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Simulation study on draft force prediction of moldboard plow according
to cohesive soil particle size using the discrete element method
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Abstract: In the agricultural machinery field, load analysis is mostly done through field tests. However, field tests
are time-consuming and costly. There are also limitations in test conditions due to weather conditions. To
overcome these environmental limitations, research on load analysis through simulation in a virtual environment is
actively being conducted. This study aimed to select the most appropriate soil particle size for modeling by
analyzing the effect of soil particle size on the prediction of draft force of the implement using simulation and soil
particle modeling in a virtual environment with the discrete element method (DEM) software. The accuracy was
verified by simulating the draft force for the same moving speed by soil particle size. For soil particle modeling,
DEM soil modeling was performed by designing soil property measurement procedure. Soil particle correction was
performed with a virtual vane shear test. Average DEM simulation results showed an error of 27.39%
(19.43~40.66%) compared to actual measured data. The possibility of improvement was confirmed through
additional research. Results of this study provide useful information for selecting soil particle size in soil modeling

using DEM from the perspective of agricultural machinery research.
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Table 1 Computer specifications used for simulation

Item Specification
GPU RTX4090 @ 2580GHz
Processor 19-13900k @ 5.8 GHz
Memory 128 GB
Operation System Window 11

Table 2 Key particle model
EDEM software

parameters of

Parameters Value Resource
Particle size (mm) 3,4,5,79,12 Selected
Poisson’s ratio of soil 0.32  |Tekeste et al.2)
Poisson’s ratio of steel 0.3 Budynas26)
Soil shear modulus 6 x 10" | Wang et al.”
Steel shear modulus |7.9 x 10'° | Archer et al.2?)
Coefficient of| soil - soil 0.55 soil starter pack
restitution  |soil - steel 0.5 soil starter pack
Coefficient of | soil - soil | 048 | Kim et al"¥
static friction | soil - steel 0.32 McKyes?®)
Coefficient of | soil - soil 0.25 Wang et al’”
rolling friction | soil - steel | 0.14 Wang et al"”
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Table 4 Specifications of the mouldboard
plow actually worked in this study

Item Specification
Product name WISP-6S
Manufacturing company WoongJin
Type Moldboard plow
Length < width < height (mm) | 1,930><1,800>< 1,235
Rake angle (deg) 30.76
Share length (mm) 360
Tillage width (mm) 270
Maximum tilllage depth(mm) Up to 200
Required power (kW) 40-52
Shear form Pointed
Coulter type plain coulter
Coulter diameters (mm) 340
Number of furrows 3
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Table 5 Measured on field soil properties
At according to soil layer
Properties Layer 1 Layer 2
Table 3 Modeling parameters of contact Water content (%) 33.20 2647
model (in EDEM) Bulk density (g/em’) 546 1,309
Parameters Value Dry density (g/cm”) 1.146 1.420
Constant pull-off force 0 Shear torque (Nm) 5.75 8.15
Contact adhesion energy Calibrated
Tensile exponent 5 32 ojteAds HES FJEE EY ZEF
. - EU PN
Tangential stiff multiplier 0.28571 Olgﬂ_i%% a9 =a mewe BAE A%
Slope exponent 1 WA B B9 EFUAE Ak Aolth A
Contact plasticity ratio 0.75 Auce Bk zely|o] A52es BAMa=d 9]
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Table 6 Calibration results of bulk density
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Table 8 Calibration results for shear torque

(layer 1) of soil block using field measured
Particle Particle | Bulk density (kg/n?) C’;lil(i)‘;ra actual values. (layer 1)
(:111?1) Frocedure Igf;)s Simulated| Measured e(r(;:))r P‘gzlge Procedure ]SEI:E?gC; mmm (?adil(zra(t‘;;;l
— i/m?
3 | fnital | 0.0005 | 1329.52 ;) o | 14.05 (H;D Tnitial (]100) 572 | 575 | 0%
Calibrated| 0.0258 | 1545.54 0.081 it 00 | 76 e
, | nitial | 00006 | 127075 11785 4 T Caibmed | 60 | 571 1 >R oo
Calibrated| 0.0008 | 1540.85 0.39 5 Tnitial 100 | 564 | o 195
s Initial | 0.0013 | 1253.09 | . |18.99 Calibrated | 105 5.78 0.52
Calibrated| 0.0016 | 1543.16 0.24 7 Initial 100 5.04 575 195
;| itial | 0.0036 | 118122 | 2364 9 Calhi“;l;j:ed 1(1)8 ‘S‘Z; 575 %
Calibrated| 0.0047 | 1549.21 0.16 it 0 T ea o
9 Initial | 0.0077 | 1142.53 1546.8 26.14 12 Calibrated | 80 583 5.75 BRI
Calibrated| 0.0104 | 1536.63 0.66
12 Initial | 0.0183 | 109031 1546.8 221 Table 9 Calibration results for shear tor
Calibrated| 0.0258 | 1546.95 0.01 que
of soil block using field measured
Table 7 Calibration results of bulk density actual values, (layer 2)
(layer 2) Pasritzlzle e ?Ellllgfjlgc; Shearing Torque (Nim) ?;rhorbr?n%l
Particle Particle | Bulk density (kg/ne)|Calibra () || (jm?) | Simviatod | Masred :
size | Procedure | mass ;?élr 3 II.ntlal 100 7.24 815 | 1257
(mm) (kg) | Simulated| Measured | o/ Callrllli)ljated 132 8.15 0
_ A tial | 100 83 15 18l
; Initial | 0.0003 | 1367.97 | 0 | 2442 Calibrated| 80 8.22 0.85
Calibrated| 0.0304 | 1807.76 0.12 s | nidal | 100 | 557 | o .| 4632
, | it |0.0007] 133638 | 2616 Calh;t_’tllfzed igg 2; 2012852
Calibrated| 0.0009 | 1811.72 0.10 7 abmed 180 810 8 Tom
5 Initial | 00014 | 12729 | 0 | 2967 o | nial | 100 | 68 | | 1933
Calibrated| 0.0018 | 1807.09 0.15 Calibrated| 106 8.04 ) 1.37
; Initial | 0.0037 | 1220.66 1g00gg 225 |p | nitial | 100 | 807 | o . 0.99
Calibrated| 0.0052 | 1803.37 %1036 Calibrated) 120 | 812 0.37
o Initial | 00079 | 1293.01 | o | 2856 *
Calibrated| 0.0112 | 1815.8 ’ 0.33 EDEM &XEgo]E 53 A& o] oA AA <}
0 Initial | 0.0186 | 1088.79 1809.88 39.84 7_&% 719k Ade] Zd% /\1371% E‘%‘%%P@l AA
Calibrated| 0.0304 | 1792.81 ' 0.94 =7 W £o] S AAT F(Fig 4) HA
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Fig. 4 Shear torque calibration using virtual

vane shear testing
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Table 10 Result of draft force predict simulation
according to particle size (Case A)

Tillage| Gear | Travel | particle| Draft force (kN) thbra
. tion

depth |sclec| speed | size error
(cm) | tion |[(knvh)| (mm) |Simulated|Measured %)
4 14.62 25.93

5 13.77 18.61

15 | M3 | 5.66 7 12.16 11.61 | 4.74
9 12.63 8.79

12 12.18 4.91
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Table 11 Result of draft force predict
simulation according to particle
size (Case B)

. . Calibra
Tillage | Gear | Travel | particle| Draft force (kN) tion
depth |selec| speed | size error

(cm) | tion |(km/h)| (mm) |Simulated |Measured %)
4 5.18 55.38

5 7.66 34.02

15 |M3|566| 7 7.12 11.61 | 38.67
9 8.12 30.06

12 5.48 52.80
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