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Design and Experiment of Self-propelled Rapeseed Stalks Harvester
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Abstract; Due to the requirements of multi-functional development of rapeseed for vegetable use, the
existing rapeseed stalks harvesting machinery is insufficient, manual picking efficiency is low, and the
cost is high. Combined with biological characteristics and agronomic requirements of rapeseed stalks, a
self-propelled rapeseed stalks harvester was developed, which could realize self-propelled, automatic
lifting, unified harvesting of stems and leaves, and complete cutting, conveying and collecting of
rapeseed stalks at one time. Based on dynamics and kinematics analysis of rapeseed stalks harvest
cutting, conveying and gathering phase, main factors that influencing the efficiency of the harvest were
carried out, the design and parameter analysis of the cutting device, reel device, transmission device and
cutting table double lifting system were carried out. The former feeding speed, cutting line speed,
conveyor belt speed and rotating wheel speed were taken as factors, and the rapeseed stalks harvesting
missed cutting rate, transportation failure rate and stem and leaf damage rate were taken as evaluation
indexes. The quadratic regression orthogonal rotating bench test was carried out, and the comprehensive
scoring method was used to determine the optimal operation parameters: forward speed was 0.56 m/s,
cutting line speed was 0.50 m/s, the conveyor belt speed was 0.79 m/s and the rotary speed was
49.70 r/min. Under the optimal parameter combination, the rapeseed stalks harvesting effect was the
better. The results of field experiment showed that the harvester cut the stubble in order after operation.
Under the optimal combination of parameters, the rate of missed cutting was 4. 28% , the rate of transport
failure was 3.42% , and the damage rate of stem and leaf was 6.39% , which could meet the actual
production demand of rapeseed stalks. The research result could provide reference for the structural
design and optimization of rapeseed stalks harvester.
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Fig. 1  Cultivation agronomy of rapeseed stalks
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Tab.1 Main technical parameters of rapeseed stalks
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Fig.3  Structure diagram of self-propelled rapeseed

stalks harvester
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Fig.4 Harvesting electromechanical control system
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Fig. 11 Structure diagram of rotary wheel
RABIES K ARG E4 0 93.4 ~260. 0 mm, %
T B KAE 260 mm
LA H, (FEREI 1) i+ E R

H, =R, +2c (17)
TR AR A 2 3 & 2 353.4 ~520.0 mm, %
TR R AR R BN — it i IRCRT R R R Ol 300 ~
550 mm,

WKL 22 R A O FLFTHLR AR R i 3 42
TR B2 ORI 28 5 7 e I A B 4
o AR AR R R AREOR 3 .

AR i gl Nk M b — S a8 sh AT i,
Ho g vl i 2 il e 2l 55 BE WA SR AL — R AR 2E 5
& oz g, s g 7 oy

x=v,l+R,cos(w,t)
{y =H, +h - R,sin(w,t)
A a—— %M EAE— KPR
y— MR AT — A% E AR

= C18) AT, #k M AT — s A Sl S 4
R, PR L O HR R B 2 3 3 5 ML ZH i A R 1Y
FOff e — @R Bk TRz shBik .

A 12 A, A A > 1 G o — 434
2, B N ge N BN, O B AT N 13 TR, kR
HAT K- 0 J5 04 73 B, HL ) 5 4R ORI Lk
AR A SHRMEL n, FIEHSE 0, L) RBOR X R A
Ko MR EWORES o, AR 1 m/s, HIRHREN 3,
AN IOR L (H B L g R 23 3 ik R A8 e el i
XPMERE T W B, 458 ORI T
A B2 558 A 14.70 ~73.49 v/min,

(18)

12 ORI A I R 58 R s S L il
Fig. 12 Trajectory of end of rotary wheel at different A values
3.3 R EEHIRT
T 3R 2L 25 AT B VIR i 28 2 L 52 B 3R AL

K13 HoREeis s

Fig. 13 Track of rotary wheel
Pk A R A AU AR kA kT
F SR A B R ALAE, R 14 R, Ry
T 6 o) PR RS Mk, B 0 FE R RN € BEAT, B TR
£ B (Y = e 5 K i e e b 4 21 D 5 B ) i
7 Sl 7 A 3l VR 81 M FE 3R 0B 3, o 1 2% 1R
|28

Pl 14 f 2% 256 B 45 0 R 2 8]
Fig. 14  Conveying device structure diagram
LAP RS 2.6k 3. BB R 4. MM 5. Aok B
HOOHMSKERE 7. EIEME 8 HWBHL 9.4t 102
PEFF 11 AEHIRE

kAT Sy PVC A BT, K 3 380 mm, B K
1 780 mm .4 3% 7 16 20 25 B (1) 356 B 32 2 L T A8 Ak
R R 0 OB ] S EE A Al B S
A [) 2 fooh 25 T [ 9 BN R A AR, R RS S AE SR A
P2l TR 5 R0 FH ) 2 1) T b AR BU S R < 25 T 4K SURN
FPPAE S, MK B W 15 iR

T30 BN 44 7o S B e Bl A B S KO TR IR
0°.30°.45°,60° ,90° [ JIii J3° E 17 0 3, 43 A7 AN [+ il
TR B o) T i ) R A AR ST o i SR EE A R
T %ty 2T, 218 1 M A AR B YA AR R T i
IS AR KO RO K AR T
P rpa], R IGZCR AN W A R RISk T S BE R A
W S 4, WO B e I g5 R an e 16 firs,
S5 R ISR B AE W R AR B A EOR R AT
(4 B5 /N T i BT EE 48 £ 43 301 Oy 36. 2° 1 31, 4° ik i)
PR IS AT B S o T v, D0 S 18 FH T 30 EE AR ALK
{18 B PR AL S0 16, R 65 d R BAA N /N T 36. 20,

= Bl R AT T S 4 ik i O A% 8 g g Rns g



%3 1 BIRE %

A & 2 S ORI S iR R 133

P15 i S BE A R

Fig. 15 Test of static sliding friction angle
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Geometric position diagram of lifting device
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Tab.3 Test factors and codings

Gy I

A/(m+s™") B/(m+s™') €/(m-s™') D/(rmin"")
-1 0.4 0.3 0.4 40
0 0.6 0.5 0.8 50
1 0.8 0.7 1.2 60

WeAR AR AT #18 Y, ik 5 IR Y Je 25 Ml
BUE Y, AT LR G MV, Z5 5 W0 Y RN

Y=0.4Y, +0.2Y, +0.4Y, (22)
N,
Hrp Y, =¥ oV x 100% (23)
m
Yy=—— x100% (24)
m,+m,
mn
Y, =——x100% (25)

m, + m).
N, —— 735 0 1 i S b
IV, —— T 35 5 A B A
i —— 5 % B A P I S
m,—— S W S 2 I i
— 1
m, —— W 25 0 R (SRR g 0 2 9
TR T 10%) g
L5 VTS N
4.3 HBEREHI
RIZE RN 4 5. X, X, X, X, 2 4
i

NG

4 HBER
Tab.4 Test results

e A% Yo/% Yo/% Yy/% Y/%
X, X, X, X,
1 -1 -1 0 0 6.67 433 7.14 6.39
2 1 -1 0 0 833 52 634 692
3 -1 1 0 0 500 4.61 847 6.31
4 1 1 0 0 6.67 533 9.49 7.53
5 0 0 -1 -1 417 6.16 8.70 6.38
6 0 1 -1 500 6.38 5.41 5.44
7 0 -1 1 500 567 627 564
8 0 1 I 500 626 9.75 7.15
9 -1 0 0 -1 417 6.92 8.15 6.31
10 1 0 0 -1 5.8 532 7.06 6.22
1 -1 0 0 1 500 531 642 5.63
12 1 0 0 1 5.83 591 10.14 7.57
13 0 0 -1 0 417 511 9.40 6.45
14 0 1 -1 0 500 481 687 571
15 0 -1 1 0 58 496 6.47 5.91
16 0 1 1 0 417 4.72 10.67 6.87
17 -1 0 -1 0 58 512 659 599
18 1 0 -1 0 58 491 7.04 613
9 -1 0 1 0 500 509 611 5.46
20 1 0 1 0 6.67 562 875 7.29
200 0 -1 0 -1 538 651 7.37 658
2 0 1 0 -1 417 6.62 657 562
22 0 -1 0 I 5.83 4.87 584 564
24 0 1 0 1 417 512 1105 7.11
25 0 0 0 0 417 3.66 5.80 4.72
26 0 0 0 0 500 3.42 512 4.73
270 0 0 0 3.33 3.92 6.8 4.86
28 0 0 0 0 417 3.81 563 4.68
29 0 0 0 0 3.33 437 7.01 5.0l
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F A Design-Expert 8. 0. 6 %f iz 4 45 5 b 47 )7 22
ST EERNGR 5 P . HEER 5 AT SR R IR AL
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Tab.5 Analysis of variance

FERE FHM O HHRE  ¥HIrM F P
A 19.70 14 1.41 55.52  <0.0001
A 2.59 1 2.59 102.00  <0.000 1
B 0.13 1 0.13 5.22 0.0385
c 0.28 1 0.28 10.89  0.0053
D 0.40 1 0. 40 15.77  0.0014
AB 0.12 1 0.12 4.70 0.048 0
AC 0.71 1 0.71 28.17  0.000 1
AD 1.03 1 1.03 40.64  <0.000 1
BC 0.72 1 0.72 28.50  0.000 1
BD 1.48 1 1.48 58.24  <0.000 1
cD 1.50 1 1.50 59.20  <0.000 1
A 6. 17 1 6.17 243.27  <0.000 1
B? 5.09 1 5.09 201.00  <0.000 1
C? 2.03 1 2.03 79.89  <0.0001
D? 2.89 1 2.389 114.02  <0.000 1
5% 2% 0.35 14 0. 025

1) 0.28 10 0.028 1.53 0.3615
PR 0.073 4 0.018
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Fig.20 Interaction response surfaces
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