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Design and experiment of no-sieve cotton straw crusher

CAO Weizhao', SHEN Weiqiang®, GUO Zhaofeng®, MA Yan®, ZHI Heng', BAN Ting'’

(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgi, Xinjiang 830052, China;
2. Institute of Agricultural Mechanization, Xinjiang Academy of Agricultural Sciences, Urumgi, Xinjiang 830091, China)

Abstract; The current crushing process of the sieve crusher had difficulties in discharging and easy to block
problems due to the high degree of cotton straw lignification, strong toughness, and mixing with cotton wool. In this
study, a new type of no-sieve cotton straw crusher was designed. By adjusting the area of the discharge outlet, the
change of the gas flow in the crushing chamber was achieved to obtain different crushing particle size of the finished
product of the cotton straw. The structure of particle size classification device, crushing knife roller and other major
components were determined. The force process of cotton straw in the crushing process was described, and the key
parameters of L. improved hammer blade were determined. The structure and arrangement design of the L improved
hammer blade and throwing blade was carried out. The results of Fluent simulation analysis showed that the L im-
proved hammer blades were more conducive to improving the mobility of cotton straw in the crushing chamber and
forming a larger negative pressure inside the crushing chamber than the straight blade hammer blades. Taking the
number of L improved hammer blades, crushing knife roller speed, and outlet area as the test factors, and the qual-
ified rate of cotton straw crushing particle size as the test indexes, a three-factor three-level orthogonal test was con-
ducted, the significance of the impact on the qualified rate of cotton straw crushing particle size from the largest to
the smallest were the crushing knife roller speed, outlet area, the number of L improved hammers. The more opti-

mal parameter combination were determined to be 140 L improved hammers, 2 660 r « min~' the speed of crushing
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spindle, and 136 500 mm” the area of outlet. Using the optimal parameter combination for field test, the qualified

rate of cotton straw crushing particle size was 93.7%, which met the actual production needs of cotton straw

crusher.

Keywords: cotton straw; no-sieve crush; L improved hammer blade; design; experiment
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1. Feeding and conveying device; 2. Chain drive device;

3. Crushing device; 4. Belt drive device; 5. Frame;
6. Adjustment window; 7. Inlet; 8. Bearing seat;
9. Crushing spindle; 10. Outlet; 11. Throwing device;
12. L improved hammer blade
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Fig.1 Schematic diagram of no-sieve cotton straw crusher
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Table 1 Main performance parameters of

no-sieve cotton straw crusher
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Fig.3 Schematic diagram of adjustable outlet structure
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Fig.9 Analysis of cotton straw crushing process under force
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Fig.6 Schematic diagram of rack arrangement
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Fig.7 Schematic diagram of crushing knife roller assembly
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Table 2 Experimental factors and levels

s T T i e it

0
IR Number of Crushing knife R AR
Outlet area

Level hammer blades roller speed B C/mm?

A /(r+min") i

-1 120 2060 91000

0 140 2360 136500

1 160 2660 182000

x3 REFRMER

Table 3  Experimental scheme and results

RIALEHH R/ %

%i?l\?: . A B C Qual'ified 'rate of
particle size Y,
1 —1 -1 -1 85.5
2 —1 0 0 89.6
3 —1 1 1 88.3
4 0 -1 1 85.7
5 0 0 -1 90.4
6 0 1 0 93.7
7 1 -1 0 89.2
3 1 0 1 87.6
9 1 1 -1 92.8

®4 NEESERERESNT
Table 4 Extreme differences analysis of

particle size qualification rate

o

ﬁ;f A B c
ki 87.800 86.800 89.567
ko 89.933 89.200 90.833
ki 89.867 91.600 $7.200
R 2.133 4.800 3.633
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WK AR AERE FE R ARG, A FF SRR 2R Y
BRI 3G 2 PR ot 3 % 4 35 0% 1 RE 10 T AR B L
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Lot BVER 580 H A R 140 SERF B AERS FF 4
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HI¥E 2 AR AERS FE 3T o R BOE N, My iR ROR 47
{EL 25 30T 54l 1% 67 A BT, 265 H3 AR ) - Ay R 4 2
A A DRI X 5 4 5 /N s RS B 0 A B T Rk
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i E R 25 R R A R BRI A A
H:B,C,A, BB T3 B 2 660 v+ min™", 1
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140 48,
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1) T XA ARG AT 27 4k 22 B0 98 19 4 1, AR50
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Table 5 Analysis of variance of particle size qualification rate

E \7/‘ N3 l] o

7’?%5’5 Ui 5 F 1 th Y175

Source of Sum of Mean F P
. Freedom

variance squarcs squal‘c
A 8.827 2 4.413 27.020  0.036
B 34.560 2 17.280 105.796  0.009
C 20.407 2 10.203 62.469  0.016

%2 Error 0.327 2 0.163

TE:P<0.05 N2 5 8%, P<0.01 N2 E,
Note ; P<0.05 means significant difference, P<0.01 means a highly

significant difference.
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(b) B JJ %L 4E Fr Straight knife type hammer blades
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Fig.12  Vector diagram of air velocity at the outlet of the axial section of the crushing chamber
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Fig.13  Pressure diagram of the outlet of the axial section of the crushing chamber
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Fig.14  Arrangement diagram of L improved hammer blades
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Fig.16  Sited test of no-sieve cotton straw crusher
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Fig.17  Operation effect
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