

each oil sunflower extract

— i EMR S, YR/ AR 22/
*) (*) %

Mil B3 ae s 31.86 31.65 0. 66

T ZE R 25.28 25. 04 0.96

i35 2L FF 31.23 31.43 0. 64

g £ 4 TR R 32.54 32.17 1.15
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4 it

(1) LAy 5 36 5 WS AR 303 00 18 40 (ol 25 67 R L il 2%
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