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1. Pickup header 2. Chain rake conveyor 3. Power system 4. Cross-flow
threshing and separation system 5. Dual-airduct cleaning system 6. Traveling
system
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Fig.1 Structural diagram of rape pickup harvester for hilly and
mountainous areas
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Main technical parameters of rape pickup harvester for
hilly and mountainous areas
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1. Cyclone separation cylinder 2. Impurity suction duct 3. Acceleration roller
cleaning chamber 4. Acceleration roller drive system 5. Scraper conveyor 6.
Negative pressure fan 7. Scraper conveyor power drive system 8. Negative
pressure fan power drive system 9. Positive pressure fan 10. Air blow pipe
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Fig.2 Overall structural diagram of dual-airduct cleaning device
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Table 2 Structural and performance parameters of dual-airduct
cleaning device
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1. Feed inlet 2. Positive pressure fan 3. Air blowing duct 4. Impurity suction duct
5. Cyclone separation cylinder 6. Accelerating roller 7. Grain outlet 8. Impurity
discharge outlet 9. Negative pressure fan 10. Scraper conveyor
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Fig.3 Operational flowchart of dual-airduct cleaning device
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a. Force analysis
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b. Velocity analysis
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Note: a; is the spiral angle, (°); a2 is the angle between the paddle support
force F and the Z-axis, (°); € is the direction angle of the airflow from the
positive pressure fan, (°); ar,,, is the acceleration of the ejected material in the
X-direction, m~sfz; ar,, is the acceleration of the ejected material in the Z-
direction, m's %, F Dy is the component force of F, in the X-direction, N; F), is
the component force of F, in the Z-direction, N; /; is the maximum rising height
of the ejected material, m;h; is the inlet height of the cyclone separator cylinder,
m; S is the distance of the material particles from the axis center, mm; / is the
throw distance, mm; # is the angle between the scraper lifting speed v, and the X-
axis, °; vy, is the component velocity in the X-direction, m's’; vy, is the
component velocity in the Z-direction, m's™'; v, is the velocity of residues
acquired under the action of the positive-pressure fan, m-s™".
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Fig.4 Force and motion analysis of residues in acceleration roller
cleaning chamber
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Fig.6 Rapeseed threshed residue model
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Table 3 Mechanical properties of rapeseed threshed residues

T VETATL DI BR E
Materials Poisson ratio Shear modulus /MPa Density/ (kg-m’3 )
SRR Rapeseed 0.25 1.1x107 1060
% Z54T Short stem 0.40 1.5x10° 494
% &% Light impurity 0.40 1.0x10° 30
JINiE#R Acceleration roller  0.30 1.0x10" 7850

x4 UIRHEMARY

Table 4 Material contact coefficients

o Baakl AR E R PR A BB R
. Contact  Collision recovery Dynamic friction  Static friction
Materials . . .
material factor coefficient coefficient
SRR 0.6 0.5 0.01
WSEFFRL R 0.6 0.4 0.01
Rapeseed 7% i 0.6 0.8 0.01
I 0.6 0.3 0.01
FZEFF AT 0.3 0.7 0.01
Short LZF il 0.2 0.7 0.01
stem  ind AR 0.4 0.8 0.01
B BRI 0.2 0.7 0.01
Light .
impﬁrity Jieece 02 0.7 0.01
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a. Velocity cloud diagram
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b. Interaction schematic of rapeseed residues and airflow dynamics
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Fig.7 Residue-flow field dynamic state diagram in the dual-
airduct cleaning device
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Fig.8 Velocity distribution of residues in dual-airduct cleaning
device at different time intervals
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Fig.9 Movement trajectories of residues in dual-airduct cleaning
device at different time intervals
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FLHORF RLRIORE B KT8 5 B /N E R 2.4 mis, HiFEAR
BN 276.52 mm, HE ZEFFURL 5 oK T8 S BN B 22
N 3.61 m/s, PiFEARALEA 258.72 mm, 44 FUERL K
T S/ NEEZE N 3.67 m/s, AEARLE Y 237.05 mm.

15 B A5G 8 i AT 155 2 30N 2.29%, ik
R 2.71%, 3 BZ AR E 75 1% 2% B 78 19 56 B SRR
THIETAE, BARGEM T & E.

4 aFERiW

NIGAE XX IE 15 2 B CR, 2024 4E 4 A F4E
gl K TR Z O P B 6 40R50 . 032t 9 h
Yk %A% B A T MR N B IS 2, 7RI AR
TEFRRAL A7 RBLRDE X2 25 12 1) S R T S pT
K5 2R B4 S
41 REFEESNEE

TRIR I FE A A e 45 AR £ BRI i
EEE RS (E 1D, KEERTRENL, TR
8, TR (B 0~3000g, A5 0.01g) . 111754
WL (JEH 2.5~99999 r/min, A% JF: +0.05%) . A5 4
2 19 )EM E A (ER 0~30 m/s, HERRE: £5%,
KL +£0.05m/s) . BRI (EFE 0~360°, K.
£0.1°) FARM .

P N\ N El |

LR ik e B 2 RNRE ) 3 B A 1% 3% 4. 60U ANL 5 INHAR I e % 6.0
A3 BT 7R R B 8 HLAR 9.3 A I 4 10 FAHL 11.1E B XL 12.38
Fizs

1. Material conveying device 2 .Feed hopper 3. Scraper conveyor 4. Negative
pressure fan 5. Acceleration roller cleaning chamber 6. Cyclone separation
cylinder 7. Grain collection unit 8. Machine frame 9. Power control module 10.
Motor 11. Positive pressure fan 12. Frequency converter

B11 BREFLEEESERE

Fig.11 Bench test of dual-airduct cleaning device

4.2 REMBRTTE

I AR A 43 e Bl X 3 SR 34 ML R Ak B
“AE 2 627 JHZEML A, FE SR (TR
42 g), FHZEM Q20mm PL L) FEIERHAM, SiFH
Ay N 63~7.0m/s. 6.5~7.3m/s. 5.4~6.1 m/s!",
JRE & BN 33%. 50%. 17%. HIEENLES, 524
B BIWRE BihE— 8t L HESESERREmN, S
25 HH JR) AR b Sz B MEON B LUK T, A 3R 58 R
0.2 kg/s FIMEN &,

Z @& DG/T 057-2019 (i SEFF 3R ML) , 0 B
BRELE ., IEJERPLEG S, I R RS R WA ARG R R,
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B ARFMBRF IR AE R, JTRIEAZ RS . W h
HIAR 8 1056 B SRR B IE I WUHLAT G s ML, 48 Ik
Je PABILCR 5 T80 S K I 52 B 400 4 B 451 259 S0 A T e A
fixar b, R R, R AT RS, Sl
i3 HE A T SR E DR RN T AR B 4% o

SRR DS Ve S S RE e ST N
SR m, (@), AFBUETE m, (g), A% FhSF KL
Eomy (@) FARFRY, MBURE Y, HHE AN

Y, = —2 % 100%

m; +m,
;3
m; +mjy

aom

Y, = x 100%

43 BERRAE

AR IR R L T OE R XL [ A A A Sk
KR 775 126 2% B A b P e I S kA, AR AR S AT A
H R I SR AL %25 B AR S 50070, 78 1 1 EIXUR
TH 7 1% % B8 & 48 b 78 I T4 4R % 800~ 1 200 r/min,
1E R JRHLS 0 7 [ 5°~25°, 1E JE KL 3E 1200~
2 000 r/min ¥ 7] 4 34T B[R 2R
431 eikdRAEiR AR AL AR

[i] 5 1E R XML 7 [ 200, 353 1400 r/min, 7E
TN38 4R #4538 800~ 1 200 r/min ¥ [l Y % 5 AN /K-F3E47 3R
5, SRWE 12 . BEEIERERE N, SR
AR K R I% T8 0, o BT BR DR AT AT . MR E
800 r/min B, AN FRE AL T ia s E B, K
Jit eIk R B ik R R a TR I AR R B R R
AR, R A A R Aot i B, 33K
P ARG U E NN A 1200 t/min B, A0
AR g IR, T RS R g 2
R B IR R R v B B R R AR, S EE AR
AR m. UL, s AR FL R L IE X [/ 1000~
1200 r/min.

347 —m— %% Impurity rate
—w— 1k % Loss rate v l,g

L 32t / s |
3 X
: % :/ £
> ™ S
’g 3.0+ v @
2 126 3
L ¥
¥ 28t o
AR E“[\_:
« " 124

26 v/v ’

1 0.00 1 1.00 1 2.00
T e
Accelerator roller speed/(r-min™")
B 12 AnikdRabk st idi e e Bon

Fig.12 Effect of acceleration roller speed on cleaning performance
432 EERRMAGS @A g

[E S MRS 4 1100 r/min, IEFERHLFEHE 1400 v/min,
LEIE RS JT 1 £ Se~25°u Bl it 5 AN /KTt
%, S5RNE 13 P BEESRUT FA RN, SR
MR R GRI T I E& T g, o EE R 3B
W7 R Ay 5O, AR BRI T B N I R 1% % IR AR
EAFMAERNR L, SBURS R, I YRR 2 HERRAE

800 900

TR 6 % PN TCVE A B B ROR s R R R
Bl AT AN 15°~25°0), IE G E = iR
WBONTRS, BE SRKAE R T 5 R BB .
PRIk, I SRR s TR A DL DX ] 0 15°~25°,

40r - —m— 3% FImpurity rate 4 4.0
381 \ —w— Jii K Loss rate 13.8
X
3 36 F v 13.6 ¢
g 134 2
S o34t 2
z 132 &
3 32t 130 &
E a e
F 30r 1238 :\j
528} 126 =
 m {24
26 \V;' 122
2.4 . s 2.0
0 10 20 30

ST I Airflow direction/(°)

B 13 EERAARS @ A2 E e e B
Fig.13  Effect of airflow direction angle of positive pressure fan on
cleaning performance

433 EENAEER AT F LA ARG TR

[l 52 IS AR LR 1100 r/min, 1E & KBS ITTH 200,
76 1E JE XMLEE 1200~2 000 r/min Y8 FH A ik 5 KFk
TR, S5RNE 14 Fros. BEE IE R RALESE 3,
FRRBEDN, BURERZREIE K. AT EE AT AL Y
1EJE KMLEEE N 1200 r/min B, SREE /N TEZERS
BRIR TR BRI, M A T i AR I VR S
2, AR R, MRBEM: YIEERYLEEER 2
000 r/min B, AR R TR ) B B, a0 AR
e HAE L AT 5 3R 4 o R R KL, B R AR
o Bk, IE KM B AR ik X TR A 1400~
1 800 r/min.

321 —m— 7% Impurity rate 728
v

. v 17K % Loss rate
ul /

.
3.0F ><v/v 1%¢
29} v .\

e

& AR Impurity rate/%
1k % Loss rate/%

\ 124
28r V¥ ]

1200 1400 1600 1800 2000
1 FE RUBLE
Positive pressure fan speed/(r-min")
B 14 EERAGER I H LM A0

Fig.14 Effect of positive pressure fan speed on cleaning

performance

4.4 EXIRIE

DL ARFEIH 4. IEE XML T A By IEE X
WL C IR R, LSRR Y, MR E v, AN
Wi, PR =R =K P IEACIRE . KGR R R0 45
B, MR AE 1000~ 1200 r/min, 1E & RKBHLSH T
W] FHTE 15°~25°, 1E & RALFEETE 1400~ 1 800 r/min,
B AR AR, WRIEH R AT IR 5.

R TTREERNEK 6, R RFH, WHIEIF
R BIEARISHEAT T, S HBFBRZELNT 5%,
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=5 HEZRKEE M= N — Nuin (D
Table 5 Factor levels Niax = Nimin

Ko IARIEE R TR BUFE
Level cceleration fo[ller Airflow direction B/(°) Positive pressu're?1
speed A/(r'min"") fan speed C/( r'min ")
-1 1000 15 1400
0 1100 20 1600
1 1200 25 1800
*o EXAWARKEE
Table 6 Orthogonal experimental design and results
e AR aESS
No. 4 b ¢ Impurity rateY,/% Loss rateY,//%
1 1 1 1 2.81 2.43
2 1 2 2 2.75 2.42
3 1 3 3 2.70 2.44
4 2 1 2 2.74 2.40
5 2 2 3 2.69 2.41
6 2 3 1 2.75 2.35
7 3 1 3 2.73 2.46
8 3 2 1 2.79 2.38
9 3 3 2 2.72 2.39

H: av by c A By CHIKES
Note: a, b, ¢ is the level value of 4, B, C.

PRI S5 RHBEAT R ZE M, R 7 R, S %
BRAIRBHFRIF A C. B 4, BRIRSHHAERH
AB\Cys MR R RN IE K ZIRF A C. 4. B,
BIMSHEH AN A,B,C;o

®7 RRERBEDN

Table 7 Range analysis of experimental results

FEH5 Index i H Items A B C
k 2.754 2.757 2.782
k, 2.726 2.744 2.736
ks 2.744 2.723 2.707
Y, R 0.029 0.033 0.076
BRI A,B,C,
FREZE C. B. 4
ky 2.430 2.430 2.386
k, 2.386 2.403 2.403
ks 2.410 2.392 2.437
Y, R 0.044 0.038 0.051
Bk A,B,C;
ER/EES C. 4. B

K NEIN IR R B, N NP R FRME, Ny, NP
WARFRIRME, Ny VPO AR BCORAE -

AT S B v 2 1 b AR A AR DAORAS N E b, AR IE ek 45
RIETHE T, FPRLE A/, FrDAE & 2R E N 0.4,
PURFRE N 0.6, N TR, RHZAER S ENT
WARiE, Za B AT k0 (1), rEEER
Wz 9 iR

RO ZAESEONER

Table 9 Comprehensive score analysis results

o FRERRE  DRERRE | GAWS
No a b ¢ Membershipof Membershipof Comprehensive
’ impurity rate loss ratio score
1 I 1 1 1.00 0.74 —0.04
2 1 2 2 0.54 0.65 —-0.17
3 1 3 3 0.11 0.82 —0.45
4 2 1 2 0.40 0.47 —0.12
5 2 2 3 0.00 0.56 —0.34
6 2 3 1 0.51 0.00 0.21
7 31 3 0.31 1.00 -0.47
8 3 2 1 0.86 0.29 0.17
9 3 3 2 0.23 0.38 —0.14

K u NEGEAEVPIY uy NERRFBIE, u, NPURER
JEFE .

LAV RESTEN (£ 10): RINSHHEN
DR ARFEIE 1100 r/min, 1E & KA R A 200, 1EE
AALELE 1400 r/min, 500 B0RTE I % 28 B 15 1% RUR 10
(Rl 2R 3 YR 24 1E T AN G s AR T . IE R XL
S A UMRESEA G NFM, #1763 %IE R
5%, Z2CREHECESME, HHXUEEIREE R & 4%
H2.35%, PRZFN 2.75%.

®10 LZETHIREDN

Table 10 Range analysis of comprehensive scores

HIF SPSS B X 188 45 R AT Iy ZZ 0 M, 5 2R AN
8, IEHe UL 0] XX IE ¥ 126 25 B 35 A A R 3
S A 2 (P<0.01) 5 I i 44 T Xof 00X T ¥ 32
B RERMEE (P<0.05), X RURE I % 5 5 1 2k
RECMAME 2 15 KL 7 [ A 00 XX TE T 32 %
BYMEINEE.

*8 RWERFENN

Table 8 Variance analysis of experimental results

i H Items A B C
ky —0.220 -0.213 0.110
k, —0.084 -0.113 —0.144
ks —0.149 -0.127 -0.419
R 0.136 0.099 0.530

B A,B,C,

ERUSES C. 4. B

- AR H i W75 %
by = Sum of  Degree of  Standard F P
Index  Factor .
squares freedom deviation
A 0.001 2 0.001 52.00 0.019
Y, B 0.002 2 0.001 91.00 0.011
C 0.009 2 0.004 403.00  0.002
A4 0.003 2 0.001 127.00  0.008
Y, B 0.002 2 0.001 97.000  0.010
C 0.004 2 0.002 175.00  0.006

DR T VP A % 1 TR 300 UV 5 Ut % B 3 A e A1
PURRIFEM, KA R TR br EZ LRI LR 5 1
ik, fabrFEitE AN

4.5 HEAE

Bk 2024 4E 5 H, S TakH] T R ES B R L X e
KAWL PIERCRENLG R & 7 TR D SCHEEE, 15
I 25 SR ) R Bt S B HH A2 DL — 5 ) 3 2 N e IR
Ay BT, 2024 5505 0 T8 R A S XUIE $E v B H )
R

2024 4 5 H 7E A b R 2 i =2 56 FE T R H Tt
56, RIS X GO EI 5 B S~7d “HEh A% 627 JHEE.
B 4 MK 10 m PIPEMLIX, BEAMEML XIS 1k, HCF
Pl . BEHUELTFEIEN 1500 m, BTZEEREEA 1.4~3.6 km/h,
RIEIIAWIE 15 Fross

RMEML X G5 E A . AR AR TR R4S P
ORI AT . BUXIE I 16 2% B HE % CUORPRL 47 R
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RLAIHERE COFPRL, $5 IR AN (13) ~ (14) THEDRRL S A%
T AR To

LAV ST
15 @ik
Fig.15 Field test

M,
T, = — x 100% (13)
1 Mz X ()

M, (14)

T, = HXIOO%

8

T M, X 7 3 25 B RR T SCEE 48 PN R RL 5 4 5
MR, g M, NXUAGE T E LS B R TS N 26 R
i, g5 My AR R B, M=M MM,
g HA M, RGBT IE R B R R R, g M
R RN PR &, g3 Mo ONHER DR R, g;
My PRI TR R, MEMAM +Mc-M,, g5 M, NEGTRE
GRS R, go

H E R FE v, 5 A B SRR RN, J5iE%E
BLHENS, NS XURIE E IS B R RS 4R P51
9 3.05%, FFRIARFAFIIME 3.47%, B RUE 11,
AT 7 376 255 T8 37 326 J TH SRR RL 1 4 SR AN R R 35 /N T
5%, T HRGEFREE, Hil e mseihn Bolbadt .

F= 11 EEMERERTEL

Table 11 Cleaning performance comparative

T H ltems Yi/% Yo%
WURE T 02 B
Dual-airduct cleaning device 3.05 3.47
ARl e B

Single air channel cleaning devic 979 6.54
bR <s <6.5

Standards value

5 4

D ik T — MBS LS E, EE RS mELS .
Dod AR B RL e 5 A s KLEE %, A
By 1k e == B 28 RO i R, Wk TR R R, %
BEK 180 mm, HAE 100 mm, FRHIZJE M 25°, TR
HE 4.

2) Fe T 0hE Gk R v i R W B ) RS B A T,
13 AR L OF R RUHL AR T T A R O e XU T
RS SR GE 5 1 2% B AR M RE I EE R R, AIRUEX
MBS B AR RE, FIH CFD-DEM S ER & HR,
N i FE AT 1 EAL

3) X E R EZ RS 2] SUXEFERE

B S A NN FE A GE 1100 /min,  1E XML
JiTAAA 200, IEJEXHLESE 1400 v/min, FERESEA A
TEAREN 235%, WMKFEN 2.75%; HIAKE LY,
WU T8 I 1 A% BORFORL B 4 0N 3.05%, R4 K R
3.47%, 45 R SR 5 BOWOGR bR o

(& & x W]

(1] B, Jroe, akes B, 55 JEM S b R R R BIUIR

AR [I]. AR 39, 2021, 23(8): 1-7.
YIN Yan, YIN Liang, ZHANG Xuekun, et al. Status and
countermeasure of the high-quality development of rapeseed
industry in china[J]. Journal of Agricultural Science and
Technology, 2021, 23(8): 1-7. (in Chinese with English abstract)

21 XU, S, HERE, S5 REWSE R RIUR .
T3 RS SRLT. H EEMEYD AR, 2019, 41(4): 485-489.
LIU Cheng, FENG Zhongchao, XIAO Tanghua, et al.
Development, potential and adaptation of Chinese rapeseed
industry[J]. Chinese Journal of Oil Crop Sciences, 2019, 41(4):
485-489. (in Chinese with English abstract)

31 BURHE, &k, BEE, . =R EOR U

JE[T]. LA #AR, 2017, 48(9): 1-16.
LIAO Qingxi, LEI Xiaolong, LIAO Yitao, et al. Research
progress of precision seeding for rapeseed[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2017, 48(9): 1-
16. (in Chinese with English abstract)

[4] iU ss, #IEHE, EYIBK, .m0 XA R R R

4LZ—1.0Q i 2 W& W HI WL AT (0] o B AR HLAL 2 4
2014, 35(2): 148-154.
GU Fengwei, HU Zhichao, CAO Mingzhu, et al. Design of
4L7Z—1.0Q type lightweight-simplified combine harvester of
rice & wheat with hilly and mountainous area[J]. Journal of
Chinese Agricultural Mechanization, 2014, 35(2): 148-154. (in
Chinese with English abstract)

(51 b, b= A P A REN LA AFAE B i /R0 SR Al
M, 2020(3): 94-95.

[6] Rz, BAE, BRMAM, S5 MSEE PR S 7 B AR
WRCRER G PP EARHLA AR, 2024, 45(2): 1-6.
WU Chuanyun, FENG Jian, CHEN Xinghe, et al.
Comprehensive evaluation of the effectiveness of combined
and segmented rapeseed harvesting operations[J]. Journal of
Chinese Agricultural Mechanization, 2024, 45(2): 1-6. (in
Chinese with English abstract)

(71 AR, RIS, BocE, S5 JEM S BOSGR AT

FRIUREG R EST R[] R TR, 2015, 5(5): 1-4.
SHI Zengxiang, WU Mingliang, YANG Wenmin, et al.
Research status and development measures of rape segment
harvester in china[J]. Agricultural Engineering, 2015, 5(5): 1-4.
(in Chinese with English abstract)

(8] BRE, JiRT, iR, & lsgBE BRI K B
ARG SIARI]. Rl TR, 2015, 31(14): 24-31.
LIAO Qingxi, WAN Xingyu, LI Haitong, LIAO Qingxi, et al.
Design and experiment on cyclone separating cleaning system
for rape combine harvester[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2015, 31(14): 24-31. (in Chinese with English abstract)

(91 JETF, MW, BRE, 5 s a BRI ERItR
SUBE Ry B 1 25 BT T[], AU 4R, 2023, 54(1):
159-172.

WAN Xingyu, YUAN lJiacheng, LIAO Qingxi, et al. Design
and experiment of cyclone separation cleaning device with


https://doi.org/10.3969/j.issn.2095-1795.2015.05.002
https://doi.org/10.3969/j.issn.2095-1795.2015.05.002
https://doi.org/10.11975/j.issn.1002-6819.2015.14.004
https://doi.org/10.11975/j.issn.1002-6819.2015.14.004
https://doi.org/10.11975/j.issn.1002-6819.2015.14.004

436

Flk T2 (http://www.tcsae.org)

2025 4F

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

raised cylinder disturbing airflow field for rapeseed combine
harvest[J]. Transactions of the Chinese Society for Agricultural
Machinery, 2023, 54(1): 159-172. (in Chinese with English
abstract)

ELSAYED K. Optimization of the cyclone separator geometry
for minimum pressure drop using Co-Kriging[J]. Powder
Technology, 2015, 269: 409-424.

WASILEWSKI M. Analysis of the effect of counter-cone
location on cyclone separator efficiency[J].
Purification Technology, 2017, 179: 236-247.
HUANG A N, ITO K, FUKASAWA T, et al. Effects of
particle mass loading on the hydrodynamics and separation
efficiency of a cyclone separator[J]. Journal of the Taiwan
Institute of Chemical Engineers, 2018, 90: 61-67.

F0F, @M, RER, FRERETS LR
BRI ]. FOLHURAAR, 2018, 49(10): 92-102, 136.
LI Xinping, MENG Yajuan, ZHANG Jialiang, et al. Design
and test of cleaning device for roller rubbing cylinder sieve of
millet[J]. Transactions of the Chinese Society for Agricultural
Machinery, 2018, 49(10): 92-102, 136. (in Chinese with
English abstract)

FRGR, FRY, RALE, S AR S UGS G
B NSRS TSR, Ak TSR, 2020, 36(20):
84-92.

WANG Hanhao, LI Yaoming, XU Lizhang, et al. Simulation
and experiment of air flow field in the cleaning device of
ratooning rice combine harvesters[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2020, 36(20): 84-92. (in Chinese with English
abstract)

BAR S, AR, RN, S5 WZBARHIR S0 XE AR
B BT S AU AR, 2022, 53(S2): 39-51.
HOU Junming, REN Zhaotan, ZHU Hongjie, et al. Design and
test of double-layer inclined vibrating air-screen castor
cleaning device[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2022, 53(S2): 39-51. (in Chinese with
English abstract)

T f . 298l /R S660 B I A Ui 3K AL (3], AR AL Rl
2014(10): 40.

BVE, IROLE, A%, SFBHRAEN 2 XIETE LR E
WESSAI TR I]. AR TR, 2017, 33(12): 48-55.
LI Yang, XU Lizhang, ZHOU Ying, et al. Effect of extractions
feed-quantity on airflow field in multi-ducts cleaning device[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2017, 33(12): 48-55.
(in Chinese with English abstract)

o [ O AURAG B 228 ST . AU ST CFD M.
Jent: hEARAEA RO L, 2007

W&z, XM, kB, % STG-100A B9 i =2 BRI 45 #4) 5
T BRI RN S, 2021, 49(7): 208-211.

LIN Shuyun, LIU Wei, ZHANG Ming. Structure design of 5STG-
100A rape thresher[J]. Journal of Anhui Agricultural Sciences,
2021, 49(7): 208-211. (in Chinese with English abstract)

EH, B SESER R, KIR=, S EARNFRICR
MU 97 10 T 70 30 e 2 B e it 5 sl 0], AR ML AL S
i, 2024, 55(5): 135-147, 166.

WANG Fei, ALIMU Maimaitituersun, ZHANG Junsan, et al.
Design and experiment of pre-screening cleaning device for
combined screen surface of corn grain harvester[J].
Transactions of the Chinese Society for Agricultural Machinery,
2024, 55(5): 135-147, 166. (in Chinese with English abstract)

Separation and

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

(29]

RIEMR, R—-F, EEH], S5 ARG 2 A R LR
IFIERE BT T[] AL AR, 2015, 46(7): 102-108.
LIU Zhenghuai, ZHENG Yiping, WANG Zhiming, et al.
Design on air-flowing cleaning unit of micro rice-wheat
combine harvester[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2015, 46(7): 102-108. (in Chinese
with English abstract)

FRT, §TRE, 1R, & S A L sk 2 R
IR T SR [I]. £l TAEA4R, 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 Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2018, 34(14): 27-35. (in Chinese
with English abstract)

FRE, B, HRET, S5 BRE GRS Y E O
PIHSHbRE SR AL TRYR, 2022, 38(9): 34-43.
SHU Caixia, YANG Jia, WAN Xingyu, et al. Calibration and
experiment of the discrete element simulation parameters of
rape threshing mixture in combine harvester[J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions
of the CSAE), 2022, 38(9): 34-43. (in Chinese with English
abstract)

RER MSNUAC IR BOR [M]. BT YT5K 5 AL,
2017.

Ik, AN, NE, S5 BRI AR b 2R AT AL 1
R B IG TR [I]. ARl LFESHR, 2020, 36(24): 11-18.
ZHAN Guangchao, MA Lina, HUANG Xiaomao, et al.
Experimental study on impact crushing of rapeseed stalks
during threshing of oilseed rape[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2020, 36(24): 11-18. (in Chinese with English abstract)
TR, REA, A, S5 PRI SEUSCHR A A
HUBRARF I K 230 g 2R e s 5 43 A (0], VPG ARk 223,
2018, 30(6): 104-108.

SHI Xinxin, WU Chongyou, LI Hua, et al. Measurement and
analysis of physical mechanical properties and aerodynamic
characteristics of harvesting extractions from two rape
varieties[J]. Acta Agriculturae Jiangxi, 2018, 30(6): 104-108.
(in Chinese with English abstract)

WO, AR, BRI, SR URE UG 2 R BORL AR
Ty B E L LT SRR R AL HURR A R, 2021, 52(4):
117-125+247.

DAI Fei, FU Qiufeng, ZHAO Wuyun, et al. Design and test of
double duct system of air-screen separating and cleaning
machine for flax threshing material[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2021, 52(4): 117-
125+247. (in Chinese with English abstract)

fEiOG, BR3g, REIs, & /DR SERE BOERHLAUAE
AU R BB SRR ] W ALK R (R
BIZERRD , 2020, 46(4): 472-479.

REN Shuguang, CHEN Sai, WU Mingliang, et al. Design and
experimental study of the air cleaning device with double air
duct for small rapeseed combined harvest[J]. Journal of Hunan
Agricultural University (Natural Sciences), 2020, 46(4): 472-
479. (in Chinese with English abstract)

S, FRIE, AR, S NEBRESBERPIH O 2
KB EE LRI [T]. Al TFE2E4R, 2020, 36(10): 26-34.
JIN Chenggqian, LI Qinglun, NI Youliang, et al. Experimental
study on double air outlet multi-ducts cleaning device of wheat
combine harvester[J]. Transactions of the Chinese Society of


https://doi.org/10.1016/j.powtec.2014.09.038
https://doi.org/10.1016/j.powtec.2014.09.038
https://doi.org/10.1016/j.seppur.2017.02.012
https://doi.org/10.1016/j.seppur.2017.02.012
https://doi.org/10.1016/j.jtice.2017.12.016
https://doi.org/10.1016/j.jtice.2017.12.016
https://doi.org/10.6041/j.issn.1000-1298.2018.10.011
https://doi.org/10.6041/j.issn.1000-1298.2018.10.011
https://doi.org/10.6041/j.issn.1000-1298.2018.10.011
https://doi.org/10.11975/j.issn.1002-6819.2020.20.011
https://doi.org/10.11975/j.issn.1002-6819.2020.20.011
https://doi.org/10.11975/j.issn.1002-6819.2020.20.011
https://doi.org/10.11975/j.issn.1002-6819.2020.20.011
https://doi.org/10.6041/j.issn.1000-1298.2022.S2.005
https://doi.org/10.6041/j.issn.1000-1298.2022.S2.005
https://doi.org/10.6041/j.issn.1000-1298.2022.S2.005
https://doi.org/10.3969/j.issn.1001-0254.2014.10.022
https://doi.org/10.11975/j.issn.1002-6819.2017.12.007
https://doi.org/10.11975/j.issn.1002-6819.2017.12.007
https://doi.org/10.11975/j.issn.1002-6819.2017.12.007
https://doi.org/10.3969/j.issn.0517-6611.2021.07.059
https://doi.org/10.3969/j.issn.0517-6611.2021.07.059
https://doi.org/10.6041/j.issn.1000-1298.2015.07.016
https://doi.org/10.6041/j.issn.1000-1298.2015.07.016
https://doi.org/10.6041/j.issn.1000-1298.2015.07.016
https://doi.org/10.11975/j.issn.1002-6819.2018.14.004
https://doi.org/10.11975/j.issn.1002-6819.2018.14.004
https://doi.org/10.11975/j.issn.1002-6819.2018.14.004
https://doi.org/10.11975/j.issn.1002-6819.2018.14.004
https://doi.org/10.11975/j.issn.1002-6819.2022.09.004
https://doi.org/10.11975/j.issn.1002-6819.2022.09.004
https://doi.org/10.11975/j.issn.1002-6819.2022.09.004
https://doi.org/10.11975/j.issn.1002-6819.2022.09.004
https://doi.org/10.11975/j.issn.1002-6819.2020.24.002
https://doi.org/10.11975/j.issn.1002-6819.2020.24.002
https://doi.org/10.11975/j.issn.1002-6819.2020.24.002
https://doi.org/10.11975/j.issn.1002-6819.2020.10.004
https://doi.org/10.11975/j.issn.1002-6819.2020.10.004
http://www.tcsae.org

5510 PNBEGERE: FEfi Ll X SRS R SR LOUXE 75 120 B i 5 il 437

Agricultural Engineering (Transactions of the CSAE), 2020, optimization and experiments of cylinder cleaning sieve for the
36(10): 26-34. (in Chinese with English abstract) edible sunflower combine harvester[J]. Transactions of the

[30] sREEim, #HEEsE, SUNgR, 5. SEBLABOGRYLIE @& & Chinese Society of Agricultural Engineering (Transactions of
it 55 [0]. R TR, 2023, 39(6): 44-53. the CSAE), 2023, 39(6): 44-53. (in Chinese with English
ZONG Wangyuan, WEI Xinxin, MA Lina, et al. Structural abstract)

Design and testing of a dual-airduct cleaning device for oilseed rape
harvesters in hilly and mountainous areas

SUN Xiaoxiao® , ZONG Wangyuan'?* , MA Lina'? , WAN Xingyu'

(1. College of Technology, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment in the
Middle and Lower Reaches of the Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: To address the issues of residue blockage, high seed impurity rates, and high loss rates in the cleaning system of
rapeseed pickup harvesters operating in hilly and mountainous terrains, this study designed a dual-airduct cleaning device. The
system consists of a scraper conveyor, an acceleration roller, a positive pressure fan, a cyclone separation cylinder, and a
negative pressure fan. To prevent blockages in the cleaning chamber and accelerate residue removal, the acceleration roller was
designed with a length of 180 mm, a diameter of 100 mm, a spiral blade angle of 25°, and four blades. Based on the kinematic
and dynamic analysis of the residue during the cleaning process, the main factors affecting the performance of the device were
identified as the acceleration roller speed, the airflow direction angle of the positive pressure fan, and the speed of the positive
pressure fan. To validate the performance of the dual-airduct cleaning device, Fluent-EDEM gas-solid coupling simulations
were conducted for the rapeseed residue cleaning process. The simulation was set with an acceleration roller speed of 1 100
r/min, a positive pressure fan speed of 1600 r/min, and a positive pressure fan airflow direction angle of 20°. During the
cleaning process, residues moved in the direction of the airflow, with uniform relative movement trajectories and minimal
impact of the residues on the airflow. The airflow had a greater impact on the residue motion. The motion trajectories of
different residue components showed that the velocity of the residues underwent two significant changes: the first due to the
acceleration roller's action, and the second due to the positive pressure fan airflow. The simulation results indicated that the
velocity change of different residue components varied significantly, allowing for better separation of seeds, stems, and
impurities, achieving effective cleaning. After the simulation, statistical analysis revealed a seed impurity rate of 2.29% and a
loss rate of 2.71%, indicating that the dual-airduct cleaning device was capable of completing the cleaning of rapeseed seeds
with a reasonable overall structural design. Using the acceleration roller speed, positive pressure fan airflow direction angle,
and positive-pressure fan speed as influencing factors, with seed impurity rate and loss rate as evaluation indices, bench tests
were carried out with a feeding rate of 0.2 kg/s. Single-factor tests were conducted within the following ranges: acceleration
roller speed (800-1 200 r/min), positive pressure fan airflow direction angle (5°-25°), and positive pressure fan speed (1 200-
2000 r/min). The optimal parameter ranges were found to be: acceleration roller speed (1 000-1 200 r/min), airflow direction
angle (15°-25°), and fan speed (1 400-1 800 r/min). Based on the single-factor test results, a three-factor, three-level orthogonal
experiment was performed. SPSS software was used for range and variance analysis of the test results, which showed that the
positive pressure fan speed had an extremely significant effect on both impurity and loss rates. The acceleration roller speed
had a significant effect on the impurity rate and an extremely significant effect on the loss rate. The airflow direction angle had
a significant effect on both performance metrics. To comprehensively evaluate the impact of each experimental factor on the
seed impurity and loss rates, a weighted comprehensive evaluation method was used. Since, in actual cleaning operations, loss
reduction is prioritized while keeping the seed impurity rate low, the impurity rate weight was set at 0.4 and the loss rate weight
at 0.6. A comprehensive score was used as the evaluation standard. The analysis showed that the main influencing factors on
cleaning performance were: positive pressure fan speed, acceleration roller speed, and airflow direction angle. The optimal
parameter combination was found to be: acceleration roller speed of 1 100 r/min, airflow direction angle of 20°, and positive
pressure fan speed of 1400 r/min. Under these settings, the dual-airduct cleaning device achieved a seed impurity rate of 2.35%
and a loss rate of 2.75%. Field trials with these optimized parameters showed smooth material feeding with no blockage in the
pickup header. The average impurity rate was 3.05%, and the average loss rate was 3.47%. The test results confirmed that both
rates were below 5%, outperforming single-airduct cleaning systems and meeting the segmented rapeseed harvesting standards.
This study provides theoretical support for the improvement and optimization of cleaning devices in the mechanized rapeseed
harvesting process in hilly and mountainous areas.
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