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Parameter optimization and experiment on post-threshed mixture for the
cleaning device in 4L.Z-4.0 combine harvester of soybean

LIQi', XIE Fangping'?*, KANG Jiaxin', WANG Xiushan!?, LUO Qi

(1.College of Mechanical and Electrical Engineering, Hunan Agricultural University, Changsha, Hunan 410128, China;
2.Hunan Key Laboratory of Intelligent Agricultural Machinery and Equipment, Changsha, Hunan 410128, China)

Abstract: In order to solve the problem of high impurity rate and loss rate for the cleaning device in 4LZ-4.0 combine
harvester of soybean, a three-factor and three-level response surface test was designed with the selected influence factors
of screen angle(17.1°, 27.1° and 37.1°), fan speed(969, 1090 and 1212 r/min) and feeding speed(2.0, 2.5 and 3.0 kg/s), to
test the loss rate and the impurity rate of the cleaning device and screen the optimal combination of cleaning parameters.
The experimental results showed that the optimal combination of cleaning parameters obtained is: the sieve plate angle of
26.8°, the fan speed of 1075 r/min, and the feeding volume 2.3 kg/s, with the loss rate of 0.18% and the impurity rate of
2.07%, which are reduced by 0.26% and 0.44% compared with that before optimization. When the cleaning device of the
harvester has the best performance, the mass ratio of soybean post-threshed mixtures decreases from 29.88% to 6.34%
along the longitudinal direction of the cleaning screen, and decreases from 27.51% to 7.88%, and then increases to 18.96%
along the horizontal direction of the cleaning screen, which shows an approximate “Y” shaped distribution of “more in
front and less in back, more on both sides and less in the middle”. It can provide reference for the structure improvement

of the cleaning screen.
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Fig.1 Structure of the wind screen cleaning device in 4LZ-4.0

soybean combine harvester
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21 AEEREE

S8 JB/T 11912—2014 { RGHCEIHL), AR
A s, FH AR S0 H AR A4 3.0 km/h,
RN 4.6 km/h, SEEWLEATIESE N 3.0,
3.8, 4.6 km/h, Bl 0.83, 1.06, 1.27 m/s, F% M 3CHk
(10177, AR M ARESHN 2.0, 2.5, 3.0
kg/s,

RIS R GAERFRE, PR AR m 1Y
KEAEESEBEA M E &, S RESCHR81AY 7 vk X 4
PR AT

Z OR[N RS TAESEER, hidE K E i
FIFBERGH 11 m/s Fids/DXGE 6 m/s, KWL iE T
BRI E N 969, 1090, 1212 r/min.

A7 SR b R R BE R R 27.1°, it
TR R A EEBCR EMECA 27.1°, A5 B SRk
VAE 171070 37.1°, i i A B o Vi e i )
FARES YR .

U IR YR, BRI I AR R R K
RASIHAIS 52, ¥ Box—Behnken AH.0M4H

AREEITHIE, BT HE KRS LR
IGUAK 1), HE JB/T 11912—2014, DIFIEEE J,
HE AR WA RO R o
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Table 1 Levels and factors of the response surface test

K i AR A/(°) WHLEFEE B/(rmin™") BEARE Clkgs™)

-1 17.1 969 2.0
0 27.1 1090 2.5
1 37.1 1212 3.0

I TE G ARy KA AT o I SIS eI,
PRI E B, & 2ReREE S
Bk, BRI = 1 m/s 5 MIRALEI IR A,
WHHEE . WCENCEINLEFRHE i 4% 5T b T e 24 1
KEMWREHIA N RGERE, FREREH
AIFR T KL BEARE RN AE, B AE il TP IR 2 1 44 51
BHRATBIFREE, TS AR AR
22 AERRBER

M) 7 TE a3 118 RS S O 1 0 1) 5 i R A 2k %
TR 2,

®2 MNEIRIEH KSR H PR S R ERMIR AR

Table2 Impurity rate and loss rates of soybean post-threshed mixtures in the response surface test
75 M) KWL/ (rmin) AR/ (kgs™) IR % R %
1 37.1 1212 25 1.46 0.80
2 37.1 1090 3.0 2.56 0.43
3 37.1 1090 2.0 251 0.62
4 37.1 969 2.5 2.89 0.42
5 27.1 1090 25 2.48 0.37
6 27.1 969 2.0 2.59 0.23
7 27.1 1090 25 1.87 0.32
8 27.1 1212 3.0 2.37 0.68
9 27.1 969 3.0 3.10 0.33
10 27.1 1090 25 2.56 0.44
11 27.1 1212 2.0 1.27 0.58
12 27.1 1090 25 1.69 0.31
13 27.1 1090 25 1.98 0.25
14 17.1 969 25 3.66 0.35
15 17.1 1090 2.0 3.36 0.30
16 17.1 1090 3.0 4.47 0.39
17 17.1 1212 25 1.74 0.69

2.2.1 FHHEBLE MM A Ry 3R

XPIE R RGE ) 2250 BT R (R 3)R_ W,
F I A RE . RUBIL AR SRR A X 6 2 R 11 R i)
4 ] 0 5 0 I 27(0.01 < P<<0.05); 17 Fifg 17 2K 481 13
(P>0.05)A %, UEPIBIRNZE 007 Fl 5 S bR s
DAL B I31S), S E ML 41 5% b B 3 1)
PRI 28 Jy KUALEG 1, 52 s LR 2R R i 2 i TR 3R

AR, HARRIEPE R B R=0.9229, &£
WIZ AR R RE S et 92.29% M MAE AR fk %)
A 2R UL UEAT B B, 45 20 R R He:
eIt
J1=8.344-0.0234-0.017B+0.543C+8.23x10 4B~
0.0144C+4.62x10-'8BC+0.0014%+8.38x
10682-0.027C2,
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Table 3  Variance analysis of the loss rate for the soybean post-threshed mixtures

el 7 H F P B
A 04258 9 9.3114 0.003 8 E 2

4 0.036 7 1 72262 0.0312 B

B 0.252 1 1 49.600 8 0.000 2 W
C 0.0013 1 0.2559 0.628 5 TR
AB 0.000 4 1 0.078 7 0.787 2 NS
AC 0.0199 1 39124 0.088 4 NS
BC 0.000 0 1 0.000 0 1.000 0 e
A? 0.044 9 1 8.8332 0.020 7 e

B? 0.064 5 1 12.689 0 0.009 2 e

C? 0.000 2 1 0.037 8 0.8515 A E
5)"2? 0.0356 7

JAUT 0.0153 3 1.005 3 0.477 1 NTES
R 0.020 3 4

R? 0.9229
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Fig.2 Surfaces of the response of each parameter to the yield loss rate of soybean

2.2.2 HSMEMA L EGE IR

T ARG R T 2 T A SR GR R,
MO AR W E N H RN 4, B, C, i
FARE |« IRUBIL 2 S R A5 X6 55 244 23R R 532 Ml 114 [0
BRI 27(0.01 < P<<0.05); 1M 10 - U5 (P > 0.05)
AN, UL RS BRAE B ILA B T, Sl E]
BL 26 35 DR 3R AL 3, S ma s AL

T A i 2 B DR 2 Dy £ B 0 ) B IR, AR
FIPE B R?=0.922 9, KB [IRERIRE i e
92.29% A i B (AR Ak o X 56 B 400 & A 7 |1
IR, 1SR AR R
Jr=7.75-0.3544+0.028B-10.559C+0.000 14B—
0.0534C+2.4x103BC+6.07x10-3 42—
1.9x1075B%+2.008C%,



5 48 B4 6 1]

PR ALZ-4.0 REERAUCHIBLIE 5 B 2800 St 4 70 A i 741

R4 REBRBIERENFEDHR

Table 4 Variance analysis of the impurity rate for the soybean post-threshed mixtures

SR S5 A F P I
(e 9.814 0 9 6.402 6 0.0115 B

A 1.8145 1 10.654 0 0.013 8 e

B 3.6450 1 21.4017 0.002 4 E T E
C 0.959 1 1 56315 0.049 4 B
AB 0.060 0 1 0.352 4 0.571 4 NTE
AC 0.280 9 1 1.649 3 0.2399 NTE
BC 0.087 0 1 0.5110 0.4979 NTE
A2 1.5514 1 9.108 9 0.019 4 B
B? 0.343 2 1 20151 0.198 7 NTES
e 1.061 1 1 6.230 1 0.0412 e
B2z 1.1922 7

AU 0.602 1 3 1.360 3 03747 ZNTE
REE 0.590 1 4

R? 0.891 7
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Fig.3 Response surfaces of impurity rate for the soybean post-threshed mixtures under different parameters
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Ykl E e AR, DIBRHR A 42 ) (K 760 mm)
h X &5, e (K 1360 mm)h YT, AiE
6(X HhJr )< 7(Y By M EeekE, Hepka —HhR
PR xFExE) N 190 mm x125 mmx320 mm, ik
R &AM E AL, BosEEL S5,
PEERHUEEH 1075 v/min, HEAR 2.3 kg/sl'9), 33h
A WCHEINL, ArEIRFEAS), & EBIatTiR Ty
RRGEIRETE IR A, YRR LE &
WA, SERUBRLIG , KRR BB G A
e e e SR 0 R R B 7/ R 10 1 S W e S
1738, SRBCFAME, 153 Y& o B
BRONE, 3R 5 PR, g5AFR S AR EdE, H
MR, 3 YRS il 5 v oK S kR
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Table 5 The quality and the mass ratio of each component in the

soybean post-threshed mixtures

Jit /g P B F/%
bR A 7718.43 64.59
P37 1793.00 14.99
AR 588.17 495
KAHZEFF 123.88 1.04
FE R ZEFT 28.10 0.23
KYI=ERF 112.70 0.94
JSE Y 63.88 0.53
Hofth 1523.51 12.72

JI5E 3 A TR & b A R A T LA 6
BN e
*6 EHIZRUYINRESH
Table 6 Mass distribution of the soybean post-threshed mixtures in

the ejection junction box

E2 2 o DAL Fitk/g P /%
IS 147 3570.83 29.88
IhIm S 247 2543.38 21.28
P2 317 1961.23 16.41
AT 417 1441.00 12.06
AT 517 947.71 7.93
I 617 729.61 6.10
28 717 758.08 6.34
K028 151 3287.47 27.51
K128 2 5] 2709.42 22.67
115 3 31 1051.53 8.80
K056 451 942.24 7.88
15 5 51 1695.55 14.19
K128 6 51 2265.64 18.96

AIFITE R LSBT, B W A VI 1 T
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] 5 FE AN 27.51%080 /N 5] 7.88% ) B 48 i 5]
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Fig.4 The expropriate is distributed in the receiving box

4 ZHR

AT 4LZ-4.0 KRG UCEIBLTE B B2 AL
PAARAY, 84T Design—Expert K15 T iE %S 8%
A, BIam /A 26.8°, KUHLEEE 1075 r/min
AR 2.3 kg/s, HBTEZLRR 2.07%, fiRFER
0.18%, HHE T Ak mir H 1] % F S B0 -2 45
KT 0.44%, P ERETRE 0.26%, Al 2
NY/T 738—2020 { K EHA WHIHLAE L i i ) 1Y

WA ML T 3ok 24 S R A A B IS S A 7 O v

“HIEZEHD, WiZdEd” EReY e
A7, U I 5 M 2 3 AR A A A O T T A TT A R
Ui ALk, AR S SR S S AR £ S T A R L XUML A o
AR EIE RSO A TR H I SE, & T
TR

EEPEE

[11 FRL, 3FH, 220%, 45 2010 FRIp T KB
KEH R G KA S RV KRG R[] K&



5 48 B4 6 1]

PR ALZ-4.0 REERAUCHIBLIE 5 B 2800 St 4 70 A i

743

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

R4, 2010(6): 63.

ET5ER, kiR, WS, & EEREISN AR
HZE 5PaE]. WWARRL R, 2019, 51(12):
156-162

BUIESE, AR, AREE, . HME BERIEDRF
RO E BFEIRIEN ], Aol BHEGE R, 2020(7)
188-190

i, A, PR, % REKSEHMLE™ 5%
SFAR GREARIED]. PR, 2019,
40(12): 17-25.

JASCAS. 4 i b AR S XS sI AL ) 3

KR WYL FE[D]. Mat: MRl R, 2017.

S, %, ek, o OREEABGRILEL
SR, ARl TRz, 2019, 35(13): 10-22

XUMG, A, XUEL, 4. KOS UCHALH ) ik
YEMESEUALL]. 4l T2, 2020, 36(10): 35-
45.

FRE, WA, 20, S AR AR B
RIS [I]. IR AL R == (A SRR IR),
2019, 45(2): 205-211.

PPRM, MM, TEREE, & PHITRBCS WL

PR E SO SIRIR[]. APLEbt5E, 2018, 40(5):

170-174.
FHY. AW, B, B A UCRIUBRIRR
PR B T B0 0], Al BB A

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

2018, 49(8): 68-75

TRAREL, MREWE, 0L, % RGN YETE
WIGWFSEI]. RMUAERFSY, 2013, 35(4): 127-131
BAMESE. w0 L AR T R R R ST [D]. K
KRR, 2005.

gk, R SR EIM]. AR REEE
HARKZ W t, 2009

BomiBH, sk, FHA. Fgmslbyim#m]. Jb
e ERF kR, 2011

LIEEE JmPEYGI ML deat: BEE R,
2016.

PR, REHE, TER, % KREBORPLA R Z
ISt AR 2 I W A A AR (D], R AR R A
2020, 25(9): 104-111.

EGR, FRY, RorE, & HAERKRSUGRILE
PEREE NI i SR B [I]. Rl TR,
2020, 36(20): 84-92.

A, Swol, aTiE, % RGBS BCRPLSE
e E ot SIRE ] R ERO =R, 2020,
25(10): 147-157

TR T EH
R 2EL



