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Abstract: [ Objective | This study aims to address the problems of high grain impurity rate and cleaning
loss rate during the cleaning process of corn grain combine harvesters in the hilly regions of southern China by
optimizing the structure and operational parameters of the cleaning device.[ Method ] A systematic analysis of
the working principles of the cleaning device was conducted , and the tail straw walker structure was optimized.
On this basis, a corn cleaning test bench with an adjustable fish—scale sieve as the main structure was designed.
The bench allows for adjustments to parameters such as fan rotational speed, vibration frequency, and fish—
scale sieve opening degree. Single—factor experiments were performed to determine the optimal parameter
ranges for fan speed, vibration frequency, and chaffer sieve opening, with grain impurity rate and cleaning loss
rate as evaluation indicators. Subsequently, a three—factor, three—level response surface experiment was
conducted to establish a regression mathematical model between the factors and evaluation indicators. The
Design—Expert 13.0 software was used to solve the model and determine the optimal parameter combination.
Finally, the optimized parameters were applied to the cleaning test bench and the 4YZ-2 corn combine
harvester for verification and field tests to evaluate the optimization results. [ Result] The single—factor
experiments revealed that fan speed, vibration frequency, and chaffer sieve opening significantly affect
cleaning performance.The optimal parameter ranges were: fan speed 1 500—1 700 r/min; vibration frequency
540-580 r/min; and chaffer sieve opening 16—20 mm.The response surface experiment further optimized the
parameters, yielding the best combination: fan speed 1 604.3 r/min, vibration frequency 540.0 r/min, and
chaffer sieve opening 18.1 mm, corresponding to grain impurity and cleaning loss rates of 2.21% and 0.9%,
respectively. The verification test results after rounding these parameters showed that under the optimal
parameter combination, the impurity content rate and cleaning loss rate of the grain were 2.304% and 0.73%,
respectively.The field test results showed that when the grain moisture content was 27.8%, the impurity content
rate of the grain was 2.13%, and the cleaning loss rate was 0.98%.[ Conclusion | The verification and field test
results closely matched the regression model predictions, indicating the model’s high reliability and the
effectiveness of the optimization.By optimizing the structure and operational parameters of the cleaning device,
this study successfully reduced grain impurity and cleaning loss rates, providing a solid theoretical foundation
for improving the cleaning performance of corn grain combine harvesters.

Keywords: corn kernel combine harvester; cleaning device ; parameter optimization ; grain impurity rate ;

cleaning loss rate ; fish—scale sieve
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1:Fan;2: Jitter plate; 3: Deflector strip; 4 : Chaffer sieve; 5: Manuscript chaser; 6: Compound auger; 7: Woven sieve; 8: Chaf-
fer sieve angle adjustment block ;9 : Transmission pulleys; 10: Grain auger.
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Fig.1  Structure of the cleaning device of the corn grain combine harvester
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1:Jitter plate;2: Chaffer sieve ;3 : Manuscript grader;4: Manuscript chaser weaving sieve ;
5:Woven sieve; 6: Chaffer sieve angle adjustment block.
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Fig.2  Schematic diagram of the structure of the vibrating screen
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Fig.3 Grain stress analysis on chaffer sieve surface
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Tab.1 Biological characteristics of maize

ZE0 Parameters FUHE Numerical value
T K5 FR Maize variety B 605

VeSS4 75 FE /mm Average crop height 2122
AFREE KR /% Grain moisture content 28.6

ZEFFE KR 1% Stem moisture content 63.06
K B /mm Average length of corn ear 200
HRB IR H A% /mm Large end diameter of corn ear 48
AT H A% /mm Middle end diameter of corn ear 44
SR/ N L A% /mm Apex diameter of corn ear 39
ZAHH Ratio of grain to straw 0.46
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1:Conveyor belt;2: Feeding inlet; 3 : Threshing and cleaning room;4: Receiving box ;5 : Grass draining port; 6 : Control cabinet.
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Fig.4 Threshing and cleaning test platform
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Tab.2 Single factor test factor level

KF K1 £ Factor
Level PP/ (r-min”) BRBH (rmin ) L TF B A
Fan speed Vibration frequency Chaffer sieve opening
1 1 400 520 14
2 1500 540 16
3 1 600 560 18
4 1700 580 20
5 1800 600 22
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i —l— ﬁ%%ﬁ Grain impurity rate 5T el jﬁg%% Grain impurity rate
—— R Cleaning loss rate —— SRR Cleaning loss rate

BRE ARSI %
Impurity content/loss rate
BRI %
Impurity content/loss rate

1400 1500 1600 1700 1800 520 540 560 580 600

RALEEE/ (r-min~") PREIAR/(r-min ")
Fan speed Vibration frequency
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Fig.5 Single factor test of fan speed Fig.6  Vibration frequency single factor test
[ —A— BEIHFEE Grain impurity rate

—@— FPRIE 2R3 Cleaning loss rate
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Fig.7 Single factor test of chaffer sieve opening
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Tab.3 Levels and factors of the Box—Behnken test

K- KL A/ (r - min™ PR EWAR B/ (x-min™) T EE C/mm
Level Fan speed Vibration frequency Chaffer sieve opening
-1 1 500 540 16
0 1 600 560 18
1 1700 580 20

322 FENH
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ﬂc‘m‘”o SR AT 5 % M S 3 1 DR 28 kg DXL ol R 0 8 05 32 3 2o [ 051 00 5 6 Bl , 745 B0 A

B HR B Eﬂ‘”

J, =241 - 2.024 + 0.3087B + 0.94C — 1.27AB - 0.52AC - 0.87BC + 3.3A4% + 0.0033B> + 1.95C*> (7)



-+ 798 - RN AN I 3 o416

x4 MEEREHFFEREMFERKE

Tab.4 Grain impurity rate and cleaning loss rate of the Box—Behnken test

¥ KA/ (remin™) RSN/ (remin™) 0 835 07 T B /mm AFRL 5 2428 1% T %

Serial number Fan speed Vibration frequency Chaffer sieve opening Grain impurity rate Cleaning loss rate
1 1 600 580 16 4.46 3.11
2 1 500 580 18 9.05 0.96
3 1 600 560 18 2.87 1.19
4 1700 540 18 4.97 1.17
5 1 600 560 18 2.95 0.95
6 1600 560 18 1.86 1.24
7 1600 580 20 4.64 1.44
8 1600 560 18 1.73 1.0
9 1700 580 18 3.27 1.98
10 1700 560 20 5.66 1.26
11 1 600 540 16 2.33 2.11
12 1 500 560 20 11.54 0.84
13 1 600 560 18 2.62 1.22
14 1500 560 16 8.66 2.32
15 1 600 540 20 5.99 1.06
16 1700 560 16 4.86 3.0
17 1500 540 18 5.66 0.88
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Tab.5 ANOVA of grain impurity rate

J7 22K ¥Jr Al FIH P{H
Source of variance Sum of squares Degree of freedom P-value
BRI Model 117.03 9 <0.000 1~
A 32.60 1 <0.000 1™
B 0.76 1 0.203 0
C 7.07 1 0.003 7°
AB 6.48 1 0.004 6
AC 1.08 1 0.138 4
BC 3.03 1 0.026 6
A’ 46.64 1 <0.000 1™
B 0.00 1 0.9917
c 15.94 1 0.000 4™
5%2% Residual 2.71 7
AV Lack of fit 1.39 3 0.361 2
12 Pure error 1.31 4
R 0.977 4

TR 35 (P<0.05) , #+38R R 2 H g 2% (P<0.01) .

* and ** indicated significance at 0.05 and 0.01 levels ,respectively.
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AT (P>0.05) A k2, HALRI Aok E 28UR=0.983 4, 1% [0l AR AU GE 5z e H1 98.34% F i W {E 25 4k, 5%
M) 975 3 488 2 S0 5 2 1 DR 38 A XA el 4R oy A o3 R e 0 03 F 52, 3 o [0 5 0 M 405 i e 4 B, 75 307
TR R R A B 2B

J,=1.12 + 0.301 34 + 0.283 8B - 0.742 5C + 0.182 5AB—0.065AC—0.155BC + 0.026 24*> + 0.101 2B*> + 0.708 8C* (8)
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Tab.6 ANOVA of cleaning loss rate

i 22 il H P1H
Source of variance Sum of squares Degree of freedom P-value
I Model 8.2400 9 <0.000 1"
A 0.726 0 1 0.000 5~
B 0.644 1 1 0.000 7
C 4.4100 1 0.000 1
AB 0.1332 1 0.036 1
AC 0.0169 1 0.387 5
BC 0.096 1 1 0.064 0
A? 0.002 9 1 0.714 0
B’ 0.043 2 1 0.184 4
c? 2.1200 1 <0.000 1
5% Residual 0.139 4 7
JAUIL Lack of fit 0.066 8 3 0.409 3
15#9% Pure error 0.072 6 4
R 0.983 4

*RANH R B (P<0.05) , #+Fm H R H 3 (P<0.01) .

* and ** indicated significance at 0.05 and 0.01 levels, respectively.
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Fig.8 Response surface of each factor to grain impurity rate
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