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Design and experiment of a roller type cotton stalk cutting mechanism

LIAO Peiwang', LIU Kaikai', CHEN Mingjiang? , WANG Zhenwei?, ZHANG Aimin'"
(1. Binzhou Agricultural Mechanization Science Research Institute, Binzhou 256600, China;

2. Nanjing Research Institute for Agricultural Mechanization of Ministry of Agriculture, Nanjing 210014, China)

Abstract A roller type cotton stalk cutting mechanism with crushing plate and cutting knife was designed this study,
which was suitable for cutting cotton stalk bundling. Cotton stalk was chopped by rotary knife after crushing and the
fixed knife mounted on the frame of bundling machine. In order to achieve the function of cutting after crushing of cotton
stalk and reduce the consumption of cutting tools and power consumption, the rotary knife group was adopted the way
of which the crushing plate and cutting knife were arranged interlaced in the circle. According to the characteristics of
cotton stalk, the parameters of the key components are identified. And SolidWorks Simulation software was then used
to check the static strength finite element analysis of cutting knife and the modal analysis of roller type cutting
mechanism, and the stress and strain distribution of cutting knife. The natural frequency and vibration mode of roller
type cotton stalk cutting mechanism were investigated. The results of finite element analysis showed that the maximum
stress and the maximum deformation of the cutting knife all were occurred on the bolt hole, and the values of which was
respectively 234.6 % 10° N/m? and 7.521 x 10" *mm. The materials of the cutting knife was 65Mn steel to meet the
performance requirements. The work frequency of the roller type cutting mechanism (6.5 Hz) was far below its first
natural frequency (53.675 Hz). The main performance of the model machine was tested, and the experimental results
showed that the qualified rate of cotton stalk crushing was 95.3% , when roller type cotton stalk cutting mechanism with
crushing plate and cutting knife was at 185 r/min speed of the cutting drum, the power consumption was 30 kW.
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1. Cutting knife; 2. Crushing plate; 3. Cutting knife seat; 4. Cotton

stalk; 5. Fixed knife seat; 6. Fixed knife; 7. Cutting drum; 8. Cutting axle
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Fig. 1 Structure of roller type cotton stalk cutting mechanism

1.2 WU TERE

AT e A R BT B DI ML R 3 20 5 A8 A
YE ) T T AR AN 0 1T) ) S SR A AT 4 S R I B A
o ST AR 2 04 3 T3 ML R 2 . 3h 2 A

BULD R fT L A BT ] RSERE LA — R TE R
e CBILDT D) e 2 1) 5 5 10 K 2545 fh BF 7 5 T 1Y
e T K i 3 BB A AR (B 90 70D 5 5 0 22 [ (9 A
FTEAT W CBILDTD



BRI A R E AR AT ALY B9 BT 5 iR 133

1R E B s 2. FTHRAL

1. Roller type cotton stalk cutting mechanismj;

2. Baling machine
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Fig. 2 Schematic diagram of installation position of

roller type cotton stalk cutting mechanism
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Table 1 Main performance indexes and technical

parameters of roller type cotton stalk cutting mechanism

ZH BAE
Parameter Value
R DAR§ s )
Number of cutting knife
B 1 A A o .

Number of crushing plate

BV & B A% /mm

495
Diameter of cutting drum
PR A BE / mm Lo5
5
Cutting length in the theory
BP0 7R AT R FE 3/ (r/min) L85
Speed of cutting drum in the theory
W3 7 /KW )
=35

Matched power

1.2 JYJE s 2. WY 15 3. KRFF 54, 5 T]
1. Fixed knife seat; 2. Cutting knife;
3. Cotton stalk; 4. Fixed knife
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N R Sy Bt H AR FF 2 X800 ) 70 1 9 1E ), N
P is pressure of cutting knife blade on cotton stalk, N; R.is
reaction force of cotton stalk cut by blade of cutting knife,N; T; and
T, are friction force of blade of cutting knife and blade surface of
cutting knife.N; T,  is Vertical projection of {rictional force of blade
surface of cutting knife.N; R,.R,and Ry are reaction forces on the
upward, rightward and leftward squeezed cotton stalk layer on
cutting knife, N; R is positive pressure of squeezed cotton stalk layer

on blade surface of cutting knife, N.

B3 wBAEHEEERNINANYIRERESZHE
Fig.3 Instant force diagram of cotton stalk cut

by roller type cutting mechanism
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B is blade angle of cutting knife, (*).
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Fig. 4 Outside diagram of cutting knife
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Fig.5 Stress nephogram (a) and strain nephogram (b) of cutting knife
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Fig. 6 Mesh model of roller type

cotton stalk cutting mechanism
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Table 2 Nonzero natural frequencies of the first 6
order of roller type cotton stalk cutting mechanism
W % I A 45 %/ He
Each mode

Natural frequency
1 53.675
2 113. 840
3 120. 150
4 138. 820
5

6
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Fig. 7 Corresponding deformation the first 6 modes of non-zero natural

frequency of roller type cotton stalk cutting mechanism
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Table 3 Experimental results of roller type cotton stalk cutting mechanism

WIS

Serial number of

HRFF BT i kg
Total weight of

NGB B kg
Total weight of

R %

Percent of pass

THFED) A/ kW

Consumed power

test group cotton stalk unqualified cotton stalk
1 540 95.19 29
2 560 95.18 30
3 573 95. 64 31
4 565 95. 22 30
SF-3#41{H Average value 559. 50 26. 25 95.31 30
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