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Monitoring Mathematical Model of Grain Cleaning Losses on
Longitudinal-axial Flow Combine Harvester

Liang Zhenwei Li Yaoming Zhao Zhan Xu Lizhang Tang Zhong
(Key Laboratory of Modern Agricultural Equipment and Technology, Minisiry of Education,
Jiangsu University, Zhenjiang 212013, China)

Abstract; With the recent advances in sensors, electronics and computational processing power,
automated technologies for combine harvesters have been made possible in part and there is an urgent
need to develop a system which could monitor the clean loss in real-time. In order to monitor grain clean
losses of combine harvester real-timely during the working process, distribution of grain cleaning losses on
rear of cleaning sieve was studied, and the mathematical model between total losses of grain cleaning and
grain volume tail on different regions was developed. The optimal mounting position of grain loss monitor
sensor on combine harvester was confirmed. The experiment results showed that there was no significant
impact on distribution of grain clean loss mass ratio with fan speed of 1 200 ~ 1 400 r/min under the
significance level a = 0.05. The grain losses monitoring sensors, which utilizing type YT — 5L
piezoelectric ceramic as sensitive element, was installed on combine harvester with a vertical distance of
300 mm between central line and tailing screen and a angle of 45°. Meanwhile, the grain harvesting filed
test was carried out by using the mathematical model. The results showed that the established mathematical
model had a good reliability, the maximum relative monitoring error of the grain cleaning loss detecting
system was only 3.26% , which was relatively less than checked manually when harvested rice.
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Fig.1 Diagram of 3-D structure of grain loss monitoring sensor
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Fig.2 Curves of output voltage changes with drop velocity
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Fig.3 Schematic diagram of test bench
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Fig.4 Schematic diagram of material receive boxes
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Tab.1 Mass ratio of grain with fan speed of 1200 r/min

N By i
F5 1 2 3 4 5 6 7
1 0.1324 0.050 0 0.034 6 0.013 1 0.014 1 0.027 8 0.038 4
2 0.107 1 0.0551 0.0346 0.0195 0.0255 0.0409 0.0877
3 0.041 4 0.028 8 0.0212 0.016 4 0.0113 0.0290 0.037 4
4 0.0132 0.0139 0.014 4 0.017 6 0.014 5 0.017 8 0.013 1
5 0.005 1 0.008 6 0.007 1 0.004 0 0.005 1 0.005 8 0.007 3
6 0.0033 0.004 5 0.001 8 0.002 0 0.002 3 0.003 5 0.003 8
7 0.001 0 0.000 8 0.001 5 0. 000 8 0.001 8 0.002 3 0.001 5
8 0 0.0015 0.000 3 0.000 8 0.000 5 0.000 5 0.000 5
F2 XHLFEES 1300 r/min BREFHEZTBEZRNRE LG
Tab.2 Mass ratio of grain with fan speed of 1 300 r/min
B P
ENDEcH
1 2 3 4 5 6 7
1 0.099 4 0.057 4 0.0223 0.016 2 0.0155 0.0253 0.0422
2 0.094 2 0. 068 0 0.0459 0.0349 0.0267 0.0328 0.0556
3 0.0420 0.0279 0.0191 0.0175 0.0169 0.0207 0.026 6
4 0.014 2 0.0135 0.0150 0.0135 0.0115 0.0106 0.0109
5 0.0143 0. 006 8 0. 006 6 0. 006 8 0.004 2 0.0101 0. 004 2
6 0.004 2 0.003 5 0.004 7 0.002 8 0.0019 0.004 7 0.002 8
7 0.0019 0.001 4 0.001 2 0.001 6 0.0019 0.004 2 0.002 8
8 0.001 6 0. 000 2 0.000 2 0.001 4 0. 000 7 0.0019 0.001 4
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Tab.3 Mass ratio of grain with fan speed of 1 400 r/min

B
ARES 1 2 3 4 5 6 7
1 0.0956 0.0336 0.0201 0.0189 0.0210 0.0214 0.028 6
2 0.0754 0.069 1 0.028 7 0.0258 0.0388 0.0403 0.0439
3 0. 040 2 0.0300 0.0256 0.023 1 0.0193 0.0252 0.030 1
4 0.0127 0.0104 0.0127 0.0102 0.0163 0.0182 0.017 2
5 0.006 9 0.009 4 0.0103 0.0109 0. 006 3 0.0120 0.0111
6 0.003 5 0. 006 8 0.0070 0.005 4 0.003 3 0.007 9 0.007 2
7 0.0033 0.004 7 0.0039 0.003 5 0.002 2 0.004 7 0.003 6
8 0.002 1 0.002 3 0.002 1 0.0013 0.000 8 0.0019 0.002 4
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Tab.4 Grain loss mass ratio in boxes with X-axial

gh1m AL/ (remin =)

5 1200 1300 1 400
1 0.3105 0.278 2 0.2402
2 0.370 4 0.3582 0.3225
3 0.160 4 0.1707 0.1870
4 0.079 6 0.089 3 0.097 5
5 0.0430 0.0530 0.066 8
6 0.0212 0.024 6 0.041 1
7 0.009 6 0.0150 0.0255
8 0.004 0 0.007 5 0.013 1
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Fig.5 Cumulative of grain loss mass ratio in X-axial
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Tab.5 Materials mass ratio in boxes with Y-axial

ML/ (remin ™)

B P i

1200 1300 1 400
1 0.2315 0.2200 0.1618
2 0.1905 0.1632 0.1420
3 0.1231 0.1118 0.134 4
4 0.104 2 0.100 1 0.116 4
5 0.049 4 0.1019 0.1250
6 0.1273 0.1398 0.1524
7 0.1739 0.1632 0.1679

JoT g LAY Y Sl A A A SR T s, (y) R

s,(y) =Ae™ " 4y, (2)
Forpr A ey Ly 35908 FR e B B, 8T Origin B4 AT
LA TEE] y, = —7.954 27,4 =8.062 37,1, =

-8.8689,R* =0.992 99 &4 FUE 6 FFs .o
1.0 [ ]

09

0.8

ﬁm- .

&%-

0.5F

04F

03F

0.2F

0 0.I2

04 06 08 )
FKFRE S /m
B 6 i rrh i a b Bl uy Y Bl BEU AR P4 A5 R

Fig.6 Cumulative of grain loss mass ratio in Y-axial
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Tab.6 Relative error between theatrical

and practical values %

KRG/ (remin ™)

b/m

1200 1300 1400
0. 65 2.08 2.90 1.88
0.52 2.83 2.47 1. 60
0. 39 3.50 2.57 2.49
0.26 2.42 2.74 1.79
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Fig.7 Diagram of grain clean loss monitoring method

VPRI 2. FF RSk AL S

4 HBERE

2013 4 11 H 9 H PAE N AR KRBT A 77 1y
417 = 2.5 BN Hh i Bk G WOR AL I A AL AT T
KR W AR e, R A R AL L1 T iR Y
VIt i 73 208 2 1200 6 22 JBRE 43 2 L 3k &R
Sz —8, XBEY A REME: FH kS
82 cm, T-Ri it it 28.8 g, 7= fit 9 462 kg/hm’ , KL 45 L,
1. 78, - ¥ 25 FF & K 3 62. 1% , - X ¥F RL & /K %
25.4% . WA WK HLE IS 98B 2.0 m, 2 O vE R
0.9 m, Ay {iFF A 451 2% W i A% J i 11 22 4% A5 1 sk I
B B AR 8 A U AR RS2 550 mm x 125 mm
(K x50, AR B B Ty 1) vh o 26 5 R O 19 i s 7K
F-BEES 300 mm, 4 BE Ol 45° AL B R LRI ISR
B b 2223 7 AN 18 8 Fr s o

HR A5 2 (3) Fir 7 B R L T 3 400 2 M ) 62 A - 55
thor=0.121 1, 50 mHE r E A S R {GERH 18



5013 BEURAT A5 GNh G IE S SRR AIURF AL 5 2 450 2 W 2 A Y BF Y 111
x7 HERKBHMER
Tab.7 Results of field experiments

i 2 IRERCBE TN A X
R Al TR 8 DU N A B R

/(mes™h) FidE/g B/ % Pidt/g L/ % /%
0.8 378.2 0. 801 370. 6 0. 785 2.03
1.0 482.8 1. 024 470.8 1. 000 2.54
1.2 522.8 1.108 506. 2 1.070 3.26
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