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Calibration of Discrete Element Simulation Parameters of Sloping Soil
on Loess Plateau and Its Interaction with Rotary Tillage Components

SUN Jingbin'? LIU Qi'? YANG Fuzeng'? LIU Zhijie'? WANG Zheng’
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
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Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China
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Abstract: Aiming at the problem of lack of accurate and reliable discrete element simulation parameters
for the research on the interaction mechanism of soil-rotary tillage components with sloping soil on the
Loess Plateau and the optimized design of special rotary tillage equipment, taking the typical slope clay
loam soil with common moisture content of 13.4% =+ 1% on the Loess Plateau as the research object, the
relevant parameters were calibrated based on Hertz — Mindlin with JKR Cohesion contact model in
EDEM. Firstly, the contact parameters between soil particles were calibrated. The simulated
accumulation angle of soil particles was used as the response value, the regression model of soil
accumulation angle was obtained based on the Box — Behnken optimization method in the Design-Expert
software. The regression model was optimized by using the measured accumulation angle as the target,
and the optimization results of restitution coefficient, static friction coefficient, rolling friction coefficient
and surface energy parameters between soil particles were 0.15, 0.33, 0.05 and 9.04 J/m’,
respectively. Under the optimal parameter combination, the simulation value of soil accumulation angle

was 41.59°, and the relative error with the measured value was 3.8% . Then, the contact parameters
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between soil and rotary tillage knife material 65Mn steel were calibrated. The numerical range of the
above three parameters between soil and 65Mn steel was obtained by static friction test, oblique plate test
and impact test. Based on this, the static sliding friction angle of soil on 65Mn steel was obtained based
on Box — Behnken optimization method. The regression model was optimized by using the measured static
sliding friction angle as the target, and the optimization results of static friction coefficient, rolling friction
coefficient and restitution coefficient between soil particles and 65Mn steel were 0. 50, 0. 06 and 0. 18,
respectively. Under the optimal parameter combination, the simulation value of static sliding friction
angle was 24.0°, and the relative error with the measured value was 1.7%. Finally, through the
comparative analysis of field test and simulation test of slope rotary tillage, it was concluded that the
maximum relative errors of horizontal and lateral displacement of soil particles were 4.3% and 5. 1%
respectively, within the acceptable range. It showed that the calibration results and research methods of
discrete element simulation parameters were accurate and reliable.

Key words: Loess Plateau; sloping soil; rotary tillage; discrete element method; parameters calibration
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Tab. 1

repose angle
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Tab.2 Results and simulation test design for soil

repose angle
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11 4 0.45 0.50 0. 10 32.38
12 4 0.45 0. 68 0.05 27.06
13 4 0.75 0.50 0.05 13.20
14 12 0.45 0.50 0.01 47. 60
15 12 0.75 0.50 0. 05 24.11
16 8 0.45 0.32 0. 10 49.55
17 8 0.75 0.50 0. 10 22.48
18 8 0.45 0.68 0.01 32.84
19 12 0.15 0. 50 0. 05 40. 34
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22 12 0. 45 0.32 0.05 50. 89
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Xf bR IR 45 SR Ry 22 03 Hr A RN SR 3
N, R IR 45 R TF g 22 ot [al A 43 B 45 3 HE AR A (el A
LAY Ny

y=41.32 +13. 11x, —12.36x, - 10. 44x, +5. 41x, +

3.50x,x, +0. 98x,x,
2. 84x,x, +4.06x; —5.43x5 —4.08x; —6.39x; +
0.75x%x, +10.76x x, +0. 085x x, —11. 15x,x3 —
0. 88x,x; +8.35x5x, — 1. 38xx, +0. 005x,%; —

9. 68x7x; —1.35x} ] (3)

I U517 i (A e R A R® = 0..994 0, 4% IE P R

¥R, =0.957 8, f1# 3 A, TR P =

0.0027 <0.01, 3 BB R 5 i 2, ] 3 Tz i

X R HERR A AT WA . AR Bk 4 DR

00, a0y o 0 T SR R Y S e 1 8 5 W M e R H

AN &y g g, FEH o o X HE B AG SE e JE

—-x,2, —0.92x,x, +1. 31x,x, -



%13

PhEME S5 B g S B A A OT O KB b 67

L A R R R 22 AR 0T b M AR A S ) 2
R WA BE, 0 0 MEREE, S
(500 A B8 2 5 oty g X 3 LAY 94 5% R I R B
% o, B E AR ER )5 — Wi 5
A& HAEF B 0N B3 5o SE B A kO
I 19 58 AR A3 OR B3

x3 HARBHNFESW

Tab.3 Variance analysis of regression model
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F 7 4 598.36 24 191. 60 27.50 0.002 7
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X, %y 48.93 1 48.93 7.02 0.057 0
X, %y 3.82 1 3.82 0.55 0.500 0
X, %, 4.00 1 4.00 0.57 0.490 8
Xy %y 3.35 1 3.35 0.48 0.5262
Xy %, 6.81 1 6.81 0.98 0.3787
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Tab.4 Intrinsic parameters of 65Mn steel

S8 Bl
W/ (kgom ™) 7865
HEE /A 0.3
5 Y] KL 5/ MPa 7.9 x 10*

PRI ARk i a0 R AR Al 1 3 0 ) AR AT
65Mn ) 2 ] # JBE 5% [R K | TR 20 B 458 PR S0 il 48 K 2
FBGEH , B n R LR KR AR E ik 3 A
28
2.1 BEZEHNE

FEAEUNIE S Br 7 B9 R 15 e AT i R 5
5, Hoh, Bz 0y R

fi =G, sind,
N, =G, cosb, (4)
fi =uN,

L 6 —2HFES,N
fH—— R EEE T N
N, —— - He i 52 3085 41, N
T EE A AR
6, — 15 7K T R A, (°)

S e 45 R 50 2 Dt B A i 5
Fig.5 Static friction measuring principle and test bench

LA 2.8 k3. 65Mn §I4R

KB RN 13.4% £1% UK A 1 em £ HIK
Wik T A R R b 2212 46 T A ek A H



68 &l #Hl

M 2= 20224

R I HEAE T U6 1V O SR G I (BT A L AR
JE R (4) TR R R 3k 3 AR R
KRS IR B A Rl S I E i R4
3] 155 65Mn N Y EFEEE N KN 0.4 ~0. 6,
2.2 RHEZERBINE

38 3 AR AR R B i ke I - 9 ik b AR
65Mn ) 22 [H] ) 7 5l JBE 52 DR B, 5 A AN 151 6 i 7 Y 7R
HIEEIRE G BARS KB B S 65Mn 5K, i
J& 25 100 mm , 7K - A 2K S J50CE AR R — E #Y A
B, S HGE AL R O . KK A 13.4% +
1% 42 S mm (9 L EREHE T w8 H, 1R )
b L3R A R 3 A Ik, WA - BR KR SR
S, EE 10K,

N,

P67 Sl R 5 P B i e B i 8
Fig.6 Measuring principle of dynamic friction
coefficient and test bench

1.65Mn #iMR 2. ZIFER 3. 18k
HRAE B S fE 8 A, 3K ) Sl e 4 o R 4R
REFE, 115N
G,H, =uG,(Lcosh, +S)
A 6,—— 1 BkE I, N
H,—— BRI U6 5 A, mm

(5)

(b) &

V7l g R A2 AR B B KR R A
Fig.7 Measuring principle and test system of collision restitution coefficient

L.65Mn R 2. 34 3.65Mn PR 4.5 H 5. ANl 6. BRds

L—— L ERAE R LR S YRS, mm
0, —— R A, (°)
IR (S) MR B B IR RO 5 8 LS
65Mn 49 [ [ & Bl EE #52 [N %0 0. 04 ~0. 2,
2.3 HiERE ZREANE
il $88 VK 52 2R AR 4 AR 3% 1) e 9 A A
O 1 G S B A ME M A A 5
A7 R 1 fh B R 65Mn K 2 Ji] 1Y
Tl 428 1 O 2R, i e B R K B T s o
TERE T AN AR [ s g, 2 ek
Fe filh 1) 65 Mn H4 A A A= Rif 48 J 80RE A0 3 B, 285
6] ¢ 5 v TR AR b, e il 48 I 1R] ¢ 3 v s B &
filf 48 1 52 AR o O

Uy

C =

; (6)

n

+

Vg = Vpsin (% -0, )

) v,

v, =v,cos | — — @, + arctan —
2 v,

2 2

vy = A/2gh, v, = /v, +7]

o TR Bk 5 65Mn 4 AR K AR A 1 S A R G2
gy, ] 1%

H3:v<‘t+%gt2 S, =t

x

X C,——1 15 65Mn 4[] 1 R 13 1 52 3 KL

byt R 5 65 Mn 40 A 10 5 0
m/'s

vy —— LBk 55 65Mn H R I A 35 1] 2
m/'s

H,—— F Ry 0 2R3 5 18] (19 58 R, mm
by —— L BRH) UA 57 2 Al AR A E) A BE R, mm
S, —— BRI A Z Al ) B K FE RS, mm
Rk A VR R A A, m/s

Yy



%13

PhEME S5 B g S B A A OT O KB b 69

0, — Rl AR R A, ()

v, —0, KI5 [ 50, m/ s
v, v, W TE EL T 0] 73, m/s

e KB R 13.4% £1% SEAEN 5 mm [R5
BRI AR O B EL DT A R A hy AR CH
vERIE . M RERIT IR N R, ITOT R R4
A5, BEOL B BRE O 100 ms, /NERVE 2R HUT , OC M
AR R ARG, 10 SR T BROM R A5 v 3 R R = 1]
RO ) ¢ IR S, o XF 10 24208 5 mm By £ 3K,
B LB 3 Yse , 45 2 6l 3K S R KR 0. 04 ~
0.6,

2.4 fRERWIZIT

P EARMER 3 S8R N R, DL+ 5
R B R B R D RS VP A B A, AT O LR AR
WR G IR S Fis il g ARk 6 s,

®5 THADHARREEAR

Tab.5 Factors and codes of soil sliding simulation test

it L HES5 65Mn ] LS 65Mn HY[H] g5 65Mn 4 [H]

WEESN B D IRSEHNEE R E R F
-1 0. 40 0.04 0.04
0 0. 50 0.12 0.32
1 0. 60 0.20 0. 60

®6 TEBIHEKEARSER

Tab.6 Simulation test scheme and results of soil sliding
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Tab.7 Variance analysis of static sliding friction angle

regression model
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Fig.9  Simulation test of static sliding friction angle
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Fig. 12 Simulation test of rotary tillage on slope
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