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Design and Experiment of Row-following Rapeseed Stalks
Orderly Harvester

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

Abstract; Rapeseed stalks are nutrient rich vegetable, but the harvesting of rapeseed stalks mainly relies
on manual labor, because it is lack of mechanized harvesting equipment for rapeseed stalks, which
seriously restricts the development of the rapeseed stalks production. In order to realizing mechanized
harvesting for rapeseed stalks, a row-following rapeseed stalks orderly harvester was designed. The
machine was mainly composed of narrow track chassis, divider, single disc cutter, flexible conveying
device and motors to realize the functions of cutting, clamping, conveying, collecting and laying stalks.
The overall structure and working process of harvesting were expounded. The parameters of the rotational
speed and installation position of disc cutter were designed based on the clamping cutting theory.
According to the kinematics and mechanical analysis of rape stalk in the process of conveying, the speed
of conveyor and clearance between the two conveyors were designed. Based on the force balance
conditions of the rapeseed stalk during the laying process, the range of the inclination angle of the guide
plate was determined. The rapeseed stalks orderly harvester was developed, and field experiments with
the cutting damage rate and variation coefficient of laying angle as the evaluation indexes were carried
out. The quadratic polynomial regression models between the evaluation indexes and factors were
established, and the influence of each factor on the evaluation indexes were analyzed. The optimal model
for evaluation indexes was obtained. The results showed that the comprehensive cutting effect and orderly
laying effect was the best when the machine forward speed was 0.5 m/s, the cutting blade speed was

910 r/min, the conveying speed was 0. 75 m/s, and the inclination angle of the guide plate was 49°. The
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verification test showed that under the optimized parameter combination conditions, the cutting damage

rate and variation coefficient of laying angle results were 4.95% and 9.55% ,

respectively, which met

the requirements of rapeseed stalks orderly harvesting. The research result can provide reference for the

design and parameters optimization of rapeseed stalks orderly harvesting equipment.

Key words: rapeseed stalks orderly harvester; row-following; single disc cutter; field experiment
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Fig. 1  Structural diagram of row-following rapeseed

stalks orderly harvester
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Fig.2  Working process of row-following

rapeseed stalks orderly harvester
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Fig.3 Schematics of flexible gripping device
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Fig.4 Velocity analysis of stalk in conveying process
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Fig.5 Force analysis of stalk in cutting process
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WA X, KX, WEEX, fHfaX, Y,/% Y,/ %

s

il

1 0 1 0 1 7.22 12.75
2 -1 0 -1 0 5.64 10. 26
3 0 0 0 0 5.65 9.46
4 -1 -1 0 0 8. 68 9.84
5 -1 0 0 1 6.62 12. 45
6 0 -1 0 -1 8.08 10. 96
7 0 0 -1 1 9.85 16. 65
8 0 -1 -1 0 11. 62 12. 64
9 1 1 0 0 10. 74 10. 43
10 0 -1 0 1 8.03 12. 89
11 -1 0 1 0 9.12 12.15
12 0 0 1 -1 6.08 13.36
13 1 0 -1 0 12. 15 14.56
14 1 0 0 -1 10. 28 14.55
15 1 0 1 0 5. 64 10. 45
16 0 0 0 0 4.86 9.67
17 0 -1 1 0 10. 55 11.55
18 0 0 1 1 6. 05 15.56
19 0 0 0 0 4.25 8.57
20 0 0 0 0 4.50 9.97
21 0 0 0 0 5.25 10. 15
22 0 1 1 0 7.80 11.65
23 1 -1 0 0 12.28 12.25
24 0 0 -1 -1 9.80 15.15
25 -1 1 0 0 7.55 9.75
26 -1 0 0 -1 6.75 11.55
27 1 0 0 1 10. 25 17.02
28 0 1 0 -1 7.18 10. 95
29 0 1 -1 0 10. 62 12. 68

Y, =9.5+0.99X, +0.33X, - 1. 19X, +0.3X, +
0.72X,X, - 1.41X,X, -0.42X,X, -0. 012X, X, +
0.26X,X, +0.55X, X, +0. 13X} +0. 48X +

1.75X2 +3.48X; (10)
M7 2203 AT (3R 4) il S8 EE D) R B A5 3 Y,
FEH L AR A S R Y, LA B AL P {E /N T 0. 01,
Y m] AR AR g B B R R A P {E R T 0,05,
I [R1 DARE R AL B R R E AR B R 4301k 0,901
F10. 892, 3% B [l I 455 7 Xof o A 450 40 i R 2 R 0
THHHM“I 53 AT MAT AR it 35 252 1 1) 1) JB 0 T BT
P X, X, X X XD X0 XS X )B4 45 3R Y,
W B KR X, XTI R Y, s B,
USESA TN A SOR IE A E R RS A T 2
PEH R BUNBT R X, X X, X, o JRRAE T L4
T S R R i % Y RS A A DG T DG R B ik
R Je Rl SR AL, I MUV RIS TE A SCHE ST

JJ*J?H}%JJ*JTN%&/J N 5 LA I I R A A K
HRE DT E 5 2R AN 2 1 0 e AL e A FR E i 3]
FEVEN R A TC S 25T DIHNh 2, i g D) 4
ik, ZE X, X, X, X2 X2 kol il £ 75 5 B 8%
Y, Ak W R XX, X, RO A S R ALY,
SO 0 2, A AR SR AN 2, 4% DR Bl T A
S F O e e 2 R BNUY A X, X XX
3.2.2 Wa LT A3 B

R A5 i S 22 D10 453 47 23 0 G A 78 S AR Bk
0 235 AN ] R R 22 ] ) 3 30 98 AR 52 el S8 35 1Y 28
HAEJH RS20 T, 45 R A 9 .10 s .

SRR RZI DR S IR T8 R A R LRI S
(X, =0,X, =0) B, {5 5 i 26 47 o B8 28 B4R
JFHOGT I3 45495 23 008 e 07 T %4 A R ] AE e —
K B a0k T RE 1, U0 4 2 5 S e
ANE G R, Hmka EEAE 0.5 ~ 0.8 m/s i
Fil A A e DI (L 5 244 % 1 2 [ 8 A — K Pk, 1
4475 23 I I S 3 A 2 B ST el /N i S R )
P HAE0.4 ~0.7 m/s {8 il N R AL (E .

P10 Ay [ 5% D) 7T % 38 R A5 dat AR A A3 452 T oo
K- (X, =0, X, =0) B, Fif7E 2 5 15 i ok i 5 52
A OGS Bl AR 8 S 2R HRCA W DO TRT o 4 T R [
SEAEHE— 7K I B 25 i 06 iy 3 1, el A 7
FHCR P ST 0N R G I i ke e, H S 2k A
0.5 ~0.8 m/s Bl WA S U0 AH 5 24 i 8 4 ok 8 [ 7
EHE— K- G A 28 S 2% K00 a2 S E B
IR 5G9/ T i 48 ) A
3.3 HHMNK

HR A T5 22 J3 B 01 0 1O 187 53 A 485 28, S B3k (] 0 A
AU B 2 I, DAL DD 45 0 3 Y R R A S
REY, W AR 25 )

Y, =5.47 +1.42X, -0.68X, - 1.2X, -0. 013X, -
2.5X, X, +1.9X; +2.49 x10 *X; + 1. 81X,
(11)
Y, =9.87 +0.99X, +0.33X, — 1. 19X, +1.3X, -
141X, X, +1.04X; +1.66X; +3.39X; (12)

R 45 11 3 22 A )3 MR AL 45 A8 R Mk 2 % H [)
IG5 R, 275 250 S SRR AL BT 3T B AR )
90 R S A ML A B 4 R G DR A B o
e PR E DL ALY 1 AR ek BRI 29 TR 55 1
minY, (X, ,X,,X,,X,)

minY, (X, ,X,,X;,X,)
-1=<sX <l
(13)
-1<sX, =<1
s. L.
-1=sX, =<l
-1=sX, =<1
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Tab.4 Analysis of variance
S VIR ER VRS A TR SR A8 S R AR
7 FI R B2 ¥or F P 7l 1 H B ¥o7 F P
FELAY 145. 167 14 10. 369 9.168 <0.0001*  150.95 14 10.78 8.31 <0.0001**
X, 24.027 1 24. 027 21.243 0. 000 4 ** 11.84 1 11.84 9.13 0.009 2 **
X, 5.508 1 5.508 4.870 0. 045" 1.27 1 1.27 0.98 0.3385
X, 17.376 1 17.376 15.363 0.002 ** 17. 11 1 17. 11 13.19 0.002 7 **
Xy 1.875x107* 1 1.875x107° 1.658 x10~*  0.968 20. 18 1 20. 18 15.56 0.001 5"
X, X, 0. 042 1 0. 042 0. 037 0. 850 2.09 1 2.09 1.61 0.2252
X, X5 24.950 1 24.950 22. 060 0.000 3 ** 7.95 1 7.95 6.13 0.0267"
X, X5 2.5x107? 1 2.5x107%  2.21x1073 0.963 0.7 1 0.7 0.54 0.4755
XX, 0. 766 1 0.766 0.677 0.424  6.25%x10°* 1 6.25x107% 4.82x10"* 0.9828
X, X, 2.21 %1073 1 2.205x107% 1.79 x10 3 0. 967 0.28 1 0.28 0.21 0.6519
XX, 1.6 x1073 1 1.6 x107* 1.415x10"° 0.971 1.21 1 1.21 0.93 0.3505
X3 27. 812 1 27. 812 24.590 0. 0002 ™ 8.29 1 8.29 6.39 0.0241"
X; 45.617 1 45.617 40. 333 <0.000 1" 1. 49 1 1.49 1.15 0.302
X; 25.254 1 25.254 22.329 0.000 3 ** 19.9 1 19.9 15.35 0.001 5 **
X; 5. 045 1 5. 045 4. 461 0. 053 78.58 1 78.58 60. 58 <0.0001**
S 15. 834 14 1. 131 18.16 14 1.3
e LT 14. 565 10 1.457 4.59 0.078 16. 64 10 1.66 4.38 0.083 6
R 1. 269 4 0.317 1.52 4 0.38
SN 161 28 169. 11 28

T * RRM D (0.01<P <0.05) ; =+ FREMMEE(P<0.01),

P9 52 HAR TG U0 0 45 s 35 w4 g T 10 32 AR R A A2 S 2R B0 Wl A ) . T
Fig.9 Effects of interactive factors on cutting damage rate Fig. 10  Effects of interactive factors on variation

coefficient of laying angle

iz Ji Design-Expert #1 [t Optimization 4 B Xf H
b R AT LA K %, 15 M BOR ML IR S8 &
BLA&S AT 2E 3 0. 54 m/s, Y) JI 53 911 r/min, Hi %
P 0.76 m/s, AR 1 49. 1°, 1 i 452 739 i )
BE E 05 R Ry 4.63% , WO A F R EH
9.14% ,
3.4 HIENKEWIE

XA 2 B0 A7 38 Y 1R R BL AR T E R

0.5 m/s, ¥ J1%E5% 910 v/ min, 6417 3 0. 75 m/s, B 11 a6t
TR AR 49° AR 4l 8] % 45 R A7 () a5 5k, 3K Fig. 11  Field experiment
B 3 YOO B 2R 4 F 2 E A Dy i 5 45 b, 1 1E] FET [ 4 6 235 2R 3% T, i = 22 Wi R AL DD 1 45t 1

PRV ACR AN A 11 Fros S el g 45 2R ANk S B . MR T A 72 S A% A 1K 38 1 149 0 R ASE 7R T
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MAIXT IR Z /N T 5% , B0 T ROCAE I 1156
b5, UL SR B A T A 2 8041 & R A7 2k i
D) Jor R R R R R i R R A AR LA
AR

x5 WIEREHER
Tab.5 Verification testing results %
FF5 VIEERL/ES Bl A AR L S R
1 5.34 10. 05
2 4.92 9.65
3 4. 60 8.75
- 4.95 9.55
T TR L 4.72 9.13
A X2 4.94 3.87
4w

(1) B0 il 3¢ 2 MU Ak Wi 30 oK, et T — A
XA S EE A FF WA B, 3 A A v M B A Al
FOESURSE AR D)W B ok 3 B A0 0
B SR S B S A2 20 A7 DR S e 1 B 5

A ORI BE

(2) AR il =5 22 A 7 WS BLAE b 3 72, o 2 32
BB S AR AR O 0 ~ 360 v/min, iy 16 £k
R 0 ~ 1.3 m/s, P 2% i 2 4l =22 6] /4 18] B oy
4 mm s BR3P J) 4 A E Ry (53 mm, 53 mm) | §;
3K 700 ~ 1 000 r/min ; 5 35 ARBI A /N T 58°,

(3) &% H Box — Behnken Hr.0> 41 & 3 K % 11 IF
Je& i = 2 e R H a) A, DA 4 3 A ik
F11 78 S R BCR VP A8 b 1l S e R TR R i Ty 2
3 A MR RO T S A, A TR B R D) ) B
B Al R A YA A A R HG B2 A X
A 18 A 0 52 o ML ARE

(4 ) £ 37 U EN 475 2 0 A A2 S R 800 el A
BB IF FEAT ALK A , LA 2 B2l & < BILAS I 2
0.5 m/s, Y] JI5E 3 910 v/min, Hi £ # F 0. 75 m/s,
SR AR 490, kil g g5 R R W], AL S A
BT UIEI B RN 4.95% i A AR 7 R 0N
9.55% , 5 T H 2Z 1] 9 A 6T 358 25 /N T 5%, 1 2 3
S EA PR K
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