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Calibration of Bonding Model Parameters for Coated Fertilizers
Based on Discrete Element Method

DU Xin LIU Cailing JIANG Meng YUAN Hao DAI Lei LI Fanglin
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract. Fertilizers play an irreplaceable role in agricultural production. In China, the use of chemical
fertilizers is large but the fertilizer utilization efficiency is low. In order to ensure the sustainable
development of agricultural production, controlled release fertilizers with high nutrient efficiency and
environmental friendliness have received widespread attention. The controlled release fertilizers adopt
polymer coating, which can quantitatively control the nutrient release amount and release period of the
fertilizer, so that the nutrient supply is consistent with the law of fertilizer demand in each growth period
of the crop, and the effect of saving fertilizer and increasing efficiency is significant. The nutrient release
characteristics of coated fertilizers are closely related to the material and structure of the coating layer. In
the process of discharging fertilizers, the discharging device will cause different degrees of mechanical
damage to some fertilizers, resulting in damage to the coating layer and affecting the nutrient release
characteristics. Therefore, it is of great significance to design a fertilizer discharging device suitable for
non-destructive discharging of coated fertilizers. In order to ensure that the numerical simulation truly
reflects the crushing of fertilizer particles, it is necessary to calibrate the parameters of the crushing model
of coated fertilizer particles. The critical crushing displacement and critical crushing load of the coated
fertilizer particles were obtained through uniaxial compression tests. With this as the goal, the Bonding
model parameters were systematically calibrated, based on sequential tests ( Placket — Burman test,
Steepest ascent test and Box — Behnken test), and finally the optimal parameters combination was
optimized. The uniaxial compression test was carried out again under the optimal parameters combination

condition. The relative error of the critical crushing displacement and critical crushing load and the actual
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value were 0.222% and 0.554% , respectively. The observed qualitative and quantitative results of

numerical and experimental approaches were in good agreement. Based on these results, comparing the

actual and simulated fertilizer particle crushing in the fertilizer discharging process, it was obtained that

the fertilizer particle crushing rate in the simulation was slightly higher than that of the actual situation.

Overall, DEM modeling better reproduced the damage of fertilizer particles in the fertilizer discharger.

Key words: coated fertilizers; Bonding model; Placket — Burman; Steepest ascent; Box — Behnken;

discrete element method
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g Tab.1 Physical characteristic parameters of material
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By YIAi i/ Pa 8.9 x10°
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Fig.6 Simulation diagram of uniaxial compression test
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2.1 Plackett — Burman % I&
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% 2 Plackett — Burman it I F = 7k F
Tab.2 Plackett — Burman test factors and levels

A%
X;/Pa

7K

X,/(N'm~) X,/(N-m~?) X,/Pa  X5/mm

1.28 x10' 4.00 x10° 8.00 x10°  0.16
1.92 x10" 6.00 x10° 1.20 x10°  0.24

1 6.40 x10°
2 9.60x10°

Plackett — Burman iR 36 7 £ 545 R U138 3 i,
FIH] Design-Expert 8. 0. 6 455 2% PR 2 2800z 43 591]
307 200 B Al o K, 25 R Nk 4 FE 7 s

B 4 LT AT, & PR R 6 BR i iR 2 A% Y,
o H R BN X X, XX, X H i X X, XY
P {H/NT 0.05, 3R B K2 0 H bR e i 25, i il 2
FEE A t-value K5 560t o] 75 0 R ARS8, H N X (X,
X H AR BIRONAE S 1E X, % B AR B RN (E A . (R
B T2 DR 2R b BIR A A 2 e Y, B Hy DR F N Ry
X, X, X, X, X,, Hd X, X, X, P{E/NTF0.05,
FHHHREXT Birs2 3, i Pareto Chart [ t-value
oz gt AT A ARS8, HO X X, (X% H bR i &L
VR (RS o

S R S BR BB FS Y, RN B B A A Y,
R B Sy

Y, =0.065952 +8.745 x 10~ "°X, =5.003 x 10 "X, +
3.417 x10 °X, +5.004 x 10 °X, +1. 584X,

Y, = —106.209 +2.275 x 10 °X, +4.768 x 10 "X, +
3.629 x 10 7°X, +1.733 x 10 °X, +633. 862X,

(4)
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Tab.3 Plackett — Burman test results

¥ 5 Xl/(N-m_S) Xz/(N-m_3) X;/Pa X,/Pa Xs/mm Y, /mm Y,/N
1 9.60 x10° 1.28 x 10" 6.00 x10° 1.20 x 10° 0.16 0.395 37.274
2 9.60 x 10° 1.28 x10" 4.00 x10° 8.00 x 10° 0.24 0.521 85.528
3 6.40 x 10° 1.28 x 10" 4.00 x10° 1.20 x 10° 0.16 0.355 31.243
4 9.60 x 10° 1.92 x10" 6.00 x 10° 8.00 x 10° 0.16 0.348 39. 621
5 9.60 x10° 1.92 x10" 4.00 x10° 8.00 x10° 0.16 0.348 39. 621
6 6.40 x10° 1.92 x10" 6.00 x10° 8.00 x10° 0.24 0. 428 75.203
7 6.40 x10° 1.92 x 10" 6.00 x 10° 1.20 x 10° 0.16 0.363 40. 406
8 9.60 x 10° 1.28 x 10" 6.00 x 10° 1.20 x 10° 0.24 0.530 97.275
9 6.40 x 10° 1.92 x 10" 4.00 x10° 1.20 x 10° 0.24 0. 475 91.781
10 6.40 x10° 1.28 x10'° 4.00 x10° 8.00 x 10° 0.16 0.357 31.481
11 6.40 x10° 1.28 x 10" 6.00 x 10° 8.00 x 10° 0.24 0.484 79. 520
12 9. 60 x 10° 1.92 x10" 4.00 x 10° 1.20 x 10° 0.24 0. 488 94.295

% 4 Plackett — Burman iR I8 & R B Z M S

Tab.4 Analysis of significance of parameters in Plackett — Burman test

77 2 K Wi N "

P L ¥ F P TR A 5y F P
A 0. 055 5 0.011 42.07 0.0001" 8 046. 936 5 1 609. 387 73.06 <0.0001°
X, 0.002 1 0. 002 9.02 0.0239" 159. 034 1 159. 034 7.22 0.0362"
X, 0. 003 1 0. 003 11. 81 0.0139" 27.941 1 27.941 1.27 0.303 1
X5 0. 000 1 0 0.01 0.9439 1. 581 1 1. 581 0.07 0.797 8
X, 0.001 1 0.001 4.62 0.0753 144. 188 1 144. 188 6.55 0.0430"
X 0.048 1 0. 048 184.92 <0.0001* 7714.192 1 7714.192 350.17 <0.0001"
bk 2= 0.002 6 0 132.178 6 22.030
S 0. 056 11 8179.114 11

T« XREFBE(P<0.05), R,

2.2 Steepest ascent % I
M P& Plackett — Burman i 56 45 5, X, XF 45 R 3%
Wi AN G5, DR s XL B0 5 x 10° Pa, BB X, |
X, X, X, W1l 4 51k 6.40 x 10° N/m’,1.92 x
10" N/m’ (8.00 x 10’ Pa 0. 16 mm , 25 K435 4 1. 60 x
Bonferroni{t A fi4.40466 10° N/m’ , =3.20 x10° N/m’ 2.00 x 10’ Pa 0. 02 mm, i/t
A FR2.44691 T Steepest ascent 155, DL — A0 51 18 It 7 52 AH 1Y
|H| D D i - SR 4, Steepest ascent IR0 )7 58 FZE AN 5 Fs .
R5 REEARBEARRE

Tab.5 Steepest ascent test program and results

X/ X,/ Xs/ Y/
i3z X,/Pa Y,/N
(N'm™3) (N-m~?%) mm mm
1 6.40 x10° 1.92 x10" 8.00 x10° 0.16 0.338 34.978
8.00 x10° 1.60 x10' 1.00 x10° 0.18 0.409 52.517
9.60 x10? 1.28 x10' 1.20 x10° 0.20 0.446 63.534

2
3
4 1.12x10" 9.60 x10° 1.40 x10° 0.22 0.510 78.411
5
6

1.28 x10" 6.40 x10° 1.60 x10° 0.24 0.596 87.509
1.44 x 10" 3.20 x10° 1.80 x10° 0.26 0.778 91.178

1301 Y R A AL S B B Al s 4 A FR
RS TR A3 % A0 A8 IR T 18 52 7% 28 4f 20 331 24 0. 45 mm
58.668 N, i 5 nJ I, fj FAX 5 b il FRAE A & Al
A3 5 LS F) ) R 22 e /N I 1 R, 2R 3 AL

7 BT F) R B B (52 B Y, 1A PR 1 A Y, 5 L S
Fig.7 Pareto Charts in,
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2.3 Box — Behnken i I§ % 6 Box-Behnken iXIEHRRLER
5 3| e 1 S L S AE 1 PR T R 6L B Y, 5 Tab.6 Box — Behnken test program and results
ey S R A ok A D X,/ X,/ X/ Y,/
fif ¥, , fii4fi Steepest ascent i 40 25 5, PE A 2 AL B X,/Pa Y,/N
IS N IS . " Nem ™3 Nem ™3 mm mm
4 41R I 9 N F 414 BBD K16 19 75 KK OF iR 5 (Nem ) (Nem )
N . ) e B 1 8.00x10° 9.60x10° 1.20 x10° 0.20 0.429 50.912
T 58 S B RN AR 6 FIiuR T3 22 o T a5 AR 7 i 2 1.12x10" 9.60 x10° 1.20 x10° 0.20 0.460 59.502
., " o
B8 7 ATHL, Y, LY, 0 U [ A A A A 3 8.00x10° 1.60 x10' 1.20 x10° 0.20 0.457 67. 451
FOHEAPIA L E, ZUBAKEE S, X, X, X, 4 1.12x10" 1.60 x 10'° 1.20 x 10° 0.20 0.501 76.627
N 9 10 6
X982 0t Y, iR/ X X, X, X, . 5 9.60x10° 1.28 x10' 1.00 x10° 0.18 0.426 50.365
e N 6  9.60x10° 1.28 x10' 1.40 x10° 0.18 0.442 49.713
X, X, X, X B B3 H XY, B8 K EN X * * )
7 9.60x10° 1.28 x10'° 1.00 x10® 0.22 0.489 78.101
XZ ‘Xl \X4O 9 10 6
8 9.60x10° 1.28 x10'° 1.40 x10° 0.22 0.501 82.113
S v S =] = 1yl ) ¥ A= =4 =N
NUET RGN R RIS G w46/ 9  8.00x10° 1.28 x10'" 1.20 x10° 0.18 0.417 46.928
AR AETEE, B Y, /Y, HARE S 3250, 45 mm | 10 1.12x10' 1.28 x 10 1.20 x10° 0.18 0.438 54.649
58.668 N, f1 £ 6 A, ik % 2.13.15 F1 19 19 11 8.00x10° 1.28 x 10 1.20 x10° 0.22 0.473 75.757
- N 10 10 6
Y];Fﬂ Yzﬁ-i?ﬁiﬁgglzﬂ?fﬁ,ﬂ XSiéjj‘j 0.20 mm,*aﬁﬁ 12 l.]2><10g 1.28)(]09 1.20)(]06 0.22 0.502 85.544
13 9.60 x10° 9.60 x10° 1.00 x10° 0.20 0.447 55.659
EIRAT N X, %) Y, ALY, B e R BN, T LI GE
FEHR AT X R Y, MR B de /N T LA BEE 14 9.60x10° 1.60 x 10" 1.00 x 10° 0.20 0.474 68.583
2k B fH S R
YRR ALY 15 9.60x10° 9.60 x10° 1.40 x10° 0.20 0.467 55.823
Y, =0.45 mm 16 9.60 x10° 1.60 x 10" 1.40 x 10° 0.20 0.497 75.251
Y, =58. 668 N 17 8.00x10° 1.28 x10' 1.00 x10® 0.20 0.421 57.637
0 ) 0 s 18 1.12x10" 1.28 x10'° 1.00 x10° 0.20 0.484 69.357
8.00 x10" N/m <X, <1.12 x10" N/m . " .
(5) 19 8.00x10° 1.28 x10'° 1.40 x10° 0.20 0.437 57.564
9.60 x10° N/m' <X, <1.60 x10" N/m’ 20 1.12x10" 1.28 x 10" 1.40 x10° 0.20 0.520 77.509
X =1.2 x10° Pa 21 9.60 x10° 9.60 x10° 1.20 x10° 0.18 0.419 43.007
. =1
22 9.60 x10° 1.60 x 10" 1.20 x10° 0.18 0.442 56.567
X5=0.2 mm 23 9.60 x10° 9.60 x10° 1.20 x10° 0.22 0.510 73.710
. [_, ™. S >, ~,
F|H Design-Expert 8.0. 6 % i#t 17 1 fL 3K i, 24 9.60x10° 1.60 x10" 1.20 x 10° 0.22 0.544 90.897
BE X, X, X, X 4k 9.978 25 x 107 N/m’ | 25 9.60 x10° 1.28 x10'° 1.20 x10® 0.20 0.452 63.534
9 10 6
1.033 75 x 1010 N/m3 \1. 20 x 106 Pa\O. 2 mm EVJ‘,YI R 26 9.60 x10° 1.28 x10" 1.20 x10° 0.20 0.440 63.534
N . N 27 9.60 x10° 1.28 x10" 1.20 x10® 0.20 0.442 63.534
V.23 5% 0. 450 mm 58. 668 N, % {f fb 3 fif 1% 51 1y 9 . 6
P o P iy 28 9.60 x10° 1.28 x10' 1.20 x10° 0.20 0.455 63.534
5k S e R -
SHRALG AT U5 FLRE, 5 2 Y, Y, 0 FLAE O 29 9.60 x10° 1.28 x10' 1.20 x10° 0.20 0.459 63.534
0.451 mm 58.993 N, 5 F S2{H /9 A 4 3% 22 43 51 0
KT HENWH
Tab.7 Analysis of variance
) Y, Y,
Ryl A ¥ F P Ryl i ¥ F P
LY 2.807 x 102 14 2.005 x10 3 9.828 <0.0001*  4104.042 14 293. 146 69. 610 <0.0001*
X, 6.120 x10~* 1 6.120 x 10 3 30. 004 <0.0001* 373. 406 1 373. 406 88. 669 <0.0001*
X, 2.791 x10 73 1 2.791 x1073  13.682 0.0024 780. 246 1 780. 246 185.277 <0.0001*
Xy 1.261 x 10 ° 1 1.261 x10 73 6.181 0.0262* 27.821 1 27.821 6. 606 0.0222
X; 1.577 %1072 1 1.577x1072  77.306 <0.0001*  2848.780 1 2848.780 676. 471 <0.0001*
XX, 4.225 1073 1 4.225 %1073 0.207 0.656 0 0. 086 1 0. 086 0.020 0.888 7
XX, 1.000 x 10 ~* 1 1.000 x10™*  0.490 0.4953 16.912 1 16.912 4.016 0.064 8
X Xs 1.600 x10 3 1 1.600 x 10 3 0.078 0.7835 1. 066 1 1. 066 0.253 0.6227
XX, 2.250 x10°° 1 2.250x10°%  0.011 0.9178 10.572 1 10.572 2.510 0.1354
X, Xs 3.025 x10 73 1 3.025 x10 73 0.148 0.706 0 3.289 1 3.289 0.781 0.3917
X4 X5 4.000 x10°° 1 4.000 x10 ¢ 0.020 0.890 6 5.438 1 5.438 1.291 0.2749
X; 6.926 x10 ¢ 1 6.926x10°°  0.034 0.856 4 9. 261 1 9.261 2.199 0.1602
X; 1.370 x 10 ~* 1 1.370 x10 ~* 6.717 0.0213" 1.713 1 1.713 0. 407 0.5339
X; 5.590 x 10 ~* 1 5.590 x 10 ~* 2.741 0.120 1 6. 164 1 6. 164 1. 464 0.246 4
Xz 5.293 x10°* 1 5.203x10°*  2.595 0.1295 30. 947 1 30. 947 7.349 0.0169 *
T2 2.856 x10 73 14 2.040 x10~* 58.957 14 4.211
P 2.583 x10 2 10 2.583 x10 4 3.781 0.105 8 49. 891 10 4.989 2.201 0.2324

ps¥il 3.092 x10 72 28 4162. 999 28
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Fig. 8 Fertilizer particles crushing test
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