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Discrete element model construction and seed-flesh
separation process of seed gourd

SUN Haobo, LI Shengyuan, HUANG Xiaopeng, WU Jinfeng, WAN Fangxin

(College of Mechanical and Electrical Engineering ,Gansu Agricultural University ,Lanzhou,Gansu 730070 ,China)

Abstract: [Objective] Aiming at the problems of high impurity rate and large differences in separation
efficiency of different parts of crushing and seed extraction machine for QW-QZ-2 seed melon, numerical
simulation was used to study the seed and flesh separation process to provide basis for structural optimiza-
tion. [Method] Based on the Hertz-Mindlin with JKR model,the contact parameters of each component of
seed melon were calibrated using stacking angle as the response, and numerical simulations of seed-flesh
separation were carried out. The prediction results were also compared and analyzed with experimental re-
sults. [Result] A numerical simulation model for the separation of seeds and flesh was established using
the calibrated parameters. The optimal speed of separating rollers of the crushing and extraction machine
was 110—130 r/min and the trash rate was 3. 98% —4. 03%. The net separation of melon flesh in the sieve
barrel area was greater than 20% and more evenly distributed at this speed, which effectively avoided the
differences in separation efficiency among areas and the large abrasion in some areas of the separating roll-
er. The simulation results were in general agreement with experimental results with the maximum relative

error of 4.71% for seed trash content and 6. 33% for flesh separation clarity,both meeting the operational
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requirements. [Conclusion)] The developed discrete element model had high simulation accuracy and was

able to meet the needs of seed and flesh separation for seed melon.

Key words: seed melon;crushing and seed extraction machines;separation of seed and flesh;discrete el-

ement model
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Fig. 1 Determination of flesh, seeds and flesh-seed accumulation angle of melon
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Fig. 2 Discrete element simulation model for melon seed and flesh
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with JKR R FE 17 40k 3 AR A O S0 kL T2
AL AR B 7 L5 L BEAL A 7 TR N TR A BORT
W 77 1k 5 S PR PR A R — B 1 W RHE R R HE

Bl SHURE RAC(A) (R R BB R
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Table 1  Simulation factors and levels for material stacking angle
A B C D
P LA 3 ¥ Wi e Z K N ) TR EERE AR ) )
B R s R 8 S BABBRM ool
Code value Contact materials Restitution Lo - Rolling friction
.. Static friction coefficient .. JKR surface energy
coefficient coefficient
JKEL Melon flesh 0. 50 0.50 0. 60 2. 60
2 JIK Melon seed 0.73 0. 85 0. 38 0. 80
¥-3L Melon flesh-seed 0. 50 0.50 0. 50 4. 00
JRHL Melon flesh 0. 40 0. 40 0. 50 2.00
1 JIKF Melon seed 0. 50 0. 65 0. 25 0. 60
¥ 3L Melon flesh-seed 0. 40 0. 40 0. 40 3.00
JR#L Melon flesh 0. 30 0. 30 0. 40 1. 40
0 JKE Melon seed 0. 38 0. 45 0.18 0. 40
¥-3L Melon flesh-seed 0. 30 0. 30 0. 30 2.00
JRIK Melon flesh 0. 20 0. 20 0. 30 0. 80
—1 JK Melon seed 0. 20 0. 35 0.10 0. 20
¥ 3L Melon flesh-seed 0. 20 0. 20 0. 20 1. 00
JR#L Melon flesh 0.10 0.10 0. 20 0.2
—2 JRKF Melon seed 0.03 0.05 0.03 0
¥ 3L Melon flesh-seed 0.10 0.10 0.10 0

L2.4 HAKRERE A HERMAP KR TT

F AR 2 Fros BEE AT UL 3.

*2 YHHERAFTERERAREER
Table 2 Simulation program and results of material build-up angle
. o Y Y Ys
HIIT S A B c D AR/ R /O FIR B/ ()
: Melon flesh angle Melon seeds angle Melon flesh-seeds angle

1 —2 0 0 0 32.54 47. 38 30. 54

2 —1 —1 1 1 40. 76 31.23 31.13

3 —1 —1 —1 —1 21. 67 29.92 17.06

4 —1 —1 —1 1 32. 46 44,77 22.91

5 —1 1 1 —1 21.48 33. 66 31. 44

6 —1 1 —1 —1 29.07 46.52 22.41
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& 2(&) Continued table 2
e Yl YZ YS
HIRIT Y A B c D TR /() AR /O R B /)
: Melon flesh angle Melon seeds angle Melon flesh-seeds angle
7 —1 1 1 1 29.58 48. 14 35.91
8 —1 —1 1 —1 28.98 48.61 24. 34
9 —1 1 —1 1 26. 86 20.76 22. 44
10 0 0 0 0 26.50 8. 30 21. 67
11 0 0 0 0 35.11 45. 54 23.07
12 0 0 0 0 28.49 24.83 23.27
13 0 0 0 0 27.62 44,55 24.99
14 0 0 0 0 13.15 49. 96 25.61
15 0 0 2 0 37.30 44.39 31.18
16 0 0 —2 0 20. 19 53.67 16.92
17 0 —2 0 0 23.79 28. 64 14.13
18 0 0 0 0 14.70 48.12 19. 65
19 0 0 0 2 26.94 50. 17 35.40
20 0 2 0 0 26.09 42. 30 27.96
21 0 0 0 —2 27.95 33.09 16. 56
22 1 1 1 1 15. 26 27.06 22.30
23 1 —1 1 1 28.28 27.45 29. 83
24 1 —1 1 —1 21.19 38. 44 18. 69
25 1 1 —1 1 30. 54 32.38 26.51
26 1 —1 —1 —1 23.36 39.59 22.21
27 1 —1 —1 1 20.42 31.09 20.61
28 1 1 1 —1 31.23 46. 76 25.52
29 1 1 —1 —1 41.96 47. 54 22.04
30 2 0 0 0 31.27 48. 25 20. 27
3 PRERBEGTERARERNEZESN
Table 3  Significance analysis on simulation results of material piling angle
FERE JRBIHE AR A1 (Y1) Melon flesh angle JRAFHERL 5 (Y2) Melon seeds angle AFBHEF £ (Y3 ) Melon flesh-seeds angle
Variance T F Rl H 5 F H
source Sum of  Degree of F P Sum of  Degree of F P Sum of  Degree of F P
squared  freedom squared  freedom squared  freedom
FER Model 1 275.33 14 10. 840 <C0.000 1* * 2 898.43 14 6.42 0.000 5" * 706. 22 14 4,360 0.003 8
A 18. 68 1 2.220 0.156 7 5.56 1 0.17 0.683 9 68.53 1 5.920 0.027 9~
B 353.47 1 42.060  <C0.000 1** 373.55 1 11. 58 0.003 9~ 213.52 1 18. 450 0.000 6™ *
C 160. 50 1 19. 100 0.000 5 * 414, 30 1 12. 84 0.002 7% 102. 32 1 8. 840 0.009 5~
D 501. 47 1 59.670  <C0.000 1"~ 209.48 1 6.49 0.022 3% 179. 88 1 15. 540 0.001 3**
AB 44, 44 1 5.290 0.036 3% 22. 60 1 0.70 0.415 8 67.84 1 5. 860 0.028 6%
AC 13.74 1 1. 630 0.2205 0.62 1 0.02 0.891 4 8.49 1 0.734 0.405 2
AD 3.61 1 0.430 0.5219 32.82 1 1.02 0.329 2 2.45 1 0.212 0.651 8
BC 25.21 1 3. 000 0.103 8 418. 46 1 12.97 0.002 6™ * 0.02 1 0.001 0.9715
BD 21.08 1 2.510 0.134 1 4.26 1 0.13 0.7214 6. 66 1 0.576 0.459 7
CD 44,51 1 5.300 0.036 1% 199. 97 1 6.20 0.0250* 17.07 1 1. 470 0.243 3
A? 62.29 1 7.410 0.015 7~ 1.94 1 0. 06 0.809 4 12.98 1 1.120 0. 306 3
B? 5.23 1 0.623 0.442 3 160. 06 1 4,96 0.041 7% 3.33 1 0.288 0.599 5
C? 9.17 1 1.090 0.312 9 713.78 1 22.12 0.000 3** 4,45 1 0.385 0.544 5
D? 0.03 1 0.003 0.956 5 542.56 1 16. 81 0.000 9" * 18.94 1 1. 640 0.220 2
Reﬁfiial 126.07 15 484.00 15 173.58 15
R IR 111.58 10 3.85 0.074 8 398.98 10 2.35 0.179°5 149. 74 10 3. 14 0.109 2
Lack of fit ’ ’ ' ' ’ ’
Piqrzfiffor 14, 48 5 85.02 5 23.84 5
BE
Cor total 1401. 40 29 3 382.43 29 879. 80 29

T "IN MR B3 (P<0.01) ;% « "R B3 (0. 01<<P<0.05), T,

Note:“ * * "indicates highly significant effect (P<C0.01) ;" * "indicates significant effect (0. 01<CP<0.05). The same below.
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X A Deign-expert 12. 0 # 4 ) Optimization-
Numerical 888, 43 51 DL 52 00 3 49 fir 45 I BI04 £ A
(28.07°) JK #F HE B £ (22. 15°) FIAF BK 4 7R
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Table 4 Determination of contact parameters for flesh,seeds and seed-flesh

22 fik 0 U EXA B R K R R R JKR &MRE/(J - m*)

Contact material Restitution coefficient Static friction coefficient  Rolling friction coefficient JKR surface energy
JR¥EL Melon flesh 0.10 0.11 1.27
JUKF Melon seed 0. 20 0. 25 0. 20
F#£3L Melon seed-flesh 0.23 0.27 2.21

1.3 HFINER S SHWERFNEMSBEBRE
TEXF B 25 3 B v o A B B L 23 B 4R 5k R
#5203 OB JTUR. ) 10 422 finh B 22 DR IG5 00 8 67 TS 4%
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LN I S I E R R XA B
H RS 20 7 i A0 AR ARCRIT ' F T 56 A5 20 0 1K 4
W OB JTORF 4301 8 1E 616 H I 5 & 33 151 4b ARk T
fLE I G o IF T i FR s KT IR K. 218 0T
ARHI, B ZDGH T SCH8 s AT s, R BIVEL, JIOK 72
REE &AW Eh 10 Sk I A AR AU D O
ARHI 5 7K VT A I A TICBI JTURE 5 304 S 85 4 14 i
PR R BN iz M IE DB . R E A 20 K,
SERBOEEME . RIEAX QO RAEREE 304
AN B B BE S R B0OR 0. 35, K5 304 AN I
RS R AN 0. 21,
p=f/mgcos 0=tan 0, (14)
s PR A S O R EEE T Nym g 15

YPRHT R ks g TS 9. 8 m/s 30 A
T 5 K P 5 fi

2

1. AR ;2. B A 5 3. MR s 4. SE LT 6
1. Bottom plate;2. Protractor; 3. Tilt plate;4. Photoelectric switch
3 H IR EE AR R ROE A o I - B
Fig. 3 Self-made photoelectric inductive measuring
stage for static friction coefficient
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Table 5 Factors and levels for flesh and
seed slip simulation test

E F
o 1 1 /K34 R EH R AL
Code value Restitution Rolling friction
coefficient coefficient

1.414 0.58 0.93

1 0.50 0. 80

0 0. 30 0.48

—1 0. 10 0. 15

—1.414 0.02 0.02
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Table 6 Protocol and results of flesh and seed slip simulation

Y, Y5
W75 BV A /) IHF RV 30 A /)
Test No. E E Melon-sliding friction Melon seed-contact material
angle of contact material sliding friction angle
1 1 1 42.10 32.90
2 1 —1 43.00 34. 10
3 —1 1 43. 30 33. 30
4 —1 —1 40. 00 34. 00
5 1.414 0 43.00 33.90
6 —1.414 0 40. 80 34. 40
7 0 1.414 45.50 33.00
8 0 —1.414 38.00 34.00
9 0 0 41.50 33.40
10 0 0 41. 80 34. 00
11 0 0 41.90 33.41
12 0 0 42.00 33.90
13 0 0 40. 00 33. 30
W A Design-expert 12. 0 A4 Xt 45 B 1 46 2% Y;=33.2—0.414F, (16)
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2 AR R VB TR 5 6 ) 2 1 ) K 52 2% 8
E SRR VB IO 5 86 22 18] (9 7 2l e 45 22 80
Fgt 2% . 2 HIS Z 07 4% K 2R 0 i 3l EE
YA R MIHEA P /N T 0. 05 HAH
T P AE KT 0. 05, B [m] ) 458 By 8 25 HL 2K 00004 (i
F WA KA R E IR S NBTE AR L
WA Y, STHAEM R LR SRR Y, 1

(] )23 77 A 50 531 A
Y, =41.76+1. 63F, (15)

X% A Deign-expert 12. 0 4y Optimization-
Numerical 8, 43 51 AL SE 0 0 JR S 44 6 5
AR Z 8] 0 T B0 BE 482 £ 38. 98° N 33. 217 H Ar A ik
17300 e EU S 8 Bh B AR e e 1 1 LS50 BR
B 304 NGRS 3 BORNTR 2l E 182 2R 8003 5
0.10 A1 0. 15, JKAF55 304 REMNAIIK 2 R B AE 3
JEEJ52 22 800 9 A 0. 36 I 0. 75, 1% 41 B BT 45 18 3h
JEE 48 A7 4 0k 39. 52° 1 33. 23°, 5 S A 56 45 SR 1Y
ARFIR 2250 51 1. 38 %6 H1 0. 06 % - 15 WA BT 45 K 5
FAAE TORF 55 44 1 22 fish 2 508 1 7T 52
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Table 7 Significance analysis on simulation results of sliding friction angle
W 5 T E R T A - B
Sliding friction angle Source Sum of Squares Degree of freedom
15 A1 Model 24.16 2 7.20 0.011 6"
E 3.02 1 1. 80 0.209 9
L F 21.15 1 12. 60 0.005 3"~
Melon flesh and material %% Residual 16.79 10
eI Lack of fit 14. 06 6 3.43 0.126 5
4li % 2% Pure error 2.73 4
Bl Cor total 40. 95 12
i Model 1.50 2 6. 80 0.013 7~
E 0.13 1 1.15 0.309 0
TR b F 1.37 1 12. 44 0.005 5"~
Melon seed and material B Residual 1.10 10
S Lack of fit 0.78 6 1.63 0.3310
4li % 2% Pure error 0.32 4
B Cor total 2. 60 12
2 R B V-6 BEAT S BB 5 U BT A 7 R G AR R Y A
A
T 5 B
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FFBR B ALVE M I o 0 B 4 S b VBT i P 0 SRR AR E S 800 e PR PRS2 R T — Fb
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1. Material inlet; 2. Frame;3. Separation roller;4. Screen cylinder;5. Melon juice outlet; 6. Melon seed outlet
B4 b TAF B 85 00 7 & (A0 KO = 4R A (FD)
Fig. 4 Test bed (left) and its 3D model (right) for seed and flesh separation

TAER B RBURUTRKH IR S W AR B R AL 7R
3 ) A Al ) R0 R 1) 0 R TR il A A Ak
Jo 7% AT BT £ 28 I OB E 3 HS S AR L JIOR
B3k 2 TOFF R HE LA R 26 SNBSS AT
)53 BRI .
2.3 FMEHEISBERE

DLJTOR: 55 2% 238 Rl ) JICIR 53 25 14 J32 S 46 AR i AT
FF B0 R 53 ?‘%ﬂ% W B AR BOR & PR A
10 kg, 7 B 53 25 4 5 3 3 9 B2 R 70,90, 110,130
1150 r/min, 2 min J5 {45 1kia 17, G Rk 0B R

b5 45 2% o o 3l 5 5 (17D T3 T0OF 3 A 36
[e] F 75 67 5 A A 52 4 A WA AR AL Gtk 1) JIUBE
E T T3 P9 1) 104 48 2 8 1 D o WC S A 2 ol 22 i) A AR
LTIV X Gedt 4 AN WA A6 P9 2 0 67 7 T O
Hh A ICBIOR &E , AR  2C (18) THRLIBI A3 2 v i L 1

AR 5 PR, AT 5 %K. AL R
TH

TICKE 5 2 342 7 TIORF Hh B4 11T 72 0 o 2 5 o
SR, AR



152 P b4 MR R 224 (A SR B2 AR %50 %
; . Sr T BAN BT T 4 A R 3
T, =%><100V0 an 1£ Solidworks H 37 FF B2 B ML — 4 A5 AU I 43¢

o Ty R JIORF & 445%, V0 5 My Ry JICKRF v A 2% I
kg s M Ry & 2% M B L kg,

JICBI 3 85 4 i 3 7 Bty o) JTCRBITE 7 e P90 B 088 5 5
BE. IHREAXR:

(18)

s T, S SRy B85 5L V0 s M, SR WS4 4 P9 A IR
gmﬁiakg;Mo ﬂﬂm%ﬁﬁ'\ﬁi»kgo

| Il

11 v

L. A s 2. FF BT B4R s T ~ V. WA
1. Sieve drum;2. Seed and flesh separating roller;

I ~ V. Collection box
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Fig.5 Simulation model of seed and flesh separation e S AR — B0, 8 e RMIXT R 220 4. 7106
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Table 8 Test results of impurity rate with different separation roller speed %
id i i 78 # Impurity } I3 B AR He L/ 23 Impurity
A SRR A oy
Se;(erlralrin(;E roiler el . UJE{E Rjifi{/?{ior Se;Zralr?ol: ro;ler K . bjﬁ‘{ﬁ Reﬁgéi?tfmr
speed Test value  Simulation value speed Test value  Simulation value
70 7.01 7.25 3.42 130 4.03 4.22 4.71
90 5.52 5.43 1.63 150 5.20 5.14 1.15
110 3.98 4.08 2.51

JRBL 8 v B IR0 45 R N3k 9 s, & 9
AP L AT DT o3 5 e A g AV e T I
6K o EL I 25 P 412 v i 5 g 5 IR IV DXOTCBIR G 29
VTR A 5 AR AV B o s A vy o (L B R B g T
WA . 235 TIOR3 A 3 1 A TUBI o3 10 04 82 U
AP e 110~ 130 r/min i, 4 X8RI
VR A L LR 2 Ry B AR A S T AR
BB F T ARy B T 4% DX B Ak R 2

KB 53 B SR 4 DX B 451 ™ B ), HLJTORF B 2%
B ALKy 3. 98 % ~4. 03% . PRI o A AR 1 4
BRSO 110~130 r/min, 383 % 6 AT, KR
G381 B 0 U7 PR 25 A S 2 AR — B i
AR IR 2K 6. 3300, 2 B 32 5 1 oo A5 A 11 ) 3
J12F RV 5 SE PRk IR A — B0, AR v 5 L AT ]
TRF TR 25 180T 05 B 53T .

R FEANBREEHMNIASBE2ERBERVILER
Table 9 Test results of flesh separation cleanliness with different separation roller speed %
i AR I I } I\

(r+ min’ ) R fjHME MxERE WKBE fEE MExRE WBE EE MRz W{BRE HE MR
Separation Test Simulation Relative Test Simulation Relative Test Simulation Relative Test Simulation Relative

roller speed value value error value value error value value error value value error

70 15.32 16. 04 4,70 28.58 28.20 1.33 24.56 26.08 6.19 27.24 26.63 2.24

90 21.42 20.98 2.05 25.57 24.17 5.48 26. 66 25.69 3.64 22.75 21.82 4.09

110 26.33 25.32 3.84 27.18 27.02 0.59 22,57 22.05 2.30 21.32 19. 97 6.33

130 30.08 31.3 4,06 26.90 27.52 2.30 21.25 19. 98 5.98 18.17 18.77 3.30

150 38.72 36. 84 4. 86 29. 26 29.07 0.65 21.01 22.11 5.24 9.81 9.78 0.31




% 10 1)

PN T L 45 O TORS B0 BT 2 A S RO B0 8 i R AT 5 153

3 45 ®©

DA IR FAR 5 7= 0 5 — 5 7R R Ry BF 58 6 42
% FH Hertz-Mindlin with JKR 332 fil 45 %0 , 5% B 520
R 5 7 B 50 A S5 A 0 7 ik R TR B BT
BRI 2 B5ORIORT TR B JBURT 43 85 AL 8 FH A B (304 A
B 4% i S RCHEAT T bR a8 I 388 5 B R IBORF 3 B
WIS 5 0y B 5 E A7 X L 36 A5 2040 F 4598 .

1) LAJTOR: IBIE R K] A 1 2 2 0 i P 4 R
MRS EERRCS JKR R e N R, &t
e e v s 21 A IR B8 L Xk i 6 2% SR R A Y [0 0 )
B 22 B - 78 JIIE TR e LA R 0 b, R I R K
SO R 3 LA i S O A 3 Y 5 6 R kU]
HEAUA R I L 4 A DR XA B A HE R A B
FRW

2) LIHERUA Sy A Ak B AR AE ) ma B T vk 4K A5
B BE 4R BoR RER R E Rk 0. 10,
FEEIE R BN 0. 33, RS BEHE R KM 0. 11, JKR %
T AEN 1.27 J/m” ;s KRR S 2R 80K 0. 20, i 45
FHCH 0. 25 RSN EEHE R ECH 0. 25, JKR KMHE N
0.20 J/m” s ¥FBRIRMK S R AR 0. 23, S EEE R BUH
0.37.RENEW R B N 0. 27. JKR £ H g N 2. 21
J/m*;

3) R FH A il o e a2 EE 5 2R B0 E - 6
TS UL T 5 304 AN 45 400 1] A i FEE 488 25 25043 3
0,35 0. 21, >R R 8l JEE 482 A A 5, TSI
B 304 NEEMMWE RZECN 0. 10 7R S BEHE R KL
0,155 VK5 304 REEMAIWREZ RECH 0. 36,78
BRI R BN 0. 75, MK IL 8 7 T AT JTOR B0 A% B R
JUREAL,

4) DA Fr = 5OR 43 18 1 B O 4R A 4 Ak AT S
I AT LK, A5 B A Y 43 B R M 110 ~
130 r/min, BB IR £ 22 %8 3. 9896 ~4. 03%6, 43
B A5 ST B B v 8 A v LA N YL iR
G55 B 45 R e KA R 22k 6. 33 %, W FIF
FHE N7 11 S B A BRORS A R R s T R TIOR3
B0 5T

[5 % ek ]

L] A, B TR I 2 R i R R AL fe 823t (D], B &
RS B R AR A KA 2014,
Niu C H. Optimized design of seed melon harvester based on
mechanical characteristics of seed melon [ D]. Urumgqi: Xinjiang
Agricultural University,2014.

(2] R KRS WAL P A E R (1] P EEE

(3]

[4]

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

At 4 ,2013(17) 1 128-129.
Song P. Identification of reducing sugars in biological tissues u-
sing seed gourd juice [J]. China Educational Technology &. E-
quipment,2013(17):128-129.
AR, 2B S A B R BT KSR E 5
HeFp g g UE [T, R0l TR 4. 2019,35(20) :25-33.
Shi L R,Ma Z T, Zhao W Y, et al. Calibration of simulation
parameters of flaxed seeds using discrete element method and
verification of seed-metering test [ J]. Transactions of the Chi-
nese Society of Agricultural Engineering,2019,35(20) :25-33.
Alon M, Luca O, Abderrahim M, et al. A combined DEM &.
FEM approach for modelling roll compaction process [J]. Pow-
der Technology,2018,337:3-16.
Mustafa U, Chris S,John M. Discrete element modelling of top
soil burial using a {ull scale mouldboard plough under field con-
ditions [J]. Biosystems Engineering,2017,160:140-153.
Horabik J, Wicek J, Parafiniuk P, et al. Calibration of discrete-
element-method model parameters of bulk wheat for storage
[J]. Biosystems Engineering,2020,200:298-314.
XPPF Lk LX) AF. R A ORI I B O H i S 80 o 5
B [T b [ el B S 41, 2019, 21(11) - 70-76.
Liu Y P, Zhang T, Liu Y. Calibration and experiment of con-
tact parameters of rice grain based on discrete element model
[J]. Journal of Agricultural Science and Technology, 2019, 21
(11):70-76.
FEA A BT R AL R AT R R O R S T
BZHhRE [T]. R HUR A4 2021,52(3) : 127-134.
Wang W W, Cai D Y, Xie J J, et al. Parameters calibration of
discrete element model for corn stalk powder compression sim-
ulation [J]. Transactions of the Chinese Society for Agricultur-
al,2021,52(3):127-134.
Wang L,Li R, Wu B, et al. Determination of the coefficient of
rolling friction of an irregularly shaped maize particle group u-
sing physical experiment and simulations [ J]. Particuology.
2018,38:185-195.
Wang L J,Zheng Z H,Yu Y T,et al. Determination of the en-
ergetic coefficient of restitution of maize grain based on labo-
ratory experiments and DEM simulations [ J]. Powder Tech-
nology,2020,362:645-658.
Mohammad M, Tekeste M Z, Rosentrater K A. Calibration and
validation of a discrete element model of corn using grain flow
simulation in a commercial screw grain auger [J]. Transac-
tions of the Asabe,2017.,60(4).1403-1415.
XU SCHL A HE AR L TR M SR E T 5 S
Hobrsg (1] AR AE . 2018.49(5) - 125-135.142.
Liu W Z,He J,Li H W,et al. Calibration of simulation param-
eters for potato minituber based EDEM []]. Transactions of
the Chinese Society for Agricultural, 2018,49 (5):125-135,
142.
Ghodki B M. Patel M,Namdeo R.et al. Calibration of discrete
element model parameters: soybeans [ J]. Computational Par-

ticle Mechanics,2018,5:1-8.



154

P A e MR K i AR

5 50 &

[14]

[15]

[16]

[17]

(18]

(191

[20]

Bhupendra M G, Manish P, Rohit N, et al. Calibration of dis-
crete element model parameters: soybeans []J]. Computational
Particle Mechanics,2019,6:3-10.

i W SET 530, A TR B BT A A R UKL R~
BOREFgT (1], 45+ 1%, 2018,39(12) :4642-4650.

Su H,Yang ] Q.Hu B W,et al. Study of particle size effect of
rock model based on particle discrete element method [ J].
Rock and Soil Mechanics,2018,39(12) .4642-4650.

Wei H, Nie H,Li Y, et al. Measurement and simulation vali-
dation of DEM parameters of pellet, sinter and coke particles
[J]. Powder Technology,2020,364:593-603.

M Wk FLPRPE ELLYE AR BT A AL AR A iy JBURL A L i
PERFSE [)]. 4olk T #2224, 2017, 33(23) . 267-275.

Chen X, Kong D D, Wang H Y, et al. Analysis of forming
properties based on pellet feed forming constitutive model
[J]. Transactions of the Chinese Society of Agricultural Engi-
neering,2017,33(23) :267-275.

o P BRI P S B E S R R Ay A (D] oK
J5 R SR TR 2 . 2019,

Cao B. Parameter calbration of wet media and contact model
analysis [ D]. Taiyuan: Taiyuan University of Technology.
2019.

Johnson K L, Greenwood J A. An adhesion map for the con-
tact of elastic spheres [J]. Journal of Colloid And Interface
Science,1997,192(2) :326.

Lin Y Y,Chang C F,Lee W T. Effects of thickness on the
largely-deformed JKR (Johnson-Kendall-Roberts) test of soft
elastic layers [J7]. International Journal of Solids &. Struc-

tures,2008,45(7) :2220-2232.

[21]

[22]

[23]

[24]

[25]

[26]

Li Y,Yong X, Thornton C. A comparison of discrete element
simulations and experiments for °sandpiles’ composed of
spherical particles []J]. Powder Technology, 2005, 160 (3):
219-228.

TR, ETHE LA SF. 5T EDEM Y £ K F kgt 62 7
P WESE LT, 3R A lk R 42, 2018, 52(1) :80-84, 103.
Wang M M,Wang W Z,Yang L. Q,et al. Research of discrete
element modeling method of maize kernel based on EDEM
[J]. Journal of Henan Agricultural University,2018,52(1):
80-84,103.

Viktor M, Munkholm L J,Chen Y.et al. Modelling approach
for soil displacement in tillage using discrete element method
[JJ. Soil & Tillage Research,2018,183:60-71.

THE® AL 32, Belal Eisa Adam, 5. J@ KK f A 3 B2 B
HoE M [1] AR ALK 42 2017, 48(3) - 38-48.

Ding Q S.Ren J.Belal E A,et al. DEM analysis of subsoiling

process in wet clayey paddy soil [J]. Transactions of the Chi-
nese Society for Agricultural,2017,48(3) ;38-48.

Zeng Z W,Chen Y,Zhang X R. Modelling the interaction of a
deep tillage tool with heterogeneous soil []J]. Computers and
Electronics in Agriculture,2017,143;130-138.

o AR U, 2 A AR AL % R B E R S AR A AR
MM BT 5S8R E (] Rl TR %4, 2020,36 (1)
40-49.

Ma S.Xu L M, Yuan Q C,et al. Calibration of discrete ele-
ment simulation parameters of grapevine antifreezing soil and
its interaction with soil-cleaning components [ J]. Transac-
tions of the Chinese Society of Agricultural Engineering,

2020,36(1):40-49.

(E#EF 143 70

[29]

[30]

[31]

N L SCOER T R RO B gy [C/ /o
T A 2. B T A TR M B K 230 SCAE . i [ Ml R A 4y
QT8 5 27 41 ) 2 B8 2016 : 1303-1306.

Sun C,Fan W. Study on the test of tensile strength of loess in
the south of Jinghe [ C]//Geological Society of China. Pro-
ceedings of the 10th National Engineering Geology Confer-
ence. Geological Society of China: Editorial Department of
Journal of Engineering Geology,2016:1303-1306.

MR TR L WSO AR T IR AR 1 T 9B W - R0k
LR A LD, PO SR 2 B 5T 5 2020, 46 (6) - 70-79.

Yun H L,Yin S Y,Han W X, et al. Analysis of influence on
tensile strength of remolded loess based on orthogonal test
[J]. Sichuan Building Science,2020,46(6) ;:70-79.

K . EE B 2F. 92 A b A b Rl
[J]. &4 J1%,2013,34(8) : 2151-2157.

Zhang Y,Wang H M, Yan L F. Test research on tensile prop-

[32]

[33]

erties of compacted clay [J]. Rock and Soil Mechanics, 2013,
34(8):2151-2157.

BARR ZER B & I vE T b 522 3 4 B 205y Mk b hir
SREERFSY [T, W #0224 CH AR BE% 80 L 2021, 40
(2):173-178.

LvDD,Li Y R,Zhao J G. Study on splitting characteristics
and tensile strength of Malan loess in Jinzhong, Shanxi Prov-
ince [J . Journal of Henan Polytechnic University ( Natural
Science Edition),2021,40(2):173-178.

RHEL,E2RGAE . A ERAE B 1 45 M i o o
H LA T (). TAR %%, 2005,195(4) 114, 12.

Yuan Z X,Wang L. M, Deng J. Several problems on application
of SEM image in the structure properties study of loess [J].
Geotechnical Investigation & Surveying, 2005, 195 (4): 1-4,
12.



