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Calibration Method of Friction Coefficient of Granular Fertilizer by
Discrete Element Simulation
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Abstract: Whether the contact parameters between materials are set correctly affects the reliability of the
results of discrete element simulation test. At present, the calibration method of contact parameters in
discrete element simulation is still in the exploratory stage. Plackett — Burman multi-factor significance
screening test was carried out for four kinds of particle characteristics test methods ; split cylinder method ,
tilt method, drawing plate method and inclined plane method. The analysis of variance of test results
showed that the significant factors and factors influencing the measurement results were different from
each other. According to the results of variance analysis of split cylinder method, inclined method and
inclined plane method, a method of friction coefficient calibration based on the overall characteristics of
particulate materials was proposed. The simulation test was combined with the real test, and the static
friction coefficient between the urea particles and the PVC material was 0.41, the static friction
coefficient between the particles was 0. 36, and the rolling friction coefficient between the particles was
0. 15. The calibrated coefficients were validated by the bottomless cylinder method. The angle of repose
simulation test results was 30. 57 degrees, the real test results was 31. 74 degrees and the relative error
was 3. 69% . Under different water content conditions, the relative error between the actual test angle of
repose and the simulated angle of repose under the calibrated coefficients was not greater than 4.59% .
There was no significant difference between the simulation results and the real test results. The validity of
the calibration coefficients was verified by the test results. This method can be used to calibrate the
friction coefficient of other granular materials.
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Tab.1 Basic material parameters

R 28 il

SE/N A 0.25 ~0.51013-13]
PAVERE L/ Pa 8.2 x107 ~8.9 x 107110
" YY1 &/ Pa 2.30 x107 ~3.56 x 10717
RIS FE/ (kgm ™) 1337
BRIER/ % 85 ~96
LA Fl/mm 1. 60 ~5.00
HEL/N =" 0.32~0.47
i PVC Sy Pa 2.04 x10° ~5.68 x 10°
I/ (kgm ™) 1282

1.2 B H*E
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Fig. 1 Image processing by using Matlab software
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Fig.2 Simulation of angle of repose of split cylinder method
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Fig.3 Simulation of angle of repose of tilt method
1ERE 2. ke
bR 05 HLR A 4 R KO IR & TR XY
5% K 80 mm WY IE B, K O 1K & B
150 mm , B 45 R 25K 5 1 A T30 B P O 2R R 3R
KL, R UKL = 3V TR LRSS, KD (A — I ) 35 2



118 P

Al

Moo R 2020 4F

ML 0. 002 m/s A8 T BT U2 B ) $2 ), O 22 BE T
SCPER ORI A IR, R e JE I R EAR A

K4 kb A

Fig.4 Simulation of angle of repose of side plate

lifting method
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Fig.5 Simulation of inclined plane method

2.2 fFERRE

F RN B BEA T PVC BRI T T2 A K&
SRR A B A3 RS I LG A8 B AS ] 23 % B4R AR AT
SR AR, KRBT PVC ARERSIA R L | BY
Yt sgm R 2, 2k i 10 MR A7 3%
PR R, T e 5 e k2 R R IR R 5 KF
W2,

% 2 Plackett — Burman X1 E &k F

Tab.2 Factors and levels of Plackett — Burman experiment

IR E AR -1)  wAKF()
FREFEIAFALE A 0.2 0.5
JREFI VIR B/ Pa 2.3 %107 3.6 x107
K PVCIAML € 0.30 0. 50
B PVC By VIR D/Pa 2.0x10° 5.7 x10°
PRE-PREMTERE RZEE 0.1 0.6
PREFE-IRFE W EERE B F 0.1 0.7
PREIRZ IR B EHE R 6 0.01 0.30
PR#E- PVC WK E ZE H 0.1 0.6
PREF—PVC FREESEE KL T 0.1 0.7
JRE - PVC IR BhEEHE N K 0.01 0.30

I FH Design-Expert 8. 0. 6 # {4 #£ 1T Plackett —
Burman 30 i% 11, 5050 £ 5K 3 /R, a ~ k RN
AR PR R X KPR, L 5 R 23 8 g ALK
5558 B (4 05 EL S A A EDEM 80k b JEA TR -
P HAAE

% 3 Plackett - Burman {38 75 &

Tab.3 Scheme of Plackett — Burman experiment

FS a b ¢ d e f g h j k L
1 1 1 -1 1 1 1 -1 -1 -1 1 -1
-1 1 1 -1 1 1 1 -1 -1 -1 1
1 -1 1 1 -1 1 1 1 -1 -1 -1
-1 1 -1 1 1 -1 1 1 1 -1 -1
-1 -1 1 -1 1 1 -1 1 1 1 -1
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|
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|
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1 1 1 -1 -1 -1 1 -1 1 1 -1
10 -1 1 1 1 -1 -1 -1 1 -1 1 1
11 1 -1 1 1 1 -1 -1 -1 1 -1 1
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

T PRIBIE S BURHE bk R 4 RSOk
RN vk A BEas Rk 4,
% 4 Plackett — Burman iXI§ %5 R

Tab.4 Results of Plackett - Burman experiment

(°)
o aWEfEE Rk EiliETRES ERAINRES
1 30. 16 15.32 12.29 5.85
2 34.88 16.21 14. 66 5.85
3 35.67 15. 84 13.00 5.90
4 23.40 26. 62 18. 14 39.95
5 28. 88 32.34 25.45 39.95
6 34.07 35.00 21. 68 39.95
7 22.91 11. 64 9.57 5.85
8 30.20 32.52 22.53 39.95
9 23.17 26.72 15.97 39.95
10 19. 02 11. 39 9.79 5.85
11 20. 03 22.70 10.98 39.95
12 18. 88 11. 18 8.86 5.85

X 3 BURHE SB ARk T 30 E 1Y
SERPEATTT 25000 AR TR Y 10 AN PIE ISR 1 A
SO R, J7 22 T A R N 5 ~ 8 Fms

ORI BT 1207 28 0 W 45 SRR B B 3% DR [A) i
JRE 45 DR RONT A1) 1 000 IR L 7 0 R A
F | IRFIIURLIA1R B BEHEE D BON R (1 A .25, 0
AT XA LR A 8 A 3 AR B 0 5 R IR
8 A 22 SAE T - G [58 f] 32% B TR J00RE M Ji 1 45 18
AR i, OR 5 6 AR 18] A 452 PR EIOR IR L
7 AR T AR 5 2k v - ST ORLE T 7 %
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Tab.5 ANOVA of test result of split cylinder method

T 22K UR A ¥ p
57 54.34 43.29 0.0324"
A 0.5 0.76 0.194 6
B 0. 065 0.013 0.7520
C 0. 34 0. 34 0.278 7
D 0.57 0.98 0.1720
E -0.12 0. 047 0.574 6
F 11.08 367.97 0.009 1 **
G 4.49 60. 44 0.0224*
H -0.19 0.10 0.4507
J -0.30 0.26 0.3136
K -0.81 1.96 0.1231

.o FREE (p<0.05), =+ FmP B (p<0.01), FF,

F6 MRAEFRWAENNER
Tab.6 ANOVA of test result of tilt method

T ZEARAR BN Y5 p
LAY 42.92 88. 00 0.0345"
A -1.33 5.33 0.1134
B 0.013 5.333x10°* 0.964 7
C -1.18 4.18 0.1277
D -0.62 1.17 0.2340
E -1.30 5.10 0.1159
F 6.16 113.96 0.0248"
G 1.10 3.61 0.1372
H 0.54 0. 86 0.2677
J 15.72 741.36 0.009 7 **
K 1.22 4.49 0.1233

®7 WRERBHTESTER
Tab.7 ANOVA of test result of side plate lifting method

T3 28R RO ¥Jr Al p
HLHY 340. 88 34.09 0.1716
A -2.37 16.90 0.1949
B 0. 64 1.23 0.5503
C -0.54 0. 86 0. 604 6
D -1.86 10. 38 0.2440
E -0.12 0. 046 0.896 2
F 6. 05 109. 81 0.078 5
G 0.52 0.81 0.614 1
H 2.34 16. 43 0.1975
J 7.76 180. 81 0.0613
K 1.10 3.61 0.3819

fih 43 2 OREAS B | T LA T R 183 75 X6 v R 7]
PP {58 DR R 0B [1] 7 B0 JEE 458 DR S0 RO 45 X 6 44
el ) 6 PR 458 DRSO P 1 e o 2 2 AT AR £
¥ PP SUPR 3 A ] e FEE 4558 DR KA0RT PR 2 J0RY. (1] 7R 2l g
b ORI NI R AR TE
(BUARRE T 22 73 Mra SRR W], DR R W0RE 5] 7 B 452
PO BURHZ I E PR 1E A 45 R 2 2%, JR &
KI5 PVC BB a] i EE45E D RO R L A S 8 2%
At PR LA R R A 2 3 7 e e v R 7

HJVEF T A E B % $h G 0 BORLA BT R AE PVC
faT N RETHT b, 7R UKL PVC WA} R] i 2R 482 0 B0k
)RS T BRI UKL B [ B 8 K 1 il
Bl A TARRRT RS, B2 PO 2R T 5 7K - T i
FIR B —E (I, BURLA] LB S PVC AR Y
J1EE PR AT, WORLRER T 46 ), (AR - £ iR
LA/ NG N BESh , 4EFrRa e (H

AR 12 5 25 53 B it T LA Y, DR 2R 0K [R]
it PE 52 RLBSORT IR 3R JBORL 5 PG A Fe ] 2 452 DR 4
A IE SRR X T5 A0S M N A B35 25 57 i S 1t
FRE TG RARL, H p JIAB R 82 20K, i B
FHRIE AT A 2

£8 HEFRRHESHER
Tab.8 ANOVA of test result of inclined plane method

g+ 3 BN Y397 p
R 64. 60 348. 67 0. 000 6 **
A 8.333x107%  2.083x107* 0.5000
B -8.333x107% 2.083 x10°* 0.500 0
c 8.333x107%*  2.083 x10~* 0.500 0
D 8.333x107*  2.083 x10~* 0.5000
E -8.333x1073 2.083x10°* 0. 5000
F 8.333x107%  2.083x107* 0. 500 0
G 8.333x10°%  2.083 x10~* 0.5000
H 8.333x107*  2.083 x10~* 0. 5000
J 34.09 3486. 73 0.0002 *
K -8.333x1073 2.083x107* 0. 5000

WHIE Ty 220 W R UL S PVC BRI
PR JEE DR RSOV 45 2R Wi B 2 3, LA PR 3 Xl
SERA W B T RHAE XA BURLS PVC [H]
JEE5E R Kb 2 B T A7k

HRAE b AR5 B8 3 T 45 5, $2 Hh — P I 1
LR AR 1) B 4 TR 5 b o2 vk, B4 BLial
SIS G, R RN RNE R R
1% PR 2R AU 1] 5 4 PR 0 PR 3R UL [ VR ) JEE 4
P PR OB 5 PVC WA} ] e 458 PR 456X 3 > [A
RAThRE , KR 7T ANHES AL RFZNMR L
0.25, R EZEFTYIFIE 3.4 x 107 Pa, % PVC A L
0. 47,55 PVC B 2 x 10° Pa, JR 2% 0k 0] Al
IR 78000, 28, IREFUKLE PVC A4 kHR] RiffE K 2
ZH00.35, JRZE WKL S PVC BR)E) 7 3 PE 48 R 8K
0. 04, 11 iR 28 00k (1] B2 8 DRV BSUAE S AN S 4R, 1
SERLAE A 0. 50, IR 28 Uk 0] 7 o1 B 48 R B R AN AR
SR BERUE S 0. 08,

3.1 REFHE PVC HEEEERBIRE
#£ EDEM F4: b Xf JR R WUk 5 PVC 1] 2 5
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Fig. 6  Fitting curve of static friction coefficient between

urea particles and PVC
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Fig.7 Test by inclined plane method

3.2 REHHNEEFEEESIRE

FEMURHL PR 2R 5 2 P 0o X SO [v] g 2
PR ECRUTORE 5 PVC R RH ] 0 B 462 R B30 i) ik 2%
DR 7 1 5 s 22 9 B0KE 5 PV.C A Rk ] i EE 42 TR
B0, 41 1EH [ (., XoF PR 2 J0R [v] B8 182 DR BG4 T
AR HAR g, IR VB B AE 0.05 ~0.40 Z
], ] B A 0. 05, & B PR 28 0k (1] # 58 452 DX 45 7
0. 05 ~0. 40 i [l N AR 1 A 3R T R WA (an
8 i), MURLTE 2% 6 ff B DR 3R TR ) i JEE
PEDRE w, —WRITHUA T RN

B = —74. 51 +93.756p, +12.053

(0.05<u,<0.40) (R*=0.9945) (2)
~ 40
&35
E 30
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Fig. 8 Fitting curve of static friction coefficient

between urea particles
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Fig.9 Test of measuring angle of repose by tilt method
3.3  FRLENR Bh R E AR E
TE 53 VARG AT 12 DR 3Rl 28 P 3 X e R, ]
JEEAEE DR RARORE [H] VR 20 BE 82 KBS e W 35, 4 PR 22
T EE FE R K 0. 36 ISR 5 PVC M4 R a] i 8 452
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