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Design and Experiment on Cylinder-type Chopping Device of
Harvester for Fodder Rapeseed in Winter and Spring
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Abstract; Fodder rapeseed is a good quality feed crop, and it can effectively alleviate the problem of
lack of green feed for livestock in winter and spring. Because of high water content and crispy texture of
fodder rapeseed, there is a lack of applicable harvesting machinery in Mid-lower Yangtze River. To solve
the problems, a kind of cylinder-type chopping device was designed. The structure and operation
parameters of chopping device were analyzed through material properties and the requirements of cutting
and throwing operations. Single factor experiment and rotation regression design were carried out to study
the effects of feeding roller and cutterhead rotational speed on length qualified rate and power. The
regression equation of the relationship between feeding roller and cutterhead rotational speed, and the
length qualified rate and power was obtained. The results showed that the length qualified rate was better
when the feeding roller rotational speed was 400 ~ 550 r/min and the cutterhead rotational speed was 600 ~
800 r/min. The optimum operation condition was: the feeding roller rotational speed was 496. 17 r/min, the
cutterhead rotational speed was 709. 14 r/min. Under this condition, the length qualified rate was
91.16% by calculation. What was more, the field experiment of fodder rapeseed harvester was
conducted. It turned out that the cylinder-type chopping device worked well and the length qualified rate
met the requirements of feeding. The results could provide support for optimization of the cylinder-type
chopping device and the improvement of the overall structure for fodder rapeseed harvester.
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Fig.1 Plant morphology and blocked congestion channel
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Tab.1 Main physical characteristics parameters of fodder rapeseed

i o K Y =VAN e VA - ERFEK MR EK BRHE, PHTE, SRR, HimbiE 8 YsRE/
mm g /g /% /% mm (kgm~%) MPa R i/ MPa MPa
W 861.14 163.57 14.31  1.33 93. 64 90. 17 14.21 3.98 1.96 0. 44 0.36
M2 62 REFEMN 1258.31 285.83  41.27  15.35 85. 16 86. 54 22.07 7.57 2.47 1.76 0.95
WFERY 1413.23 257.14  42.25  52.88 83.25 84.58 28.26 6.91 4.72 2.15 1. 64
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Fig.2 Technological process and module classified
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Fig.3 Structure of fodder rapeseed harvester
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Tab.2 Major technical parameters of fodder rapeseed

harvester
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mechanism of feedstock
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Fig.9 Structure parameters of locomotory knife on cylinder
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Tab.3 Main structure parameters of chopping device
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Fig. 13  Effects of rotational speed of feeding roller

on length qualified rate and power
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W 4 s, " RBEsE IEAZ A AR aE AN 5 PR,

XF2e 5 PRAR AT F AR AT 22 08, 2
ABRIE AR IR B A A R R D I T 22 40 T 45
RN 6.7 Fin, xR EEEIET ik 2ot A
A P RS AL ST VIR B A R IhFE S 45
(K 2% 8] [l A Y | 7521 [n] )5 7 72 0
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x4 BERFEE
Tab.4 Factors coding
SN
i i WA Hs i e YW 32 Sl e
%,/ (remin~") %,/ (remin ")
-1.414 400. 00 600. 00
-1 421.97 629. 29
0 475.00 700. 00
1 528.03 770.71
1.414 550. 00 800. 00
x5 RBEAREER
Tab.5 Protocols and results
) DI A 32 40
MR 4 e . VK ES WY,/
s - et o
w/CeminT) % Y,/ % k)
1 421.97 629.29 90. 23 3.85
2 528.03 629.29 90. 03 3.63
3 421.97 770.71 92.01 4.67
4 528.03 770.71 91. 82 4.56
5 400. 00 700. 00 91.21 4.09
6 550. 00 700. 00 90. 81 3.84
7 475.00 600. 00 89.52 3.76
8 475.00 800. 00 92.22 4.83
9 475.00 700. 00 91. 11 3.93
10 475.00 700. 00 91.03 3.92
11 475.00 700. 00 90. 92 3.95
12 475.00 700. 00 91.13 3.98
13 475.00 700. 00 91.26 4.01

F6 YVHZRIEBAEDN
Tab.6 Variance analysis of response surface quadratic

model for Y,

TR FA AdE BT F P e
i T 6.99 5 1.4 110.53  <0.0001  =x
%, 0.11 1 0.11 9.02  0.0198

%, 6.82 1 6.82  539.21 <0.0001  =x
XXy 2.5x107° 1 2.5x107° 0.002  0.9658

0 0. 003 1 0. 003 0.21 0.663 4

% 0. 056 1 0. 056 4.39  0.0744

5% 2% 0.089 7 0.013

JeIIH O 0.025 3 0. 008 0.53 0.6857

4

i 0.063
B 7.08 12

e s FR B, TR,

0.016

Y, =72.92 +3.83 x 10 “x, +0. 04x, +
6.67 x10 "x,x, —6.89 x 10 °x} —1.78 x 10 .
Y, =22.03 —=0.01x, —=0.05x, +7.33 x 10 °x,x, +
5.47 x 10 °x} +3.61 x10 x>
R AU I 7 i I ASE 2 55 0 1 400 5 R B
BRI P >0.05, HERERE Y, .Y, g LI

435 0.6857.0. 171 1, ¥ T 0. 05, 56 B 2k L |
EAALEAE, v % 8103 Ty A 8 AR 3 30 31 32 o5 %) 3 56
25 I TF SR AR A AT .

®T YV, HZRBERFTENSN
Tab.7 Variance analysis of response surface quadratic

model for Y,

F2ERIE AR AhE B F P EE
i 1.62 5 0.32  132.80 <0.000 1 o
%, 0.058 1  0.058 23.95 0.0018
% 1.33 1 1.33  545.82 <0.000 1 o
% 0.003 1  0.003 1.24  0.3022
o 0.002 1  0.002 0.67 0.4386
o 0.23 1 0.23  92.81 <0.0001 -
%2 0.017 0. 002

7
ST 0.012 3 0.004 2.82  0.1711
g2 0.005 4 0.001

B 1. 64 12

Hi 6 MK 7 J5 20 Hrl A, P& HE R P <
0.001, i Wiz B HA G it 2 i Lo F HFR R4 B
FO0) T 45 2R A 5 o R B (B R 2 ] o e
i, IR 6.7 AT R A 3 il 7 %o ZE AT UK
B A 3TN TG 114 52 W 28 R T RN s R 2
4.5 N Rz #h T 53 47 5 36 E

K AT Optimization 455 B #5851 JF & 15 16
Br A3 B0 B B SR G o MR A TR AR 7
o 496. 17 r/min Y)W & E 4% 3 4 709. 14 1/min
W, 25T U BRSO RN 91.16% . T AE N
3.98 kJ, BUI, o B 25 Hh Y 255 Ot 4 B R (B
H0.654, R e (S B &, 58 VT i i T A0
K15 Fis o

318
- 52020 421.97 ﬁé&i"%
IHIITI) & ) Y

N
15 1 J7 i T

Fig. 15 Response surface showing effects of roate speed
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Fig. 16 Field experiment and feeding effect
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AR IR 40 400 ~ 550 m/s, ) HE Ay 3
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(3) 384 Z R He IE A2 4 & e, A ) TR A
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RS 25 FF YT K HE 408 5 R RE 9 36 008 K TIRA
A

(4) 8 Design-Expert §C1F 1 th 115 B I
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