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Simulated Contact Parameters Calibration and Experiment
of Controlled-release Fertilizer Particles
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Abstract: The contact parameters affect the discrete element simulation results of controlled-release
fertilizer particles. In order to accurately simulate the mechanical behavior and motion law of controlled-
release fertilizer particles, the contact parameters of controlled-release fertilizer particles were calibrated
and experimented based on the discrete element method. Firstly, the basic model of controlled-release
fertilizer discrete elements was established, and the contact parameters between controlled-release
fertilizer particles and PVC panels were calibrated in EDEM by combining bench and simulation
experiment. Secondly, the collision recovery coefficient, static friction factor and rolling friction factor
between controlled-release fertilizer particles and PVC plate were measured by collision bounce
experiment, slope slip experiment and inclined rolling experiment to be 0.539, 0.507 and 0. 105,
respectively. Finally, through the accumulation experiment, the steepest climbing experiment and the
orthogonal rotation combination experiment, the collision recovery coefficient, static friction factor and
rolling friction factor between controlled-release fertilizer particles were obtained as 0.38, 0.25 and
0. 09, respectively, and verified by bottomless cylinder lifting experiment and fertilizer discharge bench

experiment. The experiment results showed that the relative error between the actual value of the
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accumulation angle and the simulation result was 1. 54% , and the relative error between the actual value
of the discharge amount and the simulation result at the four speeds was 4.38% , 4.23% , 4. 41% and

4.36% , respectively, and the contact parameters of the calibrated controlled-release fertilizer were

accurate and effective, which can provide data and model support for the simulation of controlled-release

fertilizer discrete elements.

Key words: controlled-release fertilizer; discrete element method; contact parameter; calibration

experiment; stacking angle
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Fig.1 Controlled-release fertilizer granules
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Tab.1 Controlled-release fertilizer granule shape

and size parameters

P K% i BT FRER HEE
L/mm W/ mm mm D/mm @/ %

i RAH 4.78 4.46 4.51 4.78 95.16
fe/ME 3.14 2.81 2.88 2.71 93.28
A 3.96 3.64 3.70 3.75 94.22
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Fig.2  Size distributions of controlled-release fertilizer particles
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Fig.3 Controlled-release fertilizer spherical simulation model
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Tab.2 Crash recovery coefficient simulation

experiment scheme and results

Fe A, B, /mm
1 0.35 19. 92
2 0. 40 25.58
3 0. 45 32. 16
4 0. 50 39. 69
5 0.55 48.17
6 0. 60 57.61
7 0. 65 68. 06
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Fig.4 Collision recovery coefficient fitted curves
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Fig.5 Static friction factor bench calibration experiment
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Tab.3 Static friction factor simulation experiment

scheme and results

Ee) Ay B,/(°)
1 0.35 17.51
2 0. 40 18.55
3 0. 45 23.38
4 0.50 26. 57
5 0.55 30. 11
6 0. 60 33.54
7 0. 65 36. 87
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Fig. 6 Static friction factor fitted curve to inclination angle
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Tab.4 Rolling friction factor simulation experiment

scheme and results

5 A B;/mm
1 0. 05 163.29
2 0. 06 131. 67
3 0.07 108. 33
4 0.08 89.20
5 0.09 76. 60
6 0.10 65.20
7 0.11 57.50
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Fig.8 Rolling friction factor fitted curve to horizontal

rolling distance
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Fig.9 Controlled-release fertilizer particle

accumulation experiment
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Tab.5 Experiment scheme and results of the

steepest climb

F5 & 0/(°) &%
X, X, X5
1 0.15 0.20 0.03 10. 52 46. 87
2 0.25 0.22 0. 06 11.27 43.08
3 0.35 0.24 0.09 14. 44 27.07
4 0.45 0.26 0.12 20. 20 2.02
5 0.55 0.28 0.15 24. 60 24.24
6 0. 65 0. 30 0.18 28.55 44.19
7 0.75 0.32 0.20 29. 40 48.48

P10 5 0 M0k E UM I 6 45 2R

Fig. 10 Controlled release fertilizer particle stacking

angle diagram test results
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Tab.6 Simulation experiment factor coding

i 1
-1.682 -1 0 1 1.682
X, 0.29 0.35 0.45 0.55 0.61
X, 0.23 0.24 0.26 0.28 0.29
X, 0.07 0.09 0.12 0.15 0.17

MR 7 B 59 A5 3 19 Bl , 0 #PF Design-
Expert 10. 0. 7 X} B30 45 1 (2 7) #47 Z2 ot A
LA BRI R M R WHEH 7 8 R
R, =9.76 +2.32X, +1.73X, +4.96X, -1.01X X, -
2.12X,X, - 1.81X,X, +0.081X] +1.54X; -0. 037X

(15)
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Tab.7 Simulation experiment scheme and results

5 AR R/(%)
X! X, X,
1 1 -1 -1 16. 34
2 0 0 0 20. 62
3 0 0 0 22.51
4 0 1. 682 0 27.53
5 0 0 1. 682 26.01
6 0 0 0 18.95
7 1. 682 0 0 27.23
8 -1 -1 1 25.94
9 -1 1 1 30. 80
10 1 -1 1 30. 69
11 0 0 -1.682 12.87
12 1 1 -1 24.39
13 0 0 0 17. 89
14 -1 -1 -1 10. 17
15 -1 1 -1 15.19
16 0 0 0 19. 85
17 0 0 0 18. 84
18 0 -1.682 0 20. 31
19 1 1 1 24.45
20 -1.682 0 0 16. 49
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Tab.8 Analysis of variance
UEE 3 SO A i F p
REAY 8.18 9 16. 89 <0.000 1 **
X, 1.25 1 20.45 0.0013 "
X, 0. 66 1 11.25 0.008 5
X, 5.19 1 91.56 <0.000 1 *
X, X, 0. 093 1 1.69 0.2012
X, X, 0.57 1 12. 62 0.008 8
X, X, 0.42 1 7.86 0.0189"
X3 0. 079 1 2.61 0.2156
X3 0.41 1 0.63 0.0193"
X3 0.031 1 0.4783
W% 0.52 10
K 0.38 5 2.03 0.2416
2 0.25 5
eyl 8.76 19

T KA WEH (P <0.05) , = LA (P<0.01),

AR [ 020 7 e 0 3 A 310 25 TR 3R 28 AR I A
ST 8 W 57 TR, A 1L R o
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Surface views of response interaction factors to simulation stacking angles

Fig. 11
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Tab.9 Comparison experiment stacking angle results

*)

(16)

5 I {E LEYE
1 20. 12 19.13
2 19.88 19.90
3 18.95 18.75
4 20. 56 20. 34
5 21.34 21.19
T3 1E 20. 17 19. 86

(a) B (b) PR
P12 X H T g i

Fig. 12 Comparative validation experiment process diagram
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Comparative validation experiment process diagram

Fig. 13
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Tab.10 Comparison results of the test fertilizer discharge
e/ s HEHE i/ (gos ™) FHE MR
(romin~") . I 2 3 4 5 (g5 1) %

i 50. 15 50. 23 49.78 49. 65 50. 11 49. 98

30 17 H A 52.86 52.24 51.78 52.46 52.03 52.17 4.38
RG] 68. 30 67. 68 70. 24 70. 74 69. 82 69. 36

40 1 EAH 72.25 72. 16 71.79 72.03 73.24 72.29 4.23
R (H 83.42 83.54 84.08 86. 82 84.36 84. 44

30 1 2L 88. 47 88. 15 88.91 87.53 87.72 88. 16 4.41
R 100. 36 100. 57 101. 11 100. 87 99.97 100. 58

60 1 B 105. 33 105. 89 104. 26 105. 12 104.27 104. 97 4.36

(2) 38 i+ EDEM 2k 47 42 8 IL kL &5 PVC
Bz A4 fih Z80hr 2 o 455 6 AR5, 23 ) % il
RSBk AR I Bl Ik R AR IR UR Bl X i R JIE
Ki55 PVC A (8] B4 filf 488 16 5228 K0, i 45 DR RO
S EE B R AT T AR A€, 23 B 0.539 0. 507 Al
0.105,

(3) i ik E B 0 O 9, 0 2 e A 0 4 R JIE
TOUREL 8] Pl f28 K 52 2 00 B 4 TR 0 5 0 gl B 4 T
o DR BENC B 56 45 2 19 DI R 5 R, 24T
=R TR R IE S A A B R, DLBURL
) il 488 K 52 2 50 R 48 DX IO IR B0 g 48 T 800 K
B ER DUy B 50 HE AR O 45 B, JF A Design-

Expert 10. 0. 7 #X{}: central — composite 5 B %2 56 41
P EAT 1A 73 B 308 5 ) L T SR R AR R L S
3 2 I U 22 [ Al 8 0K 52 % 0 B 4 DR ORI 7R
B BE TR 85043 5l 4 0.38 .0, 25 F11 0. 09,

(4) 35 T i B 4 THal 5 5 HENE 56, X B
b BT B2 B AT S0 AE , 23 0l AT 2 4 5
R o X A B 92 bR g Sy e HE R A
P AR XTI 22 1 1. 54% ;3 LA 8 & 4R 50 5
D5 FAREHRIC &, 76 4 Fh e 3T, A X R 22 20 0 O
4.38% 4.23% 4. 41% 4.36% , T {545 F it — 2 5
UE Y HOT 7 L AT S, AT S HE S BILAL B3t A
A it 7 Bk 4

2 % X W

(1] OCH: KR, EREV, % ERAL R RSS - EMARFNR]. MYE IR 5IEE 34, 2019, 25(4) :
639 - 646.

GUAN Rui, ZHANG Min, ZHUGE Yuping, et al. Single basal application of controlled release nitrogen fertilizer improve yield
and nitrogen use efficiency of foxtail millet[ J]. Plant Nutrition and Fertilizer Science, 2019, 25(4) : 639 - 646. (in Chinese)

(2] #kigGE, FREB, BOE, . EBIKRR S HERESEZRERS " E AR NP R (1], Y8 R 50k R,
2019, 25(12) ; 2122 -2132.

YAO Yuanyuan, WANG Xiaoqi, YANG Yuechao, et al. Yield and economic profit synergism of controlled release urea and
fulvic acid in rice-wheat rotation system[ J]. Plant Nutrition and Fertilizer Science, 2019, 25(12) ; 2122 —2132. (in Chinese)

[3] HBU, LA, K, % Z/EBRIERRIVRETER A7 Ry TS [J]. R4k, 2022, 12(1) : 22 -27.
ZHAI Caijiao, CUI Shiyou, ZHANG Jiao, et al. Development status of slow/controlled release fertilizers and their application
prospects in agricultural production[ J]. Journal of Agronomy, 2022, 12(1): 22 —27. (in Chinese)

(4] BEMH, D0, FH Ik, 5. BHOTEEL) TROFE i SR AR EELT]. Rl L A% iz ,2021,52(4) ;1 -20.

ZENG Zhiwei,MA Xu,CAO Xiulong,et al. Critical review of applications of discrete element method in agricultural engineering
[J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(4) :1 —=20. (in Chinese)

(5] BEwe Juik, FAEAL, 55, Mk A B wi TR G A T BOTH R S8R SR8 [ T]. R4, 2022, 53(8): 14 -22.
LIAO Yangyang, YOU Yong, WANG Decheng, et al. Parameter calibration and experiment of discrete element model foe mixed
seeds of oat and arrow pea[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(8): 14 -22. (in
Chinese)

[6] FRE, RMUA, 2K, % HREIEM RO AT 52 80na [J]. R AL, 2023, 54(5) : 91 - 100.
CHEN Tao, YI Shujuan, LI Yifei, et al. Establishment of discrete element model and parameter calibration of alfalfa stem in
budding stage[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(5): 91 —=100. (in Chinese)

[7] ZHANG Jinxia, CHANG Zhenjia, NIU Fusheng, et al. Simulation and validation of discrete element parameter calibration for
fine-grained iron tailings[ J]. Minerals,2022,13(1) :58 - 58.

(8] M= AM.HK.%. MTHBoTH MR ESEIE SREE[T]. BRI R4, 2022,41(6) :286 -295.

GUO Sanqin, WAN Peng, YANG Jun, et al. Discrete element based calibration and test of simulation parameters for fish feed



90

PSS A1 M | = O 14 2024 4

[9]

[11]

[12]

[13]

[14]

[16]

[17]

[22]

[23]

[J]. Journal of Huazhong Agricultural University, 2022, 41(6) : 286 —295. (in Chinese)
UCGUL M, FIELKE J] M,SAUNDERS C. Three-dimensional discrete element modelling of tillage: determination of a suitable
contact model and parameters for a cohesionless soil[ J]. Biosystems Engineering,2014,121; 105 - 117.
W B, RO, 5. T R BOCi R Y AR SRR e [T ] A R RS KRB (B AR ) L2021,
34(1) .49 -57.
YANG She, ZHENG Mingjun, WU Wenjiang, et al. Calibration of physical characteristics of wind sand particles based on
discrete element method[ J]. Journal of Shijiazhuang Tiedao University ( Natural Science Edition), 2021, 34 (1) . 49 - 57.
(in Chinese)
ZHOU Y C, XU B H, YU A B, et al. An experimental and numerical study of the angle of repose of coarse spheres[J].
Powder Technology, 2002, 125. 45 - 54.
i, RS A AR SR T TKR HE AR O RBURL S BOT S8R 2 [T]. P ER R EOR , 2021, 27(6) @ 60 - 69.
HAN Wei, WANG Shaozong, ZHANG Qian, et al. Discrete element parameter calibration of micron sized powder particles
based on JKR contact model[ J]. Chinese Powder Technology, 2021, 27(6) : 60 —69. (in Chinese)
AT U T, R4 ORI R B BT Oy BB 3 RV Ohr 8 7 IR ST [T ). Al WURA=4R , 2020, 51(2): 115 -122,142.
WEN Xiangyu, YUAN Hongfang, WANG Gang, et al. Calibration method of friction coefficient of granular fertilizer by
discrete element simulation[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(2) . 115 - 122,
142. (in Chinese)
T, AR XNE 5. RRACRPRE R AE X TRk B 52 [T]. Rl TR 24,2020, 36(1) : 59 - 66.
ZHANG Hongjian, SHI Shaojun, LIU Shuangxi, et al. Effect of different fertilizer shape characteristics on fertilizer sphericity
[J]. Transactions of the CSAE, 2020, 36(1): 59 —66. (in Chinese)
B, B, XMR A, F AT S BOTOy B SRR S8 bn e SR [ ] ARAUAH, 2023, 54(5) ¢ 121 - 130.
ZHANG Xirui, HU Xuhang, LIU Junxiao, et al. Calibration and verification of bonding parameters of banana straw simulation
model based on discrete element method[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(5) .
121 - 130. (in Chinese)
AR, EhER, BN, 5. AT BT R IE RS PVC R Z B F S8R [J]. RIS, 2024, 46(1):
54 - 58.
ZHAO Jiajia, HAN Jing, HAN Han, et al. Calibration of simulation parameters between granular fertilizer and PVC plate
based on discrete elements[ J]. Journal of Agricultural Mechanization Research, 2024, 46(1): 54 -58. (in Chinese)
TR, X, Br/h i 4. BETEHOTH S LR P ESEGRE SRR T]. RALAUR i, 2020, 51(2): 123 - 132.
YU Qingxu, LIU Yan, CHEN Xiaobing, et al. Calibration and experiment of simulation parameter for Panax notoginseng seeds
based on DEM[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(2): 123 —132. (in Chinese)
GONZ LEZ-MONTELLANO C,FUENTES J M,AYUGA-TELLEZ E et al. Determination of the mechanical properties of maize
grains and olives required for use in DEM simulations[ J]. Journal of Food Engineering, 2012, 111(4) . 553 - 562.
TR R0 X R L A R BORORE 55 1R B BT 07 LS bR 8 Ik E s [T ] RO LR A i, 2022, S3(HE ) 1) .
69 -77.
ZHANG Rongfang, ZHOU Jilei, LIU Hu, et al. Determination of interspecific contact parameters of corn and simulation
calibration of discrete element[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53 (Supp. 1) : 69 —
77. (in Chinese)
TR, BT, BRRAG 5. SO T BOTi S8R E S HERR R[], R AL, 2022, 53(3): 71 - 79.
ZHANG Shengwei, ZHANG Ruiyu, CHEN Tianyou, et ai. Calibration of simulation parameters of mung bean seeds using
discrete element method and verification of seed-metering test [ J]. Transactions of the Chinese Society for Agricultural
Machinery, 2022, 53(3);: 71 =79. (in Chinese)
XU SCHC A, 230, 5. ST R BT D B BB B2 [T]. APk, 2018, 49(5) : 125 - 135,142,
LIU Wenzheng, HE Jin, LI Hongwen, et al. Calibration of simulation parameters for potato minituber based on EDEM[J].
Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(5) . 125 -135,142. (in Chinese)
B BT A RN SR SO ZE AT B s BOT i LB ERE [T]. AU, 2020, 51(6) : 73 -82.
LIAO Yitao, LIAO Qingxi, ZHOU Yu, et al. Parameters calibration of discrete element model of fodder rape crop harvest in
bolting stage[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(6) : 73 —82. (in Chinese)
SUN Jingwei, YANG Huawei, LIU Yi, et al. Calibration and model optimization of simulation contact parameters of potassium
fertilizer particles based on discrete element method[ J]. AMA, 2021, 32(3) . 4651 - 4668.



