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Development and Test of Positive and Negative Pressure Combined Side
Knife Cutting Scattered Seed Recovery Device for Rapeseed Header

GUAN Zhuohuai JIANG Tao MU Senlin LI Haitong ZHANG Min WU Chongyou
( Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract; Mature rapeseed pods split easily. Under the shearing and vibration forces of the side knife,
the pod splits, and the rapeseed scatters out of the header, resulting in high rapeseed losses. Aiming at
the problem, side knife cutting scattered seed pneumatic recovery method was proposed, and positive and
negative pressure combined side knife cutting scattered seed recovery device was designed. The scattered
materials were collected by the positive pressure airflow direction and transported to the entrance of the
negative pressure airflow, and then directed by the negative pressure airflow to recover and pneumatically
transported back to the header to achieve recovery and loss reduction. The internal flow field simulation
analysis model of the recycling tube was built based on Fluent. The results of the single-factor test showed
that the negative pressure airflow velocity was decreased with the increase of the throat diameter and
increased with the increase of the throat inclination angle, and the diameter and inclination angle of the
throat were determined to be 70 mm and 120° respectively. Negative pressure airflow velocity was
decreased with the increase of decreasing angle and decreasing angle in a certain range and there was an
interactive effect, the determining factors were the inlet diameter, shrinkage length, outlet diameter and
diffusion length. A quadratic regression orthogonal combination test was conducted using negative
pressure airflow velocity as the evaluation index. The results showed that the importance of the factors

affecting the negative pressure airflow velocity were length of the diffusion length, inlet diameter,
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shrinkage length, and outlet diameter. The optimized parameter combination was inlet diameter of

94 mm, shrinkage length of 38 mm, outlet diameter of 115 mm and diffusion length of 350 mm.

A coupled CFD — DEM simulation model of the internal airflow-material in the recovery device was

developed to study the influence of positive and negative pressure airflow velocity on the material recovery

effect. The results showed that the material recovery rate was firstly increased and then decreased with the

increase of positive pressure airflow velocity, and continued to increase with the increase of negative

pressure airflow velocity. The optimal positive pressure airflow velocity was determined to be 20 m/s.

Based on the analysis of positive and negative airflow, the ratio of the cross-sectional area of the two

airflow channels in the airflow distributor was determined to be 1:3. Field tests showed that the loss rate

of rapeseed header and side knife were 1.26% and 0.39% respectively after equipping scattered seed

recovery device, and the loss rate was decreased by 21. 8% and 47.3% respectively. The header loss

and side knife loss were effectively reduced. The study can provide a reference for the design of low loss

rapeseed header.

Key words: rapeseed; combine harvest; header; side knife cutting loss; pneumatic recovery
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Tab.1 Main parameters of combine harvester

SMER (K x 55 x 8 /(mm x mm x mm) 6 940 x 3 280 x 3 460
LG kg 6450

# B T8 B/ mm 2900
AR/ (kges™") <6
PSR/ (km-h™") 1.6 ~7.2
eV 472 %/ (hm? -h ™ ") 0.7~1.5
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Fig.1 Diagrams of pneumatic recovery device for
combine harvester side-cutting loss
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Fig.2 Sketch of airflows and material transportation path
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Fig.3 Structure diagram of recovery pipeline
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Fig.4  Airflow in recovery pipeline
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Tab.2 Coding of experimental factors mm
A%
i F R i 4 Be 1A B
HZA KEZ B HfEC KED
-1 90 34 100 150
0 100 37 110 250
1 110 40 120 350

XP AR A By 5 R R I e R T
EInt S DONCINEE R R X = T U CI S
VR, A5 R AR 4 R .

MR RS E y k2ol A BIR T 225
Wi 3, MIARLE P <0.01, 582, Pl P>
0.05, AN, Ui FH BRI BB IEHfi )e ik v 5 A B.C.D
Z B PR FR I X e g5 R AT I, Hh R A,
B.C.D AD CD .C* . D*Xt y f Wit 3% ,AC B* Xt y
semm i 2 IR P R Z R A A2 BAE I y (5 i i
FOOBRARERNRG, R E y 19 =K mH
Y Sy

y= —499.17 +0.874 +8.91B +6.74C -0. 41D -
0.014AC +0.001 6AD +0.003 4CD -0.11B* -
0.029C* -0.000 16D* (1)
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Tab.3 Schemes and results of experiment

IS A/mm B/mm C/mm D/mm  y/(m-s~")
1 110 34 110 250 23.6
2 100 37 100 150 25.1
3 110 37 100 250 25.3
4 90 37 110 350 30. 5
5 100 37 120 150 15.0
6 100 40 100 250 25.1
7 110 37 120 250 19.9
8 100 37 120 350 29.6
9 100 40 110 150 21.9
10 100 37 110 250 28.5
11 110 37 110 350 29.2
12 90 37 100 250 26.3
13 100 34 100 250 23.2
14 100 40 120 250 27.1
15 100 34 110 350 29.0
16 90 40 110 250 30.9
17 100 37 110 250 28.5
18 90 34 110 250 27.2
19 100 34 110 150 18.2
20 100 37 110 250 28.5
21 110 40 110 250 25.1
22 100 34 120 250 21.6
23 90 37 110 150 25.8
24 100 40 110 350 32.6
25 100 37 110 250 28.5
26 100 37 100 350 26. 1
27 100 37 110 250 28.5
28 90 37 120 250 26.3
29 110 37 110 150 18. 1
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Tab.4 Variance analysis of regression equation

ZRKW FHFM AmE  BEE F r
9 471. 06 14 33.65  52.34  <0.0001*
A 55. 47 1 55.47  52.64  <0.0001*
B 33. 00 1 33.00  53.31  <0.0001*
C 11.21 1 11.21 31.72 0.0054*
D 233.20 1 233.20  10.78  <0.0001**
AB 1.21 1 1.21 224.12 0.290 3
AC 7.29 1 7.29 1.16 0.0191*
AD 10. 24 1 10. 24 7.01 0.007 3 **
BC 3.24 1 3.24 9. 84 0. 099 4
BD 0 1 0 3.11 0.961 6
cD 46.24 1 46.24 0 <0.0001"*
A2 4.55 1 4.55 44. 44 0.0552
B? 8.96 1 8.96 4.37 0.0109 "
c? 59. 85 1 59. 85 8.61  <0.0001 "
D? 19. 30 1 19.30  57.52  0.0007**
5% 2% 14.57 14 1. 04

AU 14.57 10 1. 46
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S 485. 63 28

eowr RRFE MM B E (P <0.01), + FX/RFWEF (0.01<
P<0.05),

Vot DN VINNIE DNIEE: - DN VA e i
1] (4 7R AL TR Wi B BE D X B R AU R y Y
X T AR C B
2.1.3 ZHH Bk

HIAREPEZBMASHALG, DR PEHER
0 FL o 29 0%, DLfR R i ] O A A
(1)) H b e& B, SR He e RAE . A5 670K U0
R A 33.76 m/s, A Ak R D HE X H AR
93.72 mm ¥ 4F B K JE 37.80 mm, H M H H 2
114,15 mm % 4 Bt K B 349. 82 mm, JtG B i 4 £
B=7.2°, 4% ffiy =35.8°,

e e A 2 Btk A7 5 FLERIE , 45 601
34.80 m/s, HUALE RIEAMW 5. 255

0
200 105 \
;1507100 (N

iy N

o)

A
3

(¢) A=100 mm ,B=37 mm

PE 6 2 H PR 3R N B AR R R T 4 7 T

Fig.6 Effects of interactive factors on negative air speed
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Fig.7 CFD — DEM simulation analysis model

of recovery process
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Tab.5 Simulation mechanical properties

251 ZH HH
AT RL =% R/ (mm x mm x mm) 2x2x2
P H 42 /mm 4

K /mm 45 ~65
ilf 488 1R 52 32 K 0.3
A R—KFRL T JEE 458 DR 4 0.4
TR 2l BE 4 R 0.01
il 3 Wk 5 R B 0.2
BRI IR 8 TR B 0.4
TR 2l BE 45 R 0.01
ilf 18 Wk 52 R A 0.2
VY R R R B 0.5
TR 20 BE 4 R 0.01
ill 13 Wk 52 R 0.6
FFRL—FF L A IBE 4 TR K 0.5
TR 3l R R AL 0.01
ilf 488 1R 52 FR B 0.6
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Fig. 10 Simulation result of materials motion in composite pneumatic airflow
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Tab.6 Simulation results of recovery rate

BRI, SRR/ R R/

W75 3 3
(m-s™") (m-s™") %
1 15 15 85.1
2 15 20 89.2
3 15 25 92.0
4 20 15 92.6
5 20 20 94.17
6 20 25 97.2
7 25 15 91.8
8 25 20 93.2
9 25 25 93.9
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Tab.7 Variance analysis of positive and negative

pressure airflow velocities to recovery rate

T ) A B F il
ERKIFE FHA F P
B 1 A

FEEA MM 166.04 2 83.02 99.09 1.92 x10°' 3.55
fMESHEE 87.1 2 43.55 51.98 3.32x10°1" 3.55
A HAEH 18. 08 4  4.52 5.39 0.004 9 2.93
N B 15. 08 18 0.84
Mt 286.29 26
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Tab.8 Results of field trial
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