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Parameters Calibration of Discrete Element for Deep Application of
Bulk Manure in Xinjiang Orchard
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Abstract: The setting of contact parameters and contact model parameters between materials would
directly affect the reliability of discrete element simulation test results. In order to determine the
parameters of discrete element simulation of bulk manure in Xinjiang orchard, simplify the crushed
irregular bulk manure into spherical particles, considering the cohesion characteristics between particles
of organic fertilizer, the contact model of Hertz — Mindlin with Johnson — Kendall — Roberts was used in
simulation modeling. The method of combining simulation and physical test was used to calibrate the
discrete element parameters of bulk manure. Through the simulation of the combination of different
parameters, with the accumulation angle as the response value, the Plackett — Burman test was used to
screen the discrete element simulation parameters of bulk manure, and the parameters that had a
significant effect on the stacking angle were obtained, that was, the restoration coefficient of manure and
manure, the restoration coefficient of manure and steel plates, and JKR; the Box — Behnken design
methods was employed to establish and optimize the second-order regression model of repose angle and
significance parameter, in order to obtaine these optimal values such as the recovery coefficient between
manure and manure, the recovery coefficient between manure and steel plate and the JKR were calculated
as 0.49, 0.34,0.02 ]J/m’, respectively. Comparing the accumulation angle obtained from the simulation
with the optimal parameter combination and the physical test value, the relative error was 2. 73% . The
results showed that the calibrated parameters were reliable, which provided a basis for the optimization of
simulation parameters of the mechanization process of orchard bulk manure.
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Tab.1 Basic properties of manure

i 2k A/ %
ZH0.25~ 0.5~ 1~ 2~

W/ FK

>5 mm (g-cnf}) /%

0.5mm Imm 2mm 5 mm

B 13.69 15.91 40.82 21.02 8.56 1.496  20.32
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Tab.2 Intrinsic parameters of manure and steel plate

Rk NER /N4 By Yy L/ Pa B/ (grem )
Jix HE 0.25 1.00 x 10° 1. 496
WA 0.30 7.90 x 10" 7.850
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Fig. 1 Physical test of stacking angle
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Tab.3 Simulation parameters
S8 BE
% AR~ ATk 52 22 4 0.1~0.6
Ik A — T S e FEE 42 R % 0.3~1.0
kN —JBE JIES VR ) JBE 452 P 4K 0.1~0.5
JEE BRI &2 Z 5L 0. 048 ~0. 60
B I —4 5 R 4 DX A 0.20 ~0.86
B AE 40 ¥ 2 JEE 48 PR 4 0.1~0.5
JKR EififigE/(J-m ™) 0~0.03

2.4 FERBRSERSH
2.4.1 Plackett — Burman fifi 1% 2 56

Plackett — Burman i % i 3 i it 2% %€ H 5 0] Lz
H&NFRIMKR, B S AT 2 K[ 22 5
Mok wf i AT B g . 4 3C Plackett — Burman {4
BT LUBE AL S AR A Ay o 107 A6, Xof 47 % fih 2 B K 4
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Tab.4 Factors and levels
%
K AT AT Jo NE—Ji A JEE HE - Jege JIEE T NE 50 Wk 2 JBE NE— 5 i JE& A~ 7 2l JKR K imfig/
B T JEE 442 R TR o) B 45 DR B i JEE 45 IR 4 JEE 12 IR %% (Jom~?%)
-1 0.3 0.4 0.2 0.3 0.4 0.2 0
1 0.6 0.8 0.4 0.6 0.8 0.4 0.025

Plackett — Burman {36 7 & M &5 R 5 irw,
A~G R ZRIKFMH,H ~ L = F19), FI ] Design-
Expert 8. 0.6 "™ %t 1% 45 S kAT J7 22 43, 14
)1 fioh 2 BORN 42 fib AR SRR E ISR 6 R o i
6 I, JKR 2% 1 AE | T — 62 1K 52 2% 880 e e -
KL ZR B P < 0. 05, X8 o AT 3k AR A 1 52 ) 1 3%
MM HABZE0R) P > 0. 05, X5 JEE 8 HE AR A 52 ) AS 5 2

#* 5 Plackett— Burman X A ERER

Tab.5 Scheme and results of Plackett — Burman test

o g PR BB/
5
A B C D E F 6 H J K L (°
-1 1 -1 1 1 -1 1 1 I -1 -1 38.76
-1 1 1 -1 1 1 1 -1 -1 -1 1 34.02
1 1 1 -1 -1 -1 1 -1 1 1 -1 36.05
1

-1 -1 -1 1 -1 1 1 -1 1 36.02
1 -1 1 1 1 -1 -1 -1 40.33
1 -1 -1 -1 1 -1 1 1 31.21
1 -1 1 1 1 -1 -1 -1 1 -1 1 35.70
1 1 1 -1 -1 -1 1 -1 36.54
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Tab.6 Significance analysis of Plackett — Burman

test results

J5 22 K RO Lyl P
A 4.44 59.05 0.006 7 **
B 0.34 0.34 0.7152
c -1.77 9.36 0.109 0
D 2.70 21.92 0.0347"
E 0. 89 2.38 0.3589
F 0.49 0.71 0.6015
G 5.00 74.90 0.004 4"

Eex RARZEFEE (P <0.05), #x RAWEFWMEFH (P <
0.01). R,
58 5 82185, 76 Box — Behnken i35 7 v 1
83 AR B E S A B E N R IBUE > B
JigE T — B A i 2 452 D9 5 0. 65 Jik JIT —Ji T VR 2l 2 45 K]
B 0.3 AL 4 7 R 452 TR KK 0. 53 R NE 7R Bl g 42
PRIE 0. 3, 47 e o7 T 36 B3
2.4.2 Box — Behnken i i iR 46 Az [A] )50 Y

R A0 e 7 TR T D B e MR M S B A
tm 3 A AP TR B IR RS Al R
FHR 2 VAT AL . Box — Behnken 32 36 2 5 HU(H U0
TR o
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Tab.7 Parameter value of Box — Behnken test

JEE NS~ JIE ik 2 3 B 0.1~0.6
ik HE— Jigk A 5 2 4 PR 4 0.65
% AT — % AC VR 3 JBE 452 TR 4k 0.3
JEENE 50K 5 72 %L 0.1~0.6
% M — 444 e P 452 DR % 0.53
I JIES— 4 K 2 JEE 4 TR 4 0.3

JKR WA/ (J-m™?) 0 ~0.025

Box — Behnken iR 5% 77 58 Je 25 S 0 3k 8 fiow , &
RUEEE 3 XN R NE HE R A 5 e B 2 S8, B JKR %
T AE JRENE—BE NIk 52 2 50 -89 1k 52 R 8k i
Design-Expert AT WM 0 53 MR FES
1 B [l 5 5

6=30.92 +1.754 +0.88D +3.23G - 0. 214D -
1.07AG +0.46DG - 0. 634 +0. 041D +0. 69G”

(9)

%<8 Box—Behnken iR HFERLER
Tab.8 Design and results of Box — Behnken test

o A D G MRS/ ()
1 -1 1 0 29. 80
2 -1 0 1 34.09
3 -1 0 -1 24.19
4 -1 -1 0 27.52
5 1 -1 0 31.27
6 1 0 -1 30. 00
7 1 1 0 32.73
8 1 0 1 35.63
9 0 1 -1 29. 42
10 0 1 1 35.51
11 0 -1 -1 28.72
12 0 -1 1 32.95
13 0 0 0 31.52
14 0 0 0 30. 28
15 0 0 0 30. 65
16 0 0 0 31.48
17 0 0 0 30. 67

Box — Behnken 2 56 45 71 5 22 43 fr 45 R % 9
JiR 3RO AT IZ LGB AL P =0.000 3, #1455
BT - e 2 R (A) JKR £ H#E(6) P {H
¥I/NTF 0. 01 RNE—4N K &2 R A (D) JBENE- T NE WK &2
ZHM JKR R fE 2 B3 (AG) P AE¥ /N T 0.05,
Wt 45 2 500 HE BUA 1 B2 i e 2, 3 I [l ) A Y
MR . B P =0.114 7 >0. 05, % W fif 15 1l
U575 A2 5 S bR Bl H Al E R 25 BT S N R
TR & A A L. R Th AR R
h2.65% Ui BRI A B R 1 T SRR . deE RECH

%9 Box - Behnken iXIG#E 8 FE 5
Tab.9 ANOVA of quadratic polynomial model of
Box — Behnken test

TZEHRIE BT F i

VIR F P

kil 13.71 9 123.35  20.43  0.0003**
A 24. 61 1 24. 61 36.67 0.0005 "
D 6.13 1 6.13 9.13  0.0193"
G 83.53 1 83.53  124.50 <0.0001**
AD 0.17 1 0.17 0.25  0.6320
AG 4.56 1 4.56 6.79 0.0351"
DG 0. 86 1 0. 86 1.29  0.2936
A? 1.68 1 1.68 2.50 0.1578
D? 7.164 x107% 1 7.164 x107° 0.011  0.9206
G 2. 00 1 2.00 2.98  0.1281
Tk 22 4.70 7 0. 67

ES e 3.48 3 1.16 3.81 0.1147
afi iR 2% 1.22 4 0.30

S 128.05 16

R* =0.963 K IEHE R ¥ R2, =0.916, ¥ K F 0.9,
FUIBALBES LI S MR SE BRI O o XIS B
17. 981, Ui B A BLAT R4 RS A 52
MG O 45 R TE PR IERC A R 4F AR $2 T, 5 Bk
X HERA B I R 3 I (AD DG A* (D* (G ik
AR RY S 19 07 22 03 Br &5 R N 36 10 s, 2R AU P =
0.1327; A8 S Z¥ K 2.83% ; i 24 R® =0.928;
BEIEYLE AL R, = 0. 9045 B0 % FE Oy 21. 358,
AL B 1 R EEE DARORS M R4, Bk
BIA T — o AL s A5 o
#=30.97 +1.754 +0.88D +3.23G - 1. 074G
(10)
% 10 Box — Behnken i 3§ {4 [B] JF & B 75 = 43 47
Tab.10 ANOVA of modified model of Box — Behnken test

FERWE FHM AmE B F r
ey 118. 82 4 29.70  38.62  <0.0001*
A 24. 61 1 24.61  31.99  0.0001*
D 6.13 1 6.13 7.96 0.0154"
G 83.53 1 83.53  108.59 <0.000 1 *
AG 4.56 1 4.56 5.93 0.0315"
i 9.23 12 0.77

4 41 I 8.01 8 1.00 3.29 0.1327
afi % 7= 1.22 4 0.30

s¥ill 128. 05 16

2.4.3  [n] AT 28 BN 43 AT

MRS Ak 1 AR Ty 22 43 Fr 45 21, AT 00 e e — Jek
RE WK A 22 800 JKR 36 T8 BE 1Y 3¢ B30 (AG) X i B 119
HER A 2% (P <0.05) o 4L - IE K &2 &
$h 0. 35 I, ¥ A Design-Expert 4 22 i Ji JIE — i
NE PR 55 2 B0 JKR 2% 11 8 58 BAE FH (AG) 1y ma i il
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