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1.1 Z#AR~T RS HmE

NHER RS ZEN R = 4R, DA s R
B T L Vb A0S FE R ZEAE X R K3k 567 B
FE, BENLIEHL 500 F7, FIF 111N-101-40 BIZ5F 5 808
RO 0.01 mm) 2B 3 #iR~F KK a.
BORTERE by KSR U0, Ml LE RECFHME (R D .

HHE 1 a5, BRI KK oy B by
BREFE ¢ BPME S 318 13364 6.94, 4.63 mm, AnifE
ZE53 518 0435, 0.420. 0.405, JHZEFFRLE KT .
1.2 BKESEE

I3 38 % F i BSA224S MU i BT i R P (e
/NZIFE 0.1 mg) XTBEALERUL 100 K 2 AT Rk &
HE S WHCFME, HEIMZERL A RTE N 9.547 g,
K EE IR 100 RLimZEATRIAIARL, EE S
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WEHCEME R 11.24 em®. 0BRSSk 567 2%

KR FE N 849.4 kg/m®.

R FEKRK 567 MEIFRL =4 R~F

Table 1 Three-axis dimensions of dwarf big head 567 oil sunflower seeds

=4 — MR Fis KA WML e erngomm | PRIENRE
Three-dimensional size General size/mm Percent/% Maximum/mm Minimun/mm € Standard deviation
£ Length 12.72~14.05 89.37 14.68 11.77 13.36 0.435
i Width 6.15~7.59 93.11 8.13 4.89 6.94 0.420
J£ Thickness 3.71~5.33 95.87 5.77 3.17 4.63 0.405

FIF] BOD-75- 11 B B A I8 1840 (5P g 28 DL AW
RERATED Xt L& 100 kil ZArRidtir T, BasE
FRERATEREZRE, HEARX (D H5ESHmE
R85 7K %8 10.13%

M, =" x100% )

X M, TG IKER, Y%; m, NYIR BT K FI B
g m NYIRH TS TR R, g.
1.3 A%

VAR LU A2 i A R B 1) 32 7 8052 FR N, 8 1) O B AR
Sy IE A LB 2 b, TREREE AR T R B ek
R AR RSIAE: R

MR ARE S T BEA LR ER 10 RO ZERFRL, 0 i 7 3
HY-0580 27 ReA BHz & J 7B AL i 24 R 5 FE 7 [v)
WEHNE S CINEGEE 0.1 mm/s) ZEMZEFRLR AR
FH 3 REAT AL 73RBS U SRR 7 1) CRlta))
1E MR AR T B, ) 24050 D B R RO S i B 7 1)
(B ENARAREN, A (2) HEmIe kL
TEARA LG . ARHBETE 10 ORI 45 R AN 0.413,
e _w-m
e L-L
K v IR o ISR EE 7 I AR T &, mm;
e RHZERFRL R B 7 [ FAS TR 18, mms W, AN T v 2%
FERLBERE, mms W, NS 28R R %6 B, mm;
L NI R B RPRI R B, mm; L, A INES 2k R
FIEREE, mm.

1.4 BHERESTYIES

PR R SR AT AR I MR TR B 70 /N Ik
o BRI, B AR A Lt BR A AR R R R A LI T
10 Rl ZEAFRZ ISR R (L), B AR CE TR
HY-0580 5 REARIRLE JRIEH LI BT & L, A EA
5 mm Rk, BA S mm/min 0485 5 X SR PRt
W, FEEUD (FD) A (AL B, 5 10 RLlZers
P EE PR, BHAK (3 ~A (5 T H#M:
Wi TN 304.69 MPa, BYYIfE-FH4{E°A 107.82 MPa.

E:[PJ/Q (3
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&=lim (EJ (4>
L,—0 Ll
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o E NFRIERT R, MPa; F ORISR RLSZ B ) 4l 70 25 i
N; A NEARER, mm®, FEFEELKERSE S mm, Sk
MR AN 0.193 mm®; ¢ ANAE; AL Nl
ZIEJEMAR LR, mm; G NESUIME, MPa; v NiliZ%
FRLIARALE .
1.5 ETF=4HRERHME TR EHITEERE L
HZEFFRLI AT R AR, o A% ke A
B I JR L BCSIRRAE o D HERA ST BRI = 4R, $7
T BRI B S, AR SRR B8 R Y B P YA
MWZERRL (I 1a) AR S, R =4EEEOR,
JEit GD-3DScan VU H =4eH % G EREE 0.001~
0.05 mm, PRI SECA 2 620 000, 3584 0.15~
0.3 mm) FHRGIMERFRIINECER, KRR Sk R v 3%
= 4er bR, ERE IR (wE b)), Rk
P55 tH 2] Geomagic Studio F A H T & PR AL AT 21
MR, R SR 3N GOM Inspect
A, STORBE. M AT B A HAS )3 R R — A
R 1c) U829, o 2k b = 4Ef AL S N EDEM2020
AR, v B E R P E IR E N S, NIk
2B N 0.3, 38 ] EDEM2020 #E ) 8 Sh3E 78 771345 51
B 67 ANASEEAR 0N 4 1 ) il SRR S HOC R E Can
Hi1d) .

a. JHZENHL b. s c. YRR d. BHoTHAY
a. Oil sunflower b. Point cloud c. 3D model d. Discrete
seeds data element model

B 1 Rk B AU M it Az
Fig.1 Construction process of oil sunflower seed discrete
element model

2 EMSEHNE

2.1 BREERHE
.11 RS B AR R 63 R A 4

i JEE 5 2R AR P R I 52 B K BE 8 5 IE R
FILAE, AT DR Gy 3 T8 P Rk 5 2 i [ A 3 T 1) B 4 4k
FRPY, H T I S R S YR 4 1) T M BN . B
BLBR I, SO 7R AHIE N 2l SRR SR .
WLB B 2 [F) R R4 2R 8, H69020101 29 %5 5 A £y



38 My TFESHR (http://www.tcsae.org)

2021 4

MEAC CEEEN 0.05°) &5 F2 R iR A, o
Bl 2 Fis. WZEFRLE THUAEL, ARG, 5
BR . A7 IbImZEFFRIRI TR, SRS 0ot ) 7 PR AR R
W5, 4Rl R E T 10 K
JEVE RO AT . IS TR I AR . AL 4 B
TACEALE, AR, R, AP
— M8 ¥ 5, HRMIEHIITRETH R N sh. A
e TG S LA T SN R TT 4R M B I AN AR . B LI
R EE, FFR 10 IREE R ERHA T E o « %18
A (6) ZlR MBS S A LI R 4
R, SRR 2 P,

U= tana (6)

THZEFRIOIL sunflower seeds
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Digital dipmeter

FEEDRL
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Fig.2 The measurement process of the static friction angle
between oil sunflower seeds and the contact material
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Table 2 Calculation results of static friction coefficient

Pl A A B i BE 5 R4 Coefficient
Material Slope angle/(°) of static friction
THZE-ENAR
Oil sunflower-Steel plate 2295 0423
H3E LI 2770 0.525

Oil sunflower- Perspex

2.1.2 hIRATRE BB A

T ZERT R T A KU B T, ) R i R b A AR AR
ME5E I ZERFRLI] R RIS
FESCHR[10, 14777325, 5RI6 1 00T S vk SR PR kG 7E
FEUAPEFRIGHR b, RSB R AT BRI 25 RSN 5T
Hefi B . RSO, B SR E T /Kl E 1R 36 i
b, AT, ARIGR S e RS, il
ST ZEKERLTT 6 9 AR 36 AR ) T T Bl B R 56 AR 1 4R A
o SRAF 10 Y0 E 5 BRI 1 SR ) i B 4 R AP I E
0.569.
2.2 R

B D) BT HE R 1 I AR R AR AE 2 PP S 2R e
FPIRA, AR R AE B RIS . TSR B
PEUOL SR YRS MR USRS RPEEIATIY
HEILREIRI O, A AN AR R SR T A
e iRhE. BIFRAESEWRANE %, 2P0R%
XPLG, R EFI A E S5 A AT RIG T, I SRR L
VEPERE BT HAREESE, WA SOR FH B 42 TH2dk 47 i
TR BRI E R 3 R

IRIGHT, FIFH EAR 4~6 mm BIFRUETRR AN h 2%

PR B8 B TR TR (0 Tk SRR 0 4 HE SR T AR G 202,
TEG I, R AN R f N SE 7R i R R, R T REAA
BHRLE SIS AL~ B KRR . @i SR A R 4T
AT PSS, S5 R RIETHER N 1m/s I, KT
LB 2Y Gk B AR e RAS, MR LA 1 m/s (RS
HIRTHAE, 0.25 s JafF1b3ET, R mEarhig b B
THZEFFRLE AR E I, ) SR AR ML L HE A0 7 T 2R 4T
FEHEAK. N N TNERZE, FIH MATLAB XHA3
BB HER A BB EAT A B BRI N et
SR UG PGB AT I EE AL R, 3 5 & 3 1) A AT —E A A
B, A bwperim BREON ZAHEUR AT R ERSEEL . T
bwperim PRELHE AN ERI , 224 BT X 35 4 8 LR i
BBl 11T P B B R B R, #( F imfill B8 250K P 632
SRR ZIK AR B, BRI ERET . Kiagit
JEF# A Origin 1, FI|H EGE 7 T HAIG A Z AR AL
AR AR FE AT MG, B RSG5 B R 2
WM, R ZEFF R MRG0 MR . R RE
I FEE 4 R, B ERRBES 10 &k (FERL
£ 3), RIFIE SRS RLAY) B HE R S 1) R A
6N 48.858°.
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MRHLE Rl 6.3+ 5L

1.Stainless steel cylinder 2.0il sunflower seed 3.Stainless steel round table
4.Camera 5.HY-0580 universal material tensile and compression testing
machine 6.Computer
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Fig.3 Physical stacking test of oil sunflower seeds
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b. Binarized image contour extraction
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c. Edge contour
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Fig.4 Edge contour extraction process of stacking angle
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Table 3 Measurement result of oil sunflower seed stacking angle

R F 5
Test No.

2 3 4 5 6 7 8 9 10

HEFRA
WA
Measurement 51 548 41 773 47.453 53.146 52.855 51.604 43.763 51.489 46.09 48.859
value of
stacking
angle 6/(°)

2.3 ETF Plackett-Burman i3 Ay B¢ BEMCIK X 186

Plackett-Burman 13638 LS A F 2 /KPR ERS
AR 2 S R e S IR T2, DU ik HA e i Jo
B 50 2 3 KR ¥ . ASCR A Design-Expert V8.0.6 ]
Plackett-Burman A5, DAMZEFFRIHERA A N BAE, ik
R SR REHERR A A S5 3 T DR T, 0 X~ X R,
WE 2 MEUSEL 2Rl X X, Fon. BNSHERE
D K GO K, giGCmkle, 12, 14, 15, 19,
29-311HARHE A SO 5 15 B UL 2 & S5 HUE TS
Fl, 45RUNR 4 s, WHE 3 A0, 3515 Hike, &
HREE S 3 CRFI9{E. Plackett-Burman 1R56 75 R ANLE
RUnER 5, WL KT 20k 6.

% 4 Plackett-Burman itI& S5 3%
Table 4 Parameters of Plackett-Burman test
s S 7KF Levels

Symbol Parameters -1 +1
X HEASIEE NG 0.3 0.5
X SRR 1 /(kg-m™) 650 1050
X3 THZE BT R /Pa 1E+07 3.1E+08
Xy TMZE-IM B E REL 0.25 0.75
Xs TZE— I R R R AL 0.369 0.769
Xs THBE-JH R B B R AL 0.03 0.2
X TR R REL 0.1 0.6
Xg TH SRR R R A 0.223 0.623
Xo TSR R BN R R AL 0.05 0.2

Xiov Xi EEDE A — —

M 6 WA, %A P<0.05. hiE R R*=0.96,
R Z AR B2, H AR M T % 2 5
Bo Xiv Xov Xov X X Xov Xo XTHERUM S/,
TUHRZE I /N T 5%; X X HERRA I DT R 2208 3] 19.88%.
Xo ST HER A (0 DTk R 505 65.66%, M X A X Ko HEFH
F T AR K . @I LS S5 F RN, 1593
F SHOTHERU 2 (1) E TN Xen X5+ Xiv Xan Xon
X~ Xov Xgo W0ZE U HEF A DT R 28 35 FH 52 1A 2 3 25
1) Xs Fl Xg, 7E S5 21 1 NI X 56 5 vy 1 ThD 3-8 46 o 3
T3, X Xov Xoy Xl UERIG S M, H
RSBHCRRE 4 PEUE IR X5 A X AR ALK
NAEII KT 0, W HER A R IE RN, 1E 5 48
PITEI RS, 5 T KO8 (1) R 2R DA e 20 KgAK .
DL 3R S EORREG R 7, 347 B BT R 56 I h
K () TR ERBECH ARG A p 5 2.2 T ELRLK
WA O FIREAR 2 Y, B BENEH R0 Bt S 25 Sk 7
Fim o

Y

:LE%;flx1ooea %)
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Table 5 Design and results of Plackett-Burman test scheme
Plackett-Burman XI5

T
No. M1 %2 X3 Xa X5 Xe X7 Xy Xo Xi0 X1 Placke':tt—Burman test
stacking angle #7/(°)
1 1 1 -1 1 1 1 --1-1 1 -1 53.148
2 11 1 -1 11 1- -1 -1 1 54.831
3 1 -1 1 1 -1 111 -1 -1 -1 51.695
4 -1 1-111-11 11 -1 -1 50.971
5 -1 -11 -1 11 -11 1 1 -1 54.988
6 -1 -1-11-111-11 1 1 51.608
7 1 -1-1-11-111°+-111 49.595
8 1 1 -1-1-11-111 -1 1 51.346
9 1 11 -1-1-11=-111 -1 48.914
00 -1 1 1 1 -1-1-11-1 11 49.290
11 1 -1 1 1 1 -1--11 -1 1 49.181
2 -1 -1 -1 - -1 -1 -1 - -1 -1 -1 47.869
3 000 O0O0O0OO0O0OO0OO0 O 50.010
4 00 0 0 0O O O0OO0OO O O 50.306
5 000 O0O0OOTOOGOTOO 50411

A X1~ X11 A X~ X1 I7KFE, T
Note: xi- x;; are the levels of X;-Xi;, the same below.
%< 6 Plackett-Burman iR I S B E £ 57
Table 6 Analysis of significance of parameters in
Plackett-Burman test

sy WELEE VAR GWE L
Parameters Standardization Sum of Contribution Fvalues P values
effects squares rate/%

7 Model — 57.88 — 13.34  0.005 4%+
X -0.95 2.69 4.36 5.57 0.064 7
X2 0.59 1.06 1.76 2.19 0.198 6
X3 0.73 1.59 2.63 3.29 0.1295
X4 -0.27 0.23 0.38 0.47 0.5233
Xs 2.00 11.98 19.88 24.85 0.004 2**
X6 3.63 39.59 65.66 82.09  0.000 3**
X7 0.30 0.27 0.44 0.55 0.489 8
X3 0.39 0.45 0.75 0.94 03765
X9 0.097 0.028 0.046 0.058 0.8191

TE: SRR (P<0.0D) , *3ORMEE (0.01<P<0.05) , R*=0.96,
7=50.94-0.47x,+0.30x,+0.36x3-0.14x4+1.00x5+1.82x61+0.15x7+0.19x5+0.048x0 .
Note: ** indicates extremel;/ significant impact (P<0.01),* indicates significant
impact(0.01<P<0.05),  R™=0.960,  7=50.94-0.47x,+0.30x,+0.36x3—0.14xs+
1.00x5+1.82x6+0.15x7+0.19x5+0.048xo.

7 /5, BEE Xsv Xe MIBER, HeBENCHIRIEHE
B p 5P BRIGHERN A 0 IR AR 22 S 208/ 5 1 K
fady, HAARE 2 SHFHHEER/DN . SOk 2
SRR, AR 1 25, R5 3 2505 K
7 SN = G S Ci R B s AL AT RS /7. o1 B e va ]
i JEE 5 20005 ) R AR B X 18] 43 )4 0.369~0.569
0.03~0.115.

*7 BEREEREAFESER
Table 7 Test design scheme and results of path of steepest
ascent method

N1 I BENEIRIG HEAR HAR R 2
lﬁ}ug 5] X X .
Test No 5 6 Path of steepest ascent Relative errors
’ method stacking angle /°) Y%

1 0.369  0.0300 46.685 4.448

2 0.469 0.0725 47.605 2.566

3 0.569  0.1150 50.568 3.500

4 0.669 0.1575 51.392 5.186

5 0.769  0.2000 53.266 9.022
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L E SRR X 11 A AT R AR,
Horp 3 oy KPE G, IRFTIH SRR B EE i R
H(X5) 5 B BE 5 Z50(Xe) R e 7 ] A X6 PRI HE AR £ (o) 1)

MR . HERERmIES ORI R 8 s,
*x8 HLEARBRAERLER
Table 8 Center compound test design and results
RIS s N HEAR AR 22
Test No. Stacking angle ¢/(°) Relative error Y/%
1 -1 -1 47.725 2.3190
2 1 -1 50.419 3.1950
3 -1 1 49913 2.1593
4 1 1 50.996 43759
5 -0.5 0 49.206 0.712 3
6 0.5 1 50.495 3.3505
7 0 -0.5 50.608 3.5818
8 0 0.5 50.981 43452
9 0 0 51.032 4.449 6
10 0 0 50.635 3.637 1
11 0 0 49.954 22432

TR 8 FIEHRIEAT eI E, ST HER A ()
5 AR 1A] 5 BE 5 AR R (G) PN B JEE 5 R (X)) 1R A A
M, sl (8) Fis.

¢=150.47 + 0.98 x5t 0.66 x5— 0.40 x5 x4
-2.25 x52+1.53 xé (8)

HH 7 ZE W25 SR 3R 9 WA, ZRIAEAY P=0.007 6, &
I P=0.926 5, 1hE RZE R*=0.925 5, [AARARIY 53,
RPITUN R, voe /23R 1, R\ ZEATRUEE
BUf. AR R (CV) B RIS B 1 v FE PR,
AR R RE (CV) U 0.76%, R IR SE R
AT EEME R . A Design-Expert 2AFEAT Fh 0 AR5
i, FEHRERT 4 BB BAT R O T D, i
HIRERA N 12.363, 2R B IZAR Y ] DA U b 00 e 2K Fir
FIMERS . BHR 9 TTAN, Xs XPHIZEATRIMERR f S Al e 3
Xo T X2 X ZAFRIHER A SR B3, M B ik
FANOHEFEN: Xov Xew X2 o WRIEHT X5v Xo SiEIRZ
A IR AR ML R, HARZ HAE X bR AN 2
=, HER A B e S BR .

#9 MmMEESHREE TR FES R
Table 9 Analysis of variance in regression model of response
surface optimization test

N ST R 3 07
Sum of Degree of Mean
Source F values P values
squares freedom  square
% Model 8.96 5 1.79 1242 0.007 6**
Xs 4.34 1 4.34 30.13 0.002 7**
X6 1.94 1 1.94 13.43 0.014 5*
Xs X 0.65 1 0.65 4.50 0.087 4
xsz 1.23 1 1.23 8.50 0.033 2%
x; 0.57 1 0.57 3.95 0.103 6
¥4 Residual 0.72 5 0.14 — —
KA Lack of it 0.13 3 0.042 0.14 0.926 5
ali{% % Pure error  0.59 2 0.30 — 0.376 5

TE: AR R CV=0.76%, R’=0.9255, F&HiEN 12363,
Note: Variable coefficient CV=0.76%, R2:0.925, precision is 12.363.

B 5 TR A e AL &

Fig.5 Response surface of oil sunflower seed stacking angle
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iz ] Design-Expert V8.0.6 [) Optimization-Numerical
et Diae, LA SRR B HER RS P S I HEARR f1 9 B
FRigEAT 0, 1530 25 HARAAE . SO g AT 07 ke,
B0 I 25 R 5 Y RIS 45 BT b, S
YR HERRIG RN A KN TR AR — AL
R AR ] 5 BE 1 RN 0.41 MBI EEEE 34K 0.05. F%
ZAMRAAR 5 HESP IR, RHE-TFIHERFEEZS
BHE N HERR AN 48.976°, 5B HERA B I0A5 3 (1) HEAR
RN 0.24%. 17 F5 S5 ERLS 6] L& 6 Fros,
SRR, ERNEMITESET, RO HiRRs R
SR sAie i R R E 2R, W R A IR
SMEMUE R, RPUARLN ASHRBER.

¢ ‘?‘x%( -
% ‘E\}««‘CA\%&

a. PERL b. i
a. Physical test b. Simulation test

A6 #m@ikdh ikttt
Fig.6 Comparison of physical test and simulation test

3.2 EREARSHRBNILIEIX I

LR AR SRS 3 BLJT ) b SR MK 7 L R
BN J5 S n] (RO AL T B A R, B[R] S
R} 18] A R 2 (KA /g SRALTSEBn A i AR (45
UNPRENIHLEHU . FRAPHLIREE ) 7 A I ROk 3 10 5
. BEIE, 7£ EDEM R Ogl 3k PRSRLRURE S SR
ASHE TR E HIMZERFRLAGME S B S e 24, 2T R
PR R B AN A AR s (IESZAZH . 190~
250 V) NUZEFFRLRE I AF IR, JOE B AT AR
HZHHERTE S &, RREmE 7 Fron, 5%
I, ESEAERE A IR R, FTOT SR AR
JERIEERIERIT o0, FFIT R ol SR} P Sk
HHE s HEAT B REHE G R R P AR R B AR
N 50 Hz [ 57 A 1E SEAOIE IR AT ZCFJ7 18] 15 5% 15
B, LI R SRR ISR 77, X BEF PR o
THZERPRLAE RFER IR 0 AE R [aRE S B DT [ 8, it
NIETEHUEF IR IEPIE 7 R 83 . f5 il AR

W



12

ARG PR BT S Hbr € 5 R R IE 41

HURL OB A HEE 5, THE 1 min P8 NEERHEE P O Il 5T
K, HirEmERE, BN TERERES 5 KKK
RILFIME

LG AIR 2 24 B IR 2 Rk bt i dgdie 77, gkt
PRI R B PR, RS AT 43 AR 50 Hz
7K P ] 41 30 FH 2 ELPR3), 7] 7E EDEM [J“ Add motion”
1 T A Oy R SR BB R I “ Add sinusoidal rotation
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Calibration and experimental verification of discrete element parameters
of oil sunflower seeds
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(1. College of Mechanical and Electrical Engineering, Hebei Agricultural University, Baoding 071000, China; 2. Zhangjiakou Rural
Revitalization Promotion Center, Zhangjiakou 075000, China)

Abstract: Discrete element method (DEM) is widely used to simulate the key work process of oil sunflower seeding and
harvesting. However, feature parameters of oil sunflower seeds are still lacking, particularly on the contact parameters between
seeds and mechanized planting/harvesting equipment. Taking the oil sunflower seeds as the research object, this research aims
to establish a discrete element model using a 3D scanning reverse simulation in the EDEM software, and then to calibrate the
specific parameters of oil sunflower seeds. The average length, width, and thickness of 567DW oil sunflower seeds were 13.36,
6.94, and 4.63 mm, respectively, in an absolute digital caliper. The weight of 100 567DW oil sunflower seeds was measured at
9.547 g using an electronic analytical balance. The density of 567DW oil sunflower seeds was 849.4 kg/m’, and the water
content was 10.13% in a BOD-75-1I electric thermostatic drier and pycnometer. Poisson's ratio, elastic modulus, and shear
modulus of oil sunflower seeds were 0.413, 304.69, and 107.82 MPa, respectively. A universal tensile testing machine was also
used. The static friction coefficients between oil sunflower seeds and steel plate/plexiglass were 0.423 and 0.525 on the
inclined plane, respectively. A physical stacking test was performed on a cylinder lifting for the oil sunflower seeds. MATLAB
platform was selected to carry out a gray-scale and binarization processing on the image of stacking angle. Bwperim and imfill
functions were selected to extract the outline of binary image, and then perform the holes filling and expansion on the inner
edge, finally to obtain the edge contour. The edge contour was imported into the Origin software, where the converted
coordinate data was obtained for the linear fitting slope, thereby obtaining a stacking angle of 48.858°. Taking the stacking
angle as the evaluation index, the Plackett-Burman test was used to screen out the factors with a significant impact on the
stacking angle and the static and dynamic friction coefficients between the oil sunflower seeds. The steepest ascending path
was used to determine the range of factors with a significant impact on the stacking angle. The variance analysis was also
made to optimize the response surface. Optimal static/dynamic friction coefficients between oil sunflower seeds were
determined to be 0.41 and 0.05, respectively. A stacking test was simulated with a better parameter combination, where the
measured stacking angle was 48.976°, only 0.24% in error with the stacking angle, compared with the physical stacking test.
The electromagnetic hopper vibration and simulation were carried out to obtain the mass flow rate curves of oil sunflower
seeds under different working voltages. The correlation coefficient of the two curves was 0.998, indicating the changing trend
was all the same. Consequently, the reliable model of oil sunflower seeds and the calibrated discrete element parameters can
provide significant theoretical support to the discrete element simulation.

Keywords: crops; discrete element method; oil sunflower seeds; three-dimensional scanning; parameter calibration
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