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Calibration of Discrete Element Simulation Parameters for
Cultivated Soil Layer in Coastal Saline Alkali Soil

WANG Dongwei'> LU Tong' ZHAO Zhuang’ SHANG Shuqi'® ZHENG Shuai' LIU Jie'
(1. College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao 266109, China
2. Yellow River Delta Intelligent Agricultural Machinery Equipment Industry Academy, Dongying 257345, China
3. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China)

Abstract; In order to obtain the discrete element simulation parameters of coastal saline soils, the soil
discrete element parameters were calibrated by combining the experiment and discrete element simulation
using the soil of the Yellow River Deltd Agricultural Highland Area as an example, and Hertz — Mindlin
with JKR in EDEM was selected as the simulation contact model. The significance analysis was carried
out through the Plackett — Burman test to explore the factors that had a significant effect on the soil
stacking angle, the steepest climb method was used to further determine the range of factor values, the
Box — Behnken test was applied to establish a quadratic polynomial regression model of the three
significance factors and the simulated stacking angle of the soil, and the regression model was performed
with the measured soil stacking angle of 33. 6° as the target. The optimal combination of soil — soil static
friction factor of 0. 546 , soil — soil recovery coefficient of 0. 358 , and soil surface energy of 3.207 J/m’ in
the JKR model was obtained. Under the conditions of the optimal parameter combination, the simulation
results of the outer diameter of the top of the hole and the longitudinal depth of the hole had an error of
4.04% and 3.47% from the test, respectively, which verified the accuracy of the soil parameter
calibration. The discrete element parameter calibration method and parameter values proposed for saline
alkali soil can provide theoretical basis and support for the discrete element simulation of the interaction
between soil contact components and soil under saline alkali working conditions, as well as the research
and design of specialized agricultural machinery for saline alkali soil.

Key words: saline-alkali soil; soil; discrete element; parameter calibration; stacking angle
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Fig. 1 Sieved soil particles
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Fig.2 TSZ -1 automatic triaxial gauge
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Fig.3 Relationship curves between principal stress

difference and axial strain
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Fig.4 Soil angle of repose tests and measurements
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Fig.5 Principle of angle of repose measurement
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Fig.6  Crash recovery coefficient measurement test
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C, =— (5)
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Hr vnzvlcos(%—el +arctan%i) (6)
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K %
i 18 Fij 3 ] HUEE , m/s
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M e 5 Al 9 A & A AR R AT RHILEE B )
T
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K H —— YRl 08 5 R R % B2, mm
L, —— T 5 Pl 8 055 422 8 MR I 2K CF BE
?@} mm
2ot RS g e, AR 2L (5) AR, 1
e g8 m) Al B K 2 R Bk 0.15 ~ 0.65, + -
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1.3.2  F B S DR RO 2 1 50
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Fig.7 Static friction coefficient measurement test
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Fig.8 Rolling friction coefficient measurement test
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MR fi o <7 1E TR Bl BRI DR, 11550
G,H, =u,G,(G,ycos6; + L) (13)
L 6,——FHErkE SN
Hy——+ BEBR 5 K P A B B, N
0, —— B A 5 KR e f L ()
Ly——H3ERAE KA RSN FE B, mm
2o 0d I e  ARYE R (13) 1A ) 13-+
338 1) V& Bl R S L BCH 0. 05 ~0. 25, 44— 65Mn 49 [
RN EEIE N ECH 0.05 ~0. 25,
1.4 RBEHER
1.4.1 EAYHSH
T HEE R AR MR IR LS RN 1 PR,
SRR 13 045 + T 24 % 18 Sk 2.27 x 107 kg/m’,
i o T 9 05 0 A5 O 2 & K R0l 12.39% |, e <
05 4 HE AR Sy 33,60, 3 = K 5 A5 iR
55+ BEAA R 0.32,
£1 THEE SAERERARBRER

Tab.1 Soil density, water content and heap angle

test results

R ass W/ (kgom ™) K HE % B/ (°)
1 2.21 x10° 11.85 35.23
2 2.29 x10° 12.27 31.48
3 2.31 x10° 12.55 32.54
4 2.26 x10° 12.93 34.22
5 2.26 x10° 12.35 34.53
FH 2.27 x10° 12.39 33. 60

0 3 DU R A L SR AR O3 AT AN SR 2 B, AT LA
PR R /NT 0,25 mm By 3 5 R D R K
T3 mm B A R Z R R HEROR R

x2 TEMESH

Tab.2 Soil particle size distribution

A%/ mm T3 i 53 0/ %
0~0.25 5.00
0.25 ~0.50 7.96
0.5~1.0 10. 26
1.0~2.0 24.91
2.0~3.0 23.18
=3.0 28. 69

1.4.2 iz
B4 4 - 65Mn 4R Ja] (1 4 filh 2 B0
LERMFEE 3 TN
®3 BEmMSEUELE

Tab.3 Measurement ranges of exposure parameters

28 + -+ 4 43— 65Mn £
Tl K 5 2 Bk 0.15 ~0. 65 0.05 ~0.55
R A% IR B 0.20 ~0.85 0.35 ~0.65
TR Bl FE 1 R 4L 0.05 ~0.25 0.05 ~0.25

2 TIREMSHMERE

LS e B S B ARAE, FI ] Design-Expert
43 511t Plackett — Burman | fz BE JE 3 2 4% F1 Box —
Behnken 25 , I X 32k 56 45 2R i2F 47 43 #r , 8 2 7 25 43
B i Sk 2 M A B, B X g M R A S ) B 2 T 3
I R RS R S BARE R OC R, B 6
b - g B EOT B A B e L S B A
2.1 tEBHTFERNES
2.1.1 ek AL A

DEM J&t — i 4 0 0k A B 85 91 2 47 81
BOE 7o MG 1 R AR 4 A S T A 4 B, i e
U5 BB £ 50k B AR, fE X R U T S 4
HEAT U B e b AR S0 IR A A R [ R AR Y
I A b s g o P G S R N TR AN B T AR
T, MR 38 5 43 A A AR [R]RL 8 9 BRI R g8
BT A 5 L A R ORL 43 A 5 2 O S PRt
Wk S O T A ) AR 8L 4 SR e
P S bR A OB E BRI AR 5 % R 0 BURLAR , Xt
I 1Y JoT i o A R 4 s .

&4 EDEM +EFEFHNEZERRESH

Tab.4 EDEM soil simulation particle diameter and

mass fraction

SR ARLAE/ mm 15 B WOk 5 4%/ mm JoT 5y 88/ P
0~0.25 0. 625 5.00
0.25 ~0.50 1. 875 7.96
0.5~1.0 3.250 10. 26
1.0~2.0 7.500 24.91
2.0~3.0 12.500 23.18
=3.0 15. 000 28.69

2.1.2 B R kB

76 EDEM # ¥, Hertz — Mindlin with JKR #&
AT R 2 T AT DL HBL G BT B ORG 45 5 TR A
I A AR UL BORE 32 0 4% 0 T A R g R R
HET e $E Hertz —Mindlin with JKR A 0 S 4 HE {j5
FLA fl B A
2.2 FESH

MO 2 80 E AL + R 65Mn H9 %5 FE A A
L Y PIRE i 45 o a0 0 e M 2 BRSOk [ 28 ] 3R
35 PR,

£S5 LTES6SMnHHAESH

Tab.5 Intrinsic parameters of soil and 65Mn steel

ZH 1% 65Mn 4K
W/ (kgom ™) 2.270 x 10° 7. 865 x10°
THAS L 0.32 0.30
B Y A/ Pa 1.20 x 10° 7.90 x 10°
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P2 fih Z RS TKR AR - M 3 1 g DL % + 1
b e 65 Mn 2 ) A K A2 AR K RE 4 DR R
RBN RN, AR 2 G I &V 15 05 AR
FREE & 07 15384 , 3 6 S 0 H 4% fil 2 B, JKR
BERY 4 5 T fiE N EDEM #X{F GEMM 4 )% 2
M

x6 FEEMSH

Tab.6 Simulation contact parameter range

2 AT
-1 1
- R RBX, 0.15 0. 65
e R R L X, 0.25 0.85
A - R S R R AL X, 0.05 0.25
JKR B+ SR Hifig X,/ (Jom™?) 2.00 8. 00
+ 3R R AL X 0.05 0.55
- SR A R 4 PR X 0.35 0.65
- B VR Bl B R R X 0.05 0.25

2.3 FESHBRERZE
2.3.1 Plackett — Burman J7&E#3t

TEAS B 42 firh 2 BOBAE IS S, 3 2 e B 07 &
W (B 9), LLHE R Ay 3F #3841, R H] Design-
Expert #{}1% 11 12 4 Plackett — Burman 36 UL 43 H7
FALRTE RS e R R LR O R L E
B g~y BADSEIBE WA KT, 5 -1 F
1 3Ron A TR 4 0, BOE S E AR b s 4l 5
A o

9 MR AR
Fig.9 Angle of repose simulation mock-up test
2.3.2  EBEMRYEET
i 17 Plackett — Burman 2 4 575 %6 1 i F =
B, R T I BE TE 3 12 i — 20 4 /N S BOBE TG L il
3 B RS AR B B L P K
EVES B IRBEE B KB AR, 53 e 7 K

T B ) 3 AR

e

T I 45 R 5 S 45 2R AR X

2.3.3 Box — Behnken J7 %1t

BE T o BEC k45 B 0 25 S 240, ik — 20 o0 i
AN TR) ZH502H 6 %o RS Rl 5 T R D JEE 45 A 1) S0
AN T E S PR KR S 17 4
M, Horh S 20 0 2%
2.4 ZRE5HM
2.4.1 Plackett — Burman {1

2¢ 7 & Plackett — Burman {19 3& 5 14 71 Fi1 4%
X ~x; NG ASE . K H] Design-Expert {4 %) 45 3R it
PR 2000 AR A SR BT N2 8 FR .

% 7 Plackett — Burman % 83t g R
Tab.7 Design and results of Plackett — Burman test

Fe i3S R/
X Xy, X3 Xy X5 Xg Xy Xg X9 Xy Xy (°)
1 1 1 -1 1 1 1 -1 -1 -1 1 -1 30.38
2 -1 1 1 -1 1 1 1 -1 -1 -1 1 33.44
3 1 -1 1 1 -1 1 1 1 -1 -1 -1 38.11
4 -1 1 -1 1 1 -1 1 1 1 -1 -1 35.11
5 -1 -1 1 -1 1 1 -1 1 1 1 -1 36.24
6 -1 -1 -1 1 -1 1 1 -1 1 1 1 38.47
7 | -1 -1 -1 1 -1 1 1 -1 1 1 31.54
8 1 1 -1 -1 -1 1 -1 1 1 -1 1 28.44
9 1 1 1 -1 -1 -1 1 -1 1 1 -1 33.47
10 -1 1 1 1 -1 -1 -1 1 -1 1 1 37.54
11 1 -1 1 1 1 -1 -1 -1 1 -1 1 37.68
22 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 38.47
*8 ETHRANSHEEMENSN
Tab.8 Significance analysis of parameters based on
angle of repose
FEFRE P BHmE By F P
A 125.03 7 17. 86 14. 49 0.0106"
X, 32.18 1 32.18 26. 11 0.0069 ™
X, 40. 81 1 40. 81 33.12 0.004 5
X5 16. 50 1 16. 50 13.39 0.0216"
X, 20.51 1 20. 51 16. 65 0.0151"
X 8.52 1 8.52 6.91 0.0582
X, 6.35 1 6.35 5.15 0.0857
X, 0.1610 1 0.1610 0.1307 0.736 0
B % 4.93 4 1.23
pEill 129. 96 11

T owr FRMEE (P <0.01) ;5 = KRB (P<0.05), FId,

o 8 WM IZ AL 2 0 X, X, X, X, 0] 0
TURLHE B 52 e 3, I 2 D B i R RN
Xy X0 X X HA N R R 3%

2.4.2 e bENEsS L

%9 N fr BENCS Ik Bt O S AR AR R
BEE X, X, X 380, 0 B 15 Y ME FR A o iR
1O, Ty 5 2 I 6 A Y A b HERSURE HE AR A Y
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Tab.9 Design and results of the steepest ascent test

o IS HeRf HIXFR2E/
X, X, X,/(J-m™%) 6/(°) %
1 0.15 0.25 2.0 31.57 6. 04
2 0.25 0.37 3.2 31.83 5.27
3 0.35 0.49 4.4 32.21 4.14
4 0.45 0. 61 5.6 35.06 4.35
5 0.55 0.73 6.8 38.13 13. 48
6 0.65 0.85 8.0 41.37 23.13

AT 158 22 52 e /N 5 B A e 7 3 S il g
HEFEUAR AR X 5% 22 38 B R /AMA B, AT DL E ik
95 AR w1 B A0 X R T 3 5K 5 K B O
I, B HE 3 SOk L A R T L K2 S 4
SR 4y AR A AR K O #E AT IR 28 19 Box —
Behnken i 5 A1 [F] 9 A= 8 0475 X, WX, X, 09 -1.0,
1 7K 34 %3 H.0.25,.0.35,0.45; 0.37.0.49 .
0.61;3.2.4.4.5.6]/m",
2.4.3 Box — Behnken i1

22 10 24 Box — Behnken iR % 11 7 8 K& 45
A B (C 5357 Ry 05— A T R AR D B - 1 R
S Z K KR A - R T RE S A . AR A i e 46
B, K H Design-Expert 34 & 37 + 3 BURL HEFL 1 6
53 A5 (A5 ME) /9 B [l AR AL, JF [a] )9 4
ANy

6 =36.05 -0.001 24 —0. 056 2B —0. 035 0C +

0.010 0AB +0. 047 5AC +0. 887 5BC —2. 324" —

1.64B% —1.73C"

%10 Box— Behnken X iZiIt A RRER
Tab.10 Design and results of Box — Behnken test

e IS WeR 0/
A B C ()
1 -1 -1 0 32. 14
2 1 -1 0 32.24
3 -1 1 0 31.93
4 1 1 0 32.07
5 -1 0 -1 32.11
6 1 0 -1 31.85
7 -1 0 1 32.05
8 1 0 1 31.98
9 0 -1 -1 33.67
10 0 1 -1 31.86
11 0 -1 1 31.72
12 0 1 1 33. 46
13 0 0 0 35.98
14 0 0 0 35.55
15 0 0 0 36.78
16 0 0 0 36. 12
17 0 0 0 35.81

11y ik 2 mi A l H AR 7 22 53 Hr 45
gEIRRW AL P /N 0.000 1, 32 B % A5 5 B
MR PUERBCR 0,983 5 R IE P R
R, H0.9622, " F I 1, 2R KW, m MG
RERYAG 5 SC AT E BE v, RE A5 I A b S A R SR - g
SR

% 11 Box— Behnken i3 "X Z MK ER FEHH

Tab.11 Box — Behnken test quadratic polynomial
model ANOVA

FERE FHAM AmE B F p
iR 55.01 9 6.11 46.26  <0.000 1 **
A 0.001 0 1 0.0010 0.0077  0.9327
B 0.0253 1 0.0253 0.1916  0.6748
C 0.009 8 1 0.0098 0.0742  0.7932
AB 0. 000 4 1 0.0004 0.0030  0.9577
AC 0. 009 0 1 0.0090 0.068 3 0.8013
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Fig. 10 Interaction between parameters affecting repose angle
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Results of stacking test

5 B (9 - S ORE A T DR AN AR 5 B (BB 3508 1 35 22 S
(P>0.05),6 U & fiy H 5 744 21 4 38 ok BUA O
34.5°,33.2° 32.7° 34, 1° 33.5° 32. 6°, 45 ifi fff 2%
0. 61° . 4R 2 W 3 T s g8 A 0y A8, B
FH Sk 5k A R 7 1T 325 A 285 5 B O ik AR AT Hh Y
RRORL K S H 47

3 HEKE

3.1 HEHEERLE

W 12 Fros, SRR R SE 8K 460 em 47
HAR 40 em R @ EN T em GRG0
45° IR A F 8] BH R 3086 , AL ATt 3 9 3 km/h,
PURSR B e E 50 . X 25 A, Bl AL 32 g
Ji 7L L T A A o B RALTR y, il B 42 S
U, O S (AR o 245

12 [ a4 I
Fig. 12 Field suppression test
3.2 fHEHEERR
JET EDEM H 4 2k H B Bk #4705 A E
WA, WK 13 fios, £ EDEM $ {4 rp gt 7 4 5 +

K13 {5 HAER I
Fig. 13

Simulated ballast test
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Tab.12 Comparison of results between field and
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