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Design and Experiment of Separation and Cleaning Device for
Chinese Cabbage Seeds Harvester
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Abstract: In view of the difficulty in separation and cleaning caused by the great difference of agronomic
morphology and complex physical characteristics of the components of the exfoliates during the
mechanized harvesting of Chinese cabbage seeds, a separation and cleaning device composed of an
internal flow cylindrical sieve (with a inner spiral auger) and a cross-flow suction fan was designed. The
structure and working principle of the device were described, and the structure and working parameters of
its key components were determined by theoretical analysis. The rotational speed of the cylinder sieve, the
inner spiral auger and the cross-flow fan were selected as the test factors, the hybrid rate and the loss rate
were taken as the performance indexes, the orthogonal test was carried out, and the optimum working
parameter combination of the device was obtained by using the comprehensive scoring method and the test
was verified. The results showed that the main and second order of the test factors that affected the
cleaning performance of the device were speed of the cross-flow fan, speed of the cylindrical screen and
speed of the auger, and the optimal parameter combination of the separation and cleaning device was
speed of the cross-flow fan of 70 r/min, speed of the auger of 200 r/min and speed of the cross-flow fan
of 700 r/min. The performance verification test was carried out under the parameter combination, and the
results showed that the impurity content and loss rate of Chinese cabbage seeds were 2. 75% and 0. 62%
respectively, which met the requirements of relevant industry standards.
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Three-dimensional diagram of separation and

Fig. 1
cleaning device test bed
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Tab.1 Simulation test results at different speeds
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500 4.208
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Tab.3 Coding of factors and levels

iSES
K I8 {5 s % 3k / i 3% 0 e 1/ I KU HIL % 3t/
(r-min~") (remin~") (remin~")
1 60 150 600
2 70 200 700
3 80 250 800

F4 EXHRBEARRER

Tab.4 Scheme and results of orthogonal test

RS A B c TR T WA %o
1 1 1 1 17. 06 0.54
2 1 2 2 8.62 0.93
3 1 3 3 6.03 1.84
4 2 1 3 2.65 1.42
5 2 2 1 12.53 0.73
6 2 3 2 6.41 1.07
7 3 1 2 11.15 1. 14
8 3 2 3 3.82 1. 65
9 3 3 1 13.90 0.82
x5 WBESW
Tab.5 Results of range analysis
IR A B c
ky 10.570 10.286 7 14. 496 7
k, 7.196 7 8.3233 8.7267
. ky 9.6233 8.7800 4.166 7
AAAY, R 3.3733 1.963 4 10.3300
BAR AT 4, B, G
FREER C.AB
ky 1.103 3 1.0333 0.696 7
k, 1.0733 1.103 3 1.046 7
_— ks 1.2033 1.2433 1.6367
BRET, R 0.1300 0.2100 0.9400
B K 4, B, C,
FERHEE C.B.A
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T R < e it DXL B 3 T T 07 5 R 3k o
BB BAEL G N A, B, C 5 25 U5 P &R X 1k
PR 3 Y S 32 U AR U2 < B I XU BIL B
6 AT [ i O A, B S HUE AL G A,B,C

RARFE 3 AT PR 3R X 2% FE A R Z 5 e
IR A I A R AT B A A, ARk 6
Jr7s o HIZR 6 Al AL, AU RUHL A TS 55 A A A R
R B (P <0.05) ; i i s e 30 & 2 5
FIHE G R B3 Wi B A .25 (P> 0..05) 5[5 fa 0 % ik
XF S 2 LM R 3 (P <0.05) , X 451 2% 5 Wi A
Z(P>0.05),

x6 HEZDN
Tab.6 Results of variance analysis
® I%f\ 9 lﬁ R AmE B F I
E(ER AN ES
A 18.1643 2 9.0821 20.162 0.005
TR B 6.3333 2 3.166 6 6.327 0. 106
C 160. 795 4 2 80.398 169.647 0.002
A 0.0278 2 0.0139 5.235 0.124
NEES B 0.068 6 2 0.0343 3.018 0. 196
c 1.3542 2 0.6771 70.204 0.012

1T 45 L0 4 36 08 A 2 4R e B
L2 AR — B, R A VA 2 R B 2 R AT
MVBLAPBT ™ L B AR o, e 6 i
IR E ST

oSS (15)
Smux - Smin
Krp U—d68rsREE S—A8infE
S TR bR A /IME
S e HE AR B K AH

B 2 A5 b S JEE e HE S 19 T IR 1 e 4 1
A Biw(RT) o SEPRA R, & 2R AR K &
SORANA 5 18 5 A 15 2k - AR, R IR 35 2% R
%, SR BUNAL 25 & 7 ik i, 16 OS2 R AL 54
0.4, R AMALH T4 0.6, L85 70 Bt R N

RT GBEFTHIWER

Tab.7 Analysis results of comprehensive scores

R = A B C w, W, w
1 1 1 1 1 0 0.400 0
2 1 2 2 0.414 0.30 0.3456
3 1 3 3 0.234 1 0.693 6
4 2 1 3 0 0.677 0.4062
5 2 2 1 0. 685 0.146 0.3616
6 2 3 2 0.261 0.408 0.3492
7 3 1 2 0.590 0.462 0.5132
8 3 2 3 0. 080 0.854 0.5444
9 3 3 1 0.781 0.215 0.4414

w =0.4w, +0. 6w, (16)

i 8 FIA, 25 A 56 PR 3R %) £ 5 0 SR R i

H1 RE /Ny A O XUAIL 2 k) s O A e g 26 45

LA BB AN A, B, C,, BT O B A

70 v/ min, § 1% 4% 7 3 200 o/ min, £ XULEL 13
700 r/min

KR8 ZEHBMESW

Tab.8 Range analysis of comprehensive scores

1 5 15 A A B C
k, 0.4797 0.4394 0.4009
k, 0.3667 0.416 4 0.3967
e ks 0.498 3 0.4890 0.5473
R 0.1136 0.0726 0.1506
BAR AT 4y B, ¢,
ES/ES C.AB

4.3 ISIEKIE
E AT PNE B B SR I E AT A T
ROEBMMAKTFHEG FRMT, TRFEVHMHEN
2.75% PRI EIE N 0. 62% , 15 P OR BAF,
SEAT AL AR DR BRE
9 RIERBER

Tab.9 Results of verification test %
55 AR N
1 2.52 0.58
2 2.81 0.62
3 2.92 0. 66
AL 2.75 0. 62
5 #ig

OOR PO PNEE TN IN € A/ e
— P TR S VR M A 1 53 O A A X
B O BT 12 B o 1 B A PN IR e i i A 0 T
15 e i P78, S BT M0 H 0 v R % A DR L B8
B R B XL BR 2220 B IR IR A W P R 2R,
R 2 R SP3BT e T 22

(2) X B FHL A 1 2540 e iz 3 2 Bk AT 1t
SEOXHT B E T N SR s e IR T 0 S 0 1) S B
LS RO G PG M ] 5 il 1 STAR — CCM + i fF
X R TE 18 & R S AT = e D B B
T BT XL 2 A 1 S B, O O RUBIL A
Z R B R e PR PR AL TR

(3) 1 ik A D9 22 00 W A T I AR O L P AR e
T fov BRI KIS 3 1) 250 A0 K 1 Y 1L 5 3 i G 5 i
BB E 11 1 B Ve PR RE 15 bR 1 B2 i K E /N
O < AU XA AP o TR T 7 2 T 6 e 5 R P £
AV E AL IBGZ I B 02 B R LS R &
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O < 9 5 i e 38 70 v/ min, B iK #w HE 34 200 o/min, B 0 B UE G B0 A5 B X 0 B N UL R E B AR ROy
KALEL 700 v/min, TERMSBAGHKMET 8 2.75% KA 0. 62% , il AT ML AH KR

& % x Wt

(1] FREE FEGERT RN RS RA[T]. R4k ,2018,8(1) .12 - 18.

FANG Zhiyuan. Development progress and future perspectives of vegetable breeding sciences and technologies in China[ J].
Journal of Agriculture,2018,8(1) :12 —18. (in Chinese)

(2] HURBE MAREE BRITE 55 H T OB A =4 A 00 v B B SR AS IS 43 [/ OL . O WU 2 4 ,2015,46(5) .75 - 82.

XIAO Tiqiong, HE Chunxia, CHEN Qiaomin, et al. Cost-benefit analysis of vegetable production based on agricultural
mechanized production[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(5) :75 - 82. http: //
www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20150512&flag = 1. DOI.10. 6041/j. issn. 1000-1298. 2015.
05.012. (in Chinese)

(3] KRB, BRI, 20K T ERMOL LA RIS &Rt (1] 40l T4 ,2015,31(14) 1 -7.

ZHU Ming, CHEN Haijun, LI Yonglei. Investigation and development analysis of seed industry mechanization in China[ J].
Transactions of the CSAE,2015,31(14) :1 —7. (in Chinese)

(4] EOMR, 251 R85, 45 K SEHUMAL IR HOR IR SIS 20 4 [T ] AR AL 5 4645 ,2016 (1) : 10 - 12.

QIU Ran, LI Bo, DENG Yu,et al. Actuality and research analysis of chinese cabbage mechanized harvesting technology[J].
Agricultural Mechanization Using & Maintenance,2016(1) ;10 —12. (in Chinese)

(5] SReim, Bpcw , s, 55 20 & 2l 38 R0 38 B 50T 5 W RHE S 8038 43 B [1/OL ] Ak BLAR 2% Hz , 2013, 44 (1§ 1] 2)

41 -46.
ZONG Wangyuan, LIAO Qingxi, HUANG Peng, et al. Design of combined rape threshing device and analysis of rape cane
movement trail[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2013,44 (Supp.2) :41 - 46. http: /
www. j-csam. org/jesam/ch/reader/ view_abstract. aspx? file_no =2013s209&flag = 1. DOI;10. 6041/j. issn. 1000-1298. 2013.
S2.009. (in Chinese)

(6] ZMmd, Rise 2t B, 45, JXUSH = 08 256 8 0 T S 038 [ T ] A BUBE 2 4% ,2009,40(12) 80 - 83.

LI Yaoming, TANG Zhong, LI Hongchang, et al. Experiment on the flow field of the air-and-screen cleaning device [ J].
Transactions of the Chinese Society for Agricultural Machinery,2009,40(12) :80 —83. (in Chinese)

(7] BRor,BPE S8 BE , 55 iSRS O HLIBE 9 28 s 2 Rt s [ )/ OL ] ARlb MU 27412 ,2012,43 (3§ 7)) :125 - 130.
CHEN Li, LIAO Qingxi, ZONG Wangyuan,et al. Aerodynamic characteristics measurement of extraction components for rape
combine harvester[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2012,43 ( Supp. ) :125 - 130. http:
// www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =2012s25&flag = 1. DOI;10. 6041/j. issn. 1000-1298.2012.
S0.025. (in Chinese)

[8] Wrade, £akfe, 29 bk b 3RIB0 s ¥ ¥ BRAILARRR P2 B R Sl 0 S B Ak [ T] . Al BLA 2 31,2005 ,36(3) :60 - 63,70.
CHEN Cuiying, WANG Zhihua, LI Qinglin. Mechanophysical properties of rape extractives and parametrical optimization of
vibration sieve[ J]. Transactions of the Chinese Society for Agricultural Machinery,2005,36(3) :60 - 63,70. (in Chinese)

[9] ALI M, SHAMSOLLAH A, ASGHAR M, et al. Intelligent modeling of material separation in combine harvester’s thresher by
ANN[J]. International Journal of Agriculture and Crop Sciences, 2012, 4(23) :1767 - 1777.

[10]  Zifgla), 00 B9, 48, 46 ISR K A Op AL 4 B0 =0 9l it Bt o2 3¢ 7 B0t 538 [ J/OL ] ROl AL 2 41 , 2017 ,48(5) -

108 - 116.

LI Haitong, WAN Xingyu, WANG Hua, et al. Design and experiment on integrated longitudinal axial flow threshing and
separating device of rape combine harvester [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017,
48(5) :108 — 116. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20170513 &flag = 1. DOI; 10.
6041/j. issn. 1000-1298.2017.05.013. (in Chinese)

(1] BPE T RT,ERE, . SR a R IUIE R 85 i it R g it 5886 (1] el TR ,2015,31(14) :24 -31.
LIAO Qingxi, WAN Xingyu, LI Haitong,et al. Design and experiment on cyclone separating cleaning system for rape combine
harvester[ J | . Transactions of the CSAE ,2015,31(14) :24 —=31. (in Chinese)

[12] SR, 250 My ik i, 46 B SR A 7 KU B 6 AL 20 19 = /181 AR AR 40 59038 [ /0L ] ARl B 2 41, 2016,47 (5) -
70 - 76.
HUANG Zhenyu, LI Teng, YU Zhicheng,et al. Simulation and experiment of gas-solid two-phase flows in separation chamber
of air-screening machine for vegetable seeds [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016,
47(5) :70 —=76. http : // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20160510&flag =1. DOI:10. 6041/
j. issn. 1000-1298.2016.05.010. (in Chinese)

[13] 207, WD & e B LY 262 B PR e i3 e S8 S @5 UL [ D ] B 005 R 4% ,2014.

[14] sk, 4wl , 2T, 48 UL 0 3B S eI pLIE AL S B 5180 [T ] Aol TREAEHR ,2015,31(24) .8 - 15.

ZHANG Min, JIN Chengqian, LIANG Suning, et al. Parameter optimization and experiment on air-screen cleaning device of



190 o Bl cE 2020 4
rapeseed combine harvester[ J]. Transactions of the CSAE,2015,31(24) :8 = 15. (iin Chinese)

[15] D7 B &R E IR, 558 b SR A 3R AL 23 w2 1 2 2 1) a7 0 1 5 3086 [ 1] ARl LA 2441k ,2018,34(14) 27 - 35.
WAN Xingyu, SHU Caixia, XU Yang,et al. Design and experiment on cylinder sieve with different rotational speed in cleaning
system for rape combine harvesters[ J|. Transactions of the CSAE,2018,34(14) :27 —35. (iin Chinese)

[16]  EFE K. 8 f 25 25 FT i TR B g i 98 S CAD[ D] 3% Bl - ¥ BH 224 B, 2000.

[17]  EJRFH,RICHE, AR K. TR RER Y 265 B i s 58 [T]. 4l TH2 4R ,2018,34(20) 112 - 19.

WANG Qiyang, WU Wenfu, ZHU Haotian. Design and test of screw cleaning mechanism for corn[ J]. Transactions of the
CSAE,2018,34(20) :12 - 19. (in Chinese)

(18]  HERAM AR AW A B R AU T CR M) [TM . JE5T: B AR A 2 BOR H Rt , 2007 :965 - 966.

[19]  ERSGH. BT RUMLAE I G e B AL o it 0 P B 883 [T ] Al TAR 2% 4% ,2003,19(1) :110 - 112.

QIU Xianjun. Design and application of cross flow blower in combines[ J]. Transactions of the CSAE,2003,19(1) :110 - 112.
(in Chinese)

[20] ¥, £, £ FET Fluent iy KU 0 L = A0 B LT] LI A R4 ,2016,44(7) 1358 - 361.

YU Bo, WANG Qiang, WANG Shuang. Simulation of air flow field in air screen cleaning chamber based on Fluent[ J]. Jiangsu
Agricultural Sciences,2016,44(7) :358 —361. (in Chinese)

[21] HE Y, GAO Q J. Analysis of the inherent frequency of circular vibrating screen and modelling and simulation of Matlab/
Simulink[ J]. Applied Mechanics & Materials,2015(4113) :200 - 204.

[22] ZxE, HIEHR. AR BOTSEEAAIM]. Jb st A2 0 ) fiidd: ,2004.

(23] XUD5#, 5%, 07 i, 5. WL O) B e B it 530 [ J/OL ] . Al ALK % 4% ,2018,49(9) :90 - 95.

LIU Fangjian, YANG Xuejun, FANG Xianfa,et al. Design and experiment of chopper device in sugarcane harvester[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2018,49 (9):90 - 95. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? file_no =20180910&flag = 1. DOI:10.6041/j. issn. 1000-1298.2018.09.010. (in Chinese)

(L#EE 169 TT)

(18] XUmIZR, E2ra, AR, % 228 =il 6 A 8 25 € 1 ik 2% B i it 58 [J/OL]. Rl AL ,2016,47(10)

35 -43.
LIU Xiangdong, WANG Xuenong, WANG Chunyao,et al. Design and test of apricot dynamic orientation and conveying device
with 3-path differential belts[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47(10) :35 —43.
http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20161005 &journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2016. 10. 005. (in Chinese)

[19]  BRA JGENR /DT 55, ZEMRESA PR M R X AU BT[], P EAe LI ,2016,37(9) 148 - 51.
ZHANG Yongnian,SHI Yinyan, WANG Xiaochan,et al. Design on flexible clamping-conveying mechanism of orderly harvester
for stems-leafy vegetables[ J]. Journal of Chinese Agricultural Mechanization,2016,37(9) :48 —=51. (in Chinese)

20] derUEEEEALMOTF . DT (A) B Xkl it P (M. dbatif 6 Dolk b hdt ,2003.

[21]  JFEEDSR BRI, TEANE 2 A P BRI & 80 1 2205 5 8 [ J/0L] . R ML A 41,2017 ,48(2) : 110 - 116.
SHI Yinyan, CHEN Man, WANG Xiaochan, et al. Dynamic simulation and experiments on Artemisia selengensis orderly
harvester cutter[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48 (2) ;110 - 116. http; //
www. j-csam. org/jcsam/ ch/reader/view _abstract. aspx? flag = 1&file_no =20170215&journal _id = jesam. DOI;10. 6041/].
issn. 1000-1298.2017.02.015. (in Chinese)

[22] ZE. B e EORBCHIL U B AR po 05 AR B RO DI # R D] K& MR 2014,

LI Changying. Bionic blade of corn harvester for leaving high stubble and its cutting mechanism [ D ]. Changchun: Jilin
University ,2014. (in Chinese)

(23] E4&l, 88, /TS5 KBS E SO S8 80 [J/0L]. Rl HULME = ,2019,50(3) :69 - 79.
WANG Jinwu,BAT Haichao,SUN Xiaobo,et al. Design and dynamic analysis of spray device for paddy field sprayer[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2019,50(3):69 —79. htp: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no = 20190307 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-1298. 2019. 03.
007. (in Chinese)

[24] A AR LA 1 2 o B A I A 8 B ) , o ] B AR ME AL A B 2% B2 . GB/T 5262—2008 Ry ALK 56 25 1F I
Trid i — e [ST. bt o [ A ofi H A ,2008.

[25]  rpfie AR A0 [ [ ¢ ook W B A 30 AG 5 8 R , o [0 [ KA v AL 4 L2 D122, GB/T 8097—2008 Wit 3R HL AW 1K & e &1 HL

B A [S]. Jb At of E AR #E AL ,2008.



