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HIRE LTI IEANIE T o A SCEF X % 41 388 B WUT A A S 40
ANTE IR B, DL RE HR XRE 21 3R SO SO 5, SRR
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1.1 EERRARE AT IR EL

WA EEAFAEMMIE, 28K
Hertz-Mindlin #2flis B4Y 2[R SAR T, AN R8Tk A5
RG] ARG ZS 77, e DLAE R RS0 fich - B 44 7 iy 20 38 v () 4
MVEREE; Hertz-Mindlin with Bonding il A% %1 B 4R v] F >k
TREADURE 25 JORE,  (EZ AR AL T A BRI« RS 7717
ik, & TR B A S A SR R A R P,
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A 5, Ak R B A AE R IR VR R B R TEI B, m;
o APURLTE] B AEZ R J10 B0 A SRR B, mo.

M 5>0 W, FURLRIEESE 1A 05 R IR SL bR
Befuh HIRIBE /N T o, B, B3 J1ih 35 KAH -

cohesion = —%TEYR* ( 8 )

A Foopesion 9 2 NBURLIEIEESE 11, N3 ROAZERHE Ml
%, m.

T IIX K%, Hertz-Mindlin with JKR il
U TR T R 23 R, R 2 AR TR R
B B IR T AR 2 TR 5K AN A -

Fpullout = _27‘3]/5 COS(‘L’) /RiRj (9)

A Foutioun E 2 ANFRLS FERTFR 43257, Ny oy W
RFRITKTT, N5  HIRIEMA, (©): Riv RNPRIY:AE, m.
1.2 RESHMERRIRE

PR S HAA AR AIE S 5. B fih 2 300 1 Ao 7
S8, R MRS 3OS B R S50 o [ e, wf
A A VORME B WA S A RS LR A B i S
AT R IR A
1.2.1 KA R AIEA S

AR YR T HERE 5K B R KBS T A S RIS
H, M1kt 19°11'~19°52'N, 108°56'~109°45'E, {5 %
EHBERIEIKEN 7.8%, BT HEEALE), XtEREEAT
T BRRE. S ACER S, MRIE AR pH M, IIANIE &
ANV BRI R 2, AR SCER[241 BT 7 vk
TS R R, IR E SR, e e
BRI LR 1 TR .

x 1 RELLIEEUAA M

Table 1 Particle composition of latosol

KDL AL 43 b
Particle size/mm Percentage content of particles/%
<0.05 82.1
<0.01 72.6
<0.005 63.5

FELTHERUR M BIALE S HoN™): AR 0.38; BID)
B 1x10° Pa; ¥ 1 850 kg/m’; JEMB SR L H K
JKR KA, W47 ERORLHEAR 25 5 R4 AL 5\ EDEM
8 FH R A4 B #8E BE (Generic EDEM  material model
database, GEMM) 1, 75 JKR FKIHAEN 3.8~10.2 J/m’.
1.2.2 FELEARIE AW Z R

SO LR 40 J55 5 5 - 7K SF T I 2 T A, HEAR R
115 /KPR RCA F R AR IE A, & RAERRL A B
PEEBRERR P E S H, SRR R 0 SR T AR S i
FLEER RBOCA 0%, DRk, ALk f B AR 0 e FH AR SR
Yk B BT S HobE B PO, RIS RE S IR MR R
2.51 kg/m’, HIEGIKE 7.8%, K CHR[28]FT ik ikt
17 Bk AR, WIS gt Bl 1 FoR, EE 10 K
S HU% 2T 438 SE R AR 1B A T 3548 R 32.35°,
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Fig.1 Physical test of repose angle of latosol
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FEAE & PR AE AN BT, AT 3 A fid - 042 A [ 2 1 45
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e v I 5 3650 Al T v e S P LA KR
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FIRBE, SR 2 Fros RS R e e B E R R A

28MnBSH i f

Angle between 28MnB35
plate and horizontal plane

X
\T\ . : AR A
?_% V. Latosol particals
: [ %\ 28MnBSHR
£ I N \ 28MnBS5 plate
=
L
l PERLIAR
| I | Backing plate
L_ ]
SASASESREat
Y 2

VE: b ALRIERORL TV AR 28MnBS IR, ms S\ S Hi. H 2R
BRI AR 28MnBS AR JEEAKSETT A R ESFI A AL, m;
28MnBS #AHAA A 459 Xo Y AR Vi V2 AR BURLEE 28MnBS 4R
JEUY X 7R Y 7 R, ms.

Note: 4 is the height between the falling point of soil particles and 28MnBS5 plate,

m. Sy, S», Hyand H, are the displacements of soil particles in horizontal and
vertical planes respectively after colliding with 28MnBS5 plate respectively, m; X,
Y are the coordinate axes, ¥, and V) are the velocities of particles in X and Y
directions after colliding with 28MnBS5 plate respectively, m/s.

B2 #hatigikih /R R
Fig.2 Principle diagram of inclined plate collision test
FELTIRMURL T V% 2 28MnBS5 i A5 4 & A= hlf i Aot
Wizzl, wIMENIE X 7RSS GRIEZ Vo IR
Y JIIRRIEEER V,, NEREN g KSRRIZS), &4k
TEFERE R b, R
S, =Vt
1, (10
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Kb S Hy G=1,2) 735 o L HERURLAL 1% 28MnB5 4 )5
EARCFI A BEAFE AR, m.
SRRV K S L Hy o Hys 5359 N5 PR OCRS 2155
WURLREA 5 E R BRI AKCFALRE & Sy, S, WS
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2 2 o Vy
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Ve

C=V"= 12

r ’

4 V, sin45°
V, =4/2gh (13)
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RS, m/s; Vo AR RTRREEEE, m/s.

fite 138 - it 1= 01 [R] kB2 28 00 I A 21 388 Sk i <
28MnB5 HRMIE ; it 2135 - A% 21 358 W] Pk B2 R H0mT R R 42
TN Hite 1 458 - UKL 357 SR PR AE MR R T, A LR R AURE
MR, 30 S At 21 45 R Fa T ORI N € . I 2 IR EAK
IOIE, AR RELIERUR KR R BT 0.1~
0.7, FELIIE@RS 28MnBS A RHR WKk & R EVEHE A
0.05~0.7,
1.2.4 #FHEEZ IO RE

SR BRI R, e -l
AR N Z e, PR BEEER 2 N R RS
OGO JARIG R, P RORL R 52 3 D 1R A i R 2 8
JEEAE TR PR ), DRI AE SR FH B8 e AR AL 438 5 f s
FHEAE IS FERT, B R R BN Bl s 0K

B an B 3 Fros RIS, i SR R = H
1tz 21 3R SURE T U Vi 5 B U 5 AR M A, 3 T SR A i R
BERE, AR E 20 Ik, BCFAME. w200 R
FEUETE T 7R b 1)~ 75 #E

F, =Gsinf

QY]

H: FoRHLJ), No Fa NS, No G NET), Ni fABEES), Ni NRX
Fi71, No o NEEHEREC 0 ARRBIAH, (°): B NREKE, mm: H,
DR E AL, mm.

Note: F; is tension, N; F, is pressure, N; G is gravity, N; f'is friction, N; N is
support force, N; @ is angle between base and slope, (°); B is the base length, mm;
H, is the height of the slope, mm.

A3 HEEAZHNZREREZA

Fig.3 Principle diagram of static friction coefficient test
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PEHET), Ns N RNZHFET1, Ns p AEEEREG 0 AR
s, (9o

FLrf, it 218 B A ) e R 5 2R 0 i e £ 3B RURL
£ 28MnB5 BRI BNA56 5 ; it 2133t 21438 [A] 5 PR 12 5 4
A AR AR S IR TR SR g e . REZ X
IGHCF A, 21T IR 21458 - 1% 21438 W) B R 5 R A0R
0.4~1.1, HfeZLI%-fiuh - [A) i EE 45 R H0CH 0.3~0.9
1.2.5 RBHNEHFHM RS

Bt 4 Frosidie e B R RS EE R, R
N m IR LLBRURLAE A28 R 3L 60 M kb B IR T,
WERE = Hy AP & b JOKFILHRERES S,
WOCIERT S, SRR B — MU AE o I, X35
) IE i AUA A, B
S =omgcos(0-w) (16)

b fONRE LR A 1S3 R P B ), Ns o
NIRENEBEZREG 0 NP, (°); m Ik ZLFRRL T
&, kg: g NEIIINEE, Nikg: o Jhl IR 2 (1)
BUNO— ML, ()

u tan (15

it 4T HE UL
Latosol particles

/’g ™ 4L Guide
/ =
/ |~ Hhifii Ground
d
| I

A 0 AR, (0 R AT, mi h RELLHETUR AR LT
FEE, my SOKCFIIHEER], m; HOARGLIEBURLRYE EE, m.

Note: @ is angle between base and guide rail, (°); R is guide radius, m; A, is height
of latosol particles throwing point from the ground, m; S is horizontal throw
distance, m; H is the rolling height of latosol particles, m.

B4 RHFHFREMNARRER
Fig.4 Principle diagram of rolling friction coefficient test
FERLERE Y, W B EEE I PRI Th O
0
o} =IO 2Rw-omg cos(0 —w)dw an

X RAVFHHAE, m.
it LU BURLAE BRI Aoy AR7K-T- IR OB RE O, 9

0,= %mv2 (18)
KA v ARG LR N S P T, mys.
HAAT 0 N
O=mgH (19)
H=h +R(1-cos6) (20)

X H R SRRV W L, ms g 9k ZL SRR 4l H
R R, mo

HIRE LSRR S FE i RE R SE, B 0,+0,=0
AR R B BEE R A o, A EE DN B A £ RORL R VR 5 BE 4

RA VYRR BRI SOBURIAR , PN A 4 45
FEBCE T RORAR b B IR, 2 K E S50 e SR
{HAS: W2 RG LI R VR B BEVE 240N 0.05~0.25, 1%
Z1 33 -firh - A (R VR B BE 8 R N 0.05~0.25.
1.3 SEEREIRE& T

gE FIRIR S5 R . RE LDk 2 (A VK E R BGE LA
0.1~0.7, FREEBERHEREIN 0.4~1.1, RIEEHE R
FEI2A 0.05~0.25; Fif 21438 0k 5 fink 34 2 TR )Pk 5 &
HIEEN 0.05~0.7, FEERZEGEEY 03~09, R
JEE5E 2R AT 2 0.05~0.25; JKR 2 [H] g HUE V4 3.8~
10.2 J/m*. [ Plackett-Burman F Box-Behnken %111
it s 8hr e, HAPRIG N Rk e MIKE R FRE
PR R EEERKON JKR FLRE, WG TE R Ak
1, BESHEKTERNE 2 Fiw, 357 AR, £
—AEKE MR

F2 HMEABEERRKT

Table 2 Factors and levels of simulation test

= 7K Levels
Factors 1 0 1
A (RELTIR-RELTIRIN A R 5D
A (L-L restitution coefficient)
B (HG2LIR-1 213555 PEE B0
B (L-L static friction coefficient)
C L3R -1G 2L R BN R 250
C (L-L rolling friction coefficient)
D (41 4£-28MnB5 AR IKE RE0D
D (L-M restitution coefficient)
E (F&41HE-28MnBS HREHEE# 240
E (L-M static friction coefficient)
O (hk4148-28MnBS5 WK BB R H0
O (L-M rolling friction coefficient)
G (JKR FHfE/(J-m?)
G (JKR Surface energy/(J-m?))
. LOAARSZL3E: M 4 28MnBS5 K.
Note: L is latosol; M is steel plate.

2 HZRES

2.1 Plackett-Burman iR¥IRITHEE X EHMEAER

Plackett-Burman & — P 7K -F (150 e 1 7772, il
i A A TR T 7K ST 1R 22 e 5 A 11 22 S SR A 2 TR
A SRR 2 W SR FR K, REET 12 S,
I R MAAR W 3 Pox, HhiE 4 MEEIIHT
REIT.

% 3 Plackett-Burman Design FERER
Table 3 Scheme and results of Plackett-Burman Design

0.1 04 0.7

0.4 0.75 1.1

0.05 0.15 0.25

0.05 0.38 0.7

0.05 0.15 0.25

3.8 7 10.2

e ARG K 2 Test factors NI

No 4 B C D E O G H J Kk L Repose

angle/(°)
1 1 1 1 1 -1 -1 1 -1 1 1 -1 46.8
2 -1 -1 1 -1 -1 -1 -1 -1 -1 -1 -1 73
3 -1 1 1 1 1 -1 1 1 1 -1 -1 22.6
4 1 1 -1 -1 -1 1 -1 1 1 -1 1 16.7
5 1 1 -1 1 1 1 -1 -1 -1 1 -1 23.6
6 1 -1 -1 -1 1 -1 1 1 -1 1 1 22.1
7 -1 1 1 1 -1 -1 -1 1 -1 1 1 25.8
8 1 -1 1 1 -1 1 1 1 -1 -1 -1 52.6
9 -1 1 1 -1 1 1 1 -1 -1 -1 1 50.4
10 1 -1 1 1 1 -1 -1 -1 1 -1 1 35.2
11 -1 -1 -1 1 -1 1 1 -1 1 1 1 31.9
12 -1 -1 1 -1 1 1 -1 1 1 1 -1 29.7

: H. J. K. LATAY.
Note: H, J, K and L indicate blank column.
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SHRIGEE FHAT b, 38 7 AR ESHR LA DTk
FENE 4 Fios. B 4 7R, 7 ANEZERHA L A 309 IE
N, BIKIEMBEEZ 7 ANRER TR, Hpst kb
FRMECNEE T 4 NMRRKIRN: C (L HE-nE 2135
RANEERED. G (RMEE). O (R4 3E-28MnB5 iR
HIEEERBD A (FELLIE-RELIRWE RB0, Aok
4 95.68%.

% 4 Plackett-Burman Design i3 45 R 454
Table 4 Analysis of Plackett-Burman Design test results

B KR FrRIEAL R 75 A TUHRIE
Test factors  Stabilized effects Sum of mean squares Contribution degree/%
A 4.88 71.54 3.40
B 1.18 4.20 0.20
C 19.38 1127.14 53.52
D 3.12 29.14 1.38
E 0.42 0.52 0.03
o 7.52 169.50 8.05
G 14.68 646.80 30.71

2.2 Box—Behnken i®3& 1%t
22,1 X irfEhaR

BRIk EERZMEERE, A Box-Behnken %
THR S AT W N 1 73 A I SR AR AR, DL C (e 4T 3%-hi%
BRFNEHRBO. ¢ GRIER . O (FE411E-28MnB5
WRIRBNBEBERED M A (AR RIKE 250 ik
Wz, RIEMAREIENR, EHE 2 SHEZERRKF,
FLEAT 29 YRS, I T R A RN 5 PR,

% 5 Box-Behnken Design AERLER
Table 5 Scheme and results of Box-Behnken Design

C o G
F5 A. . L-Lrolling L-Mrolling JKR surface L
L-L restitution . . Repose
No. coefficient frlcthn frlct19n energzy/ angle/(%)
coefficient  coefficient Jm™)
1 -1 0 -1 0 29.6
2 0 0 -1 -1 28.6
3 0 0 0 0 31.6
4 0 -1 0 1 322
5 0 0 1 -1 32.8
6 0 1 -1 0 332
7 0 0 0 0 314
8 0 -1 -1 0 30.4
9 -1 0 1 0 31.8
10 -1 1 0 0 32.1
11 0 0 0 0 315
12 1 0 -1 0 32.1
13 0 0 -1 1 339
14 0 0 0 0 31.2
15 0 0 1 1 31.6
16 -1 0 0 1 30.4
17 1 0 0 1 33.4
18 1 -1 0 0 31.8
19 1 0 0 -1 29.3
20 1 0 1 0 324
21 0 1 1 0 335
22 0 1 0 1 33.4
23 0 -1 0 -1 29.6
24 0 1 0 -1 315
25 -1 0 0 -1 29.5
26 1 1 0 0 32.1
27 0 -1 1 0 324
28 -1 -1 0 0 29.5
29 0 0 0 0 31.6

2.2.2 ARaE A = AR AT
¥ Design-expert #1640 45 R AT 2 7o 8l =)
BN, TR L A [ R A
y=31.46+0.684+0.82C +0.560 +
1.13G-0.574C —0.48 40 + 0.80 4G —
0.43CO—0.18CG -1.620G —0.534* +
0.44C* +0.510% = 0.25G>
ZENA D5 FE P R0 R*=0.991 1, KEAH 99.11%
PRI 22 7 0T B AR R, 5 S bR B L S R
RIE VR E 2B adj-R*=0.9822 5 R*AEH 2L 1, RUHK
PEE I AR R CV=0.60%, % ERIiZAER B AR
MRS, ATCAAH Fak—2 0. Xz Ao o itk
FPIENATT Z 50, SR 6 Fim. HE 6 fLUEH,
FEA P<0.000 1, i BHiZAK 1 A [E AR R B 25, AE4h 8
HIRIG R KGR N, 4 (RELLIE-RE 203 280
C (RELHE-RE AR EBE R D . O (W& 413E-28MnB5
PR EEZBD. G JKR) SHKIE MR, AC.
AG. OG XHRIEMmRE 2, 40. CO XHARIE M50
BoNEZE, CGWRIEAEMARER; 42 C. O*xHkik
RN R, G RHR I mE N B .
% 6 Box-Behnken Design — & [a])3HEE 5 =44

Table 6 ANOVA of Box-Behnken Design quadratic model
SEIT AN I H B o7

Varigfﬁurce Sumof  Degree of = Mean F P
squares freedom square
R Model 55.42 14 3.96 111.33  <0.000 1
A 5.60 1 5.60 157.58 <0.000 1
C 8.17 1 8.17 229.69  <0.000 1
o 3.74 1 3.74 10520  <0.000 1
G 15.41 1 15.41 43345  <0.000 1
AC 1.32 1 1.32 37.19  <0.000 1
AO 0.90 1 0.90 25.38 0.000 2
AG 2.56 1 2.56 7199  <0.000 1
co 0.72 1 0.72 20.32 0.000 5
cG 0.12 1 0.12 3.44 0.084 6
oG 10.56 1 10.56 297.04 <0.000 1
A4 1.79 1 1.79 50.44  <0.000 1
lon 1.24 1 1.24 3478  <0.000 1
o 1.70 1 1.70 4776 <0.000 1
G 0.41 1 0.41 11.48 0.004 4
4l i% 7 Pure error 0.11 4 0.03
JSAT Sum 55.53 18

2.2.3 AL X E

FEBCE IR I E AP E N, FE T Design-expert
AR AR, LSERRIASR I £ 32,3594 H brxf AR Ik
F R RIEAT T8, 0 1R B #5 T LA AT R 1k S 15
FIOAE, 193] 5% R 0 — 4L, B9 4
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Parameter calibration of discrete element simulation model for latosol
particles in hot areas of Hainan Province

Xing Jiejie!, Zhang Rui', Wu Peng?, Zhang Xirui**, Dong Xuehu?, Chen Ying?, Ru Shaofeng!
(1. School of Mechanics and Electrics Engineering, Hainan University, Haikou 570228, China;
2.Tropical Agricultural Machinery Research Institute, Chinese Academy of Tropical Agricultural Sciences, Zhanjiang, 524091, China;
3. University of Manitoba, Winnipeg, R3T 2N2, Canada)

Abstract: Latosol is the zonal soil of tropical rainforest or seasonal rainforest in the southernmost part of China. Compared
with ordinary soil, latosol has stronger expansibility, flow plasticity and water holding capacity. In the cultivation of latosol,
there are many problems, such as high resistance, low efficiency, and serious soil adhesion of parts touching the soil. In recent
years, with the continuous improvement of agricultural mechanization level, discrete element method is gradually applied in
the field of agricultural engineering. But the existing research is mainly aimed at the soil with weak viscosity, such as sandy
soil, dry soil or rock soil. These research results are not suitable for the latosol, and there are few researches on the parameter
calibration of the discrete element simulation model of latosol. In this paper, the simulation contrast test of soil repose angle
and soil breaking resistance, and calibrate the contact parameters of the discrete element model of latosol had been carried out
with "Hertz-Mindlin with JKR" contact model in the EDEM software. The actual repose angle of latosol with moisture content
of 7.8% was measured to be 32.35 °. The recovery coefficient, static friction coefficient and rolling friction coefficient between
latosol, latosol and contact parts were measured by design test. Seven coefficients were selected as test factors by
Design-expert software and factor level was set. The repose angle was taken as test index and design parameter calibration test
was carried out. Using Plackett-Burman Design test to determine the key factors affecting the repose angle of latosol include
recovery coefficient of latosol-latosol, rolling friction coefficient of latosol-latosol, rolling friction coefficient of
latosol-28MnBS plate and surface energy. Using regressive analysis by Box-Behnken to fit the test results, and the repose angle
regression model was obtained. The regression variance analysis of the model showed that the regression model was very
significant, and the repose angle could be predicted according to the model. Taking the actual repose angle of latosol as the
objective value, the regression model was optimized, and the optimal values of four significant factors were obtained:
latosol-latosol recovery coefficient 0.40, latosol-latosol rolling friction coefficient 0.07, latosol-28MnBS5 plate rolling friction
coefficient 0.24, JKR surface energy 4.31 J/m”. The simulation experiment of the repose angle of EDEM was designed, and the
image of the simulated repose angle was processed by python. The relative error between the simulated repose angle and the
measured repose angle was 0.62%. The soil tank model was established to simulate the movement process of the breaking
blade in the latosol, and the test was carried out to compare the fitting situation of the change of the breaking resistance.
Comparion of soil breaking fitting resistance curve in numeral simulation and test, showed that the calibration of the
parameters of the discrete element simulation model of latosol was accurate and reliable.

Keywords: latosol; discrete element model; repose angle; parameter calibration; soil breaking resistance



