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Compensation Method for Cleaning Loss Monitoring Proportion of
Grain Combine Harvesters Based on CFD - DEM
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Abstract: Aiming to achieve high-precision monitoring of cleaning loss during grain harvesting, it is
essential not only to develop cleaning loss monitoring sensors with low error and high stability but also to
establish an accurate mathematical mapping between the sensor readings and the actual cleaning loss.
Focusing on a cleaning loss monitoring sensor previously developed and systematically investigated
methods to improve monitoring accuracy, three-dimensional particle models representing components of
the threshing mixture, such as grains, short straw, and impurities, were constructed for typical crops,
including rice, wheat, and rapeseed, based on their physical and compositional characteristics. Multiple
three-dimensional flow channel models of cleaning devices were then established according to actual
operating conditions. Using a coupled CFD — DEM simulation approach, numerical simulations of gas-

solid two-phase flow were conducted under both single-factor and multi-factor conditions, including crop
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type, feeding rate, sieve opening, and fan inlet area. The relationship and variation patterns between
sensor readings and actual cleaning loss were analyzed in detail under different operating scenarios. Field
catching tests were subsequently performed to validate the simulation results. The findings indicated that
crop type, sieve opening, and fan inlet area were the primary factors influencing the proportion of
cleaning loss detected by the sensor. In contrast, feeding rate had an insignificant effect within a certain
range. The monitoring proportion values of cleaning loss obtained from the simulation were larger than
that of the actual field test values, with a standard deviation of 0.97% in the extent of overestimation,
which verified the effectiveness of the simulation analysis. Subsequently, several representative nonlinear
fitting models were established based on the simulated sample data. Through comparative analysis of the
fitting results and considering practical engineering applicability, a quadratic polynomial regression model
was selected as the compensation model for cleaning loss monitoring ratio, achieving an adjusted R’
greater than 0. 991 and a root mean square error lower than 0. 216% . Finally, the model was integrated
with an embedded system to realize online compensation of the cleaning loss monitoring ratio, with the
deviation between the compensated values and the measured values not exceeding 1. 08% . This research
significantly improved the accuracy and adaptability of cleaning loss monitoring, reduced reliance on
manual catching box tests, and provided robust technical support for intelligent operational parameter
control and comprehensive performance evaluation of combine harvesters.

Key words: combine harvester; cleaning loss; monitoring proportion; compensation model; CFD —DEM
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Information acquisition and control
system for combine harvesters
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Tab.1 Single factor test setup of feed rate (24 mm screen opening and 100 % airflow inlet area of fan remain unchanged)

kg/s
WSO A ) o 26 WA T (A
IKFE 1(4.0) (4.4) m(4.8) V(5.2) V(5.6) VI(6.0) Vi(6.4)
INFE 1(3.0) II(3.3) (3.6) IV(3.9) V(4.2) VI(4.5) VI(4.8)
M= 1(2.4) II(2.6) Mm(2.8) IV(3.0) V(3.2) VI(3.4) VI(3.6)
xR2 HAAERRZRRREE(EAMRANE N0 RHHENOBRERFALE)
Tab.2 Single factor test setup of screen opening ( maximum feed rate and 100 % airflow inlet area
of fan remain unchanged) mm
WSO A ) b 2 i T B oL (BU(E)
i I(18) I (20) I (22) IV (24) V(26) VI(28) VI(30)
INFE I (18) Ir(20) m(22) IV(24) V(26) VI(28) VI (30)
3 1 (18) 11 (20) m(22) IV(24) V(26) VI(28) VI (30)
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£3 MNMBEROEREFRLBGEE(ZFRARAE24 mm FHFERFRAE)

Tab.3 Single factor test setup of airflow inlet area of fan ( maximum feed rate and 24 mm

screen opening remain unchanged) %
WA By i 2 JRUBL 3 R TR T 5 (B )
IKFE 1(70) m(75) I (80) IV (85) V (90) VI(95) VI (100)
INFZ 1(70) I(75) I (80) IV (85) V (90) VI(95) VI (100)
= 1(70) I (75) I (80) IV (85) V (90) VI(95) VI (100)
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Fig.5 Particle models of different threshed mixture

components ( non-real scale)

x4 PFHERZSRT EENAEHESH

Tab.4 Three-dimensional sizes, densities, and mechanical characteristic parameters of particle models

L B RN K x 58 x J£/(mm x mm X mm) R/ (kgom ) By YIE i/ Pa THFALL
i A 6.8x2.9%2.9 1320 8.6 %107 0.3
KA JTE-Yis 68.2x3.3x3.3 124 8.8 x 10° 0.4
L S 43.0 x0.8 x0.8 65 1.5 x10° 0.4
b A 7.1%x3.5x3.5 1210 7.1 %107 0.3
I 25 FF 62.4x3.2%x3.2 105 2.9 x10° 0.4
N i 8.2 x4.6x2.5 48 8 x 10* 0.4
B 32.7x1.2x1.2 60 1.2 x10° 0.4
b TA 1.6 x1.6x1.6 960 2.8 x107 0.3
I 25 FF 65.2 x3.4x3.4 165 1.1 x107 0.4
i il v 42.1x2.2x1.2 70 1.3 x10° 0.5
B4y 14.6x1.4x1.4 78 3.5 x10° 0.5
x5 KEBNENEMSH
Tab.5 Contact parameters of rice particle models
BMEE R b T D T L eg AV f%é*?* RIZEF- BRI RBRAR- B/
EYii AR BE T JEEYiS B BE T BAA BETH
V- EY 0.19 0.17 0.15 0.52 0.12 0.11 0.10 0.08 0.10
I 4 R B 0. 81 0. 80 0.76 0.45 0.72 0.75 0. 66 0.63 0. 61
B 482 R 8K 0.05 0.03 0.03 0.01 0.03 0.03 0.02 0.02 0.01
Fx6 NEFRERZEMSH
Tab.6 Contact parameters of wheat particle models
- b A S TR 5 & A i A VA T L el TV el TV Bl TV Sl el D el | il S el P P

OB RIZERT Bive  BRAR TR/BEW RZERT

Aot BARA TE/EEW Pk

R O/REE Rk B/ RETE

[/ EX 0.22 0.20 0.17 0.17 0. 60 0.14
WEERE 0.75 0.74 0.70 0.70 0.41 0. 66
SHEEERNEL  0.04 0.03 0.03 0.03 0.01 0.03

0.13 0.13 0.11 0.09 0.09 0.11 0.09 0.11
0. 69 0. 69 0.61 0.58 0.58 0. 56 0.58 0. 56
0.03 0.03 0.02 0.02 0.02 0.01 0.02 0.01

R7T MEBHEBREMSH

Tab.7 Contact parameters of rape particle models
- FPRI—  FPRi— KPRI— KPR RPRL- AR R R WA ARG AR MRS B R
‘é FPRL RZERF MORSE R S/BEm RIEH MRS RN /R MRS R4 /BRI TH/REmE

W2 ZH 0.21 0.19 0.17 0.17 0.55 0.13
WEEENE 0.69 0.68 0.72 0. 65 0. 41 0.68
SHEEEHNEL  0.04 0.02 0.02 0.02 0.01 0.03

0.12 0.12 0.11 0.09 0.09 0.10 0.08 0.10
0.71 0.71 0.63 0. 66 0. 65 0.61 0. 60 0.58
0.03 0.03 0.02 0.02 0.02 0.01 0.02 0.01
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Fig. 7 Simulation result of rice cleaning device (yellow—grain, green—short stem, cyan—Ilight impurity)
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Fig. 8 Simulation result of wheat cleaning device (yellow—grain, green—short stem, cyan—light impurity, purple—glume)
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Tab.9 Orthogonal simulation test scheme and Tab.11 Orthogonal simulation test scheme and
results of rice results of rape
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> - e in]
R (kg-s~1) mm O R/ % S/ % (kg=s™") mm 1 #L/ % S/ %
; ia " -5 97 1 2.6 20 75 37.3
) 44 2 %0 a7 2 2.6 22 80 38.4
3 4.4 24 85 42.2 3 2.6 24 85 38.9
4 4.4 26 90 42.9 4 2.6 26 90 39.4
5 4.4 28 95 43. 1 5 2.6 28 95 39.7
6 4.8 20 80 39.3 6 2.8 20 80 36. 8
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10 4.8 28 75 44.1 10 2.8 28 75 40.9
11 5.2 20 85 38.8 1 1.0 20 85 36.4
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