202647 H Kﬂ*ﬂm%fﬁ 57 % F 14

doi;10.6041/j. issn. 1000-1298. 2026. 14. 021

BEXRBFWRITRN S E TN ER EIRIT 5K

kE=E 2R EmE'? EERHEY O FER
(LA BLA TRE2EBE 58 AT 830052; 2. FHIE A ML & TREHARBISCR 0, B ASE 830052)

FE . B XTRR AT IR ML B2 YA Rl R 2 AT 45 2 S5 s 9 T 1, AR SCis i T — b B AR AP IR AT IR L3N % )
AW IERE W X EsE TTHE T TT LA R R THE Hi 5 A8 S5 S B A AT B b, B T AR SR BETT R TAES 4L
iz EDEM BR{F3EAT AR AR R % 1) 25 SO U B EG , A A A5 B J) SR AL s S S 258, AR 5 18 1 H () 3 56 X
BEEPATINE , LIARFFR A R AR AT BRI RN TN R b, LA DRSS o | ) L M oo | Rk Sl M i R 2,
PHTRRZ IR E =N XS HSHGUH, fia A Design-Expert 13.0 BAF 37 = N 2 =K Box — Benhnken i3
5 RSB TAESEL . J1 5% 3 2 100 v/min  JJ EESHE 5 B 80 mm BT HEH Y 8. 5 km/h, MBS A FH#FT3 K
FH [ 3600 , AR FT 4R W G 4%y 96. 82% MRFF T3 50 3. 64% , SIS E IR Z YN T 5% , 45045
EARABR A TR LRI S S E 5% -

S MFPACIITINGL, MRS ShE 1AL At SO
RESHS, $225.9  WEARIAR: A XEHE. 1000-1298(2026)14-0226-13  OSID: SA

Design and Experiment of Moving and Fixed Knife Type Crushing Device
for Self-propelled Cotton Stalk Harvesting and Baling Machine

Zhang Jiaxi'” Li Bingfei' Wang Xiaoxuan'® Wang Yichao'® Gao Zebin'”
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China
2. Xinjiang Intelligent Agricultural Machinery Equipment Engineering and Technology Research Center, Urumgi 830052, China)

Abstract; In response to the problems of poor crushing effect and high loss rate of cotton stalks in the
mechanical crushing device for harvesting, a combined moving and fixed knife crushing device for a self-
propelled cotton stalk harvesting and baling machine was designed. Through theoretical analysis of key
components such as the rotating knife roller, the swinging knife, and the screw conveyor auger, relevant
design and working parameters were determined ; a discrete element simulation experiment for the device’s
crushing and throwing of cotton stalks was conducted by using the EDEM software, and the optimal
reference value for the rotational speed of the knife roller was obtained. Then the device was verified
through field trials. The field trials used the cotton stalk crushing qualification rate and the cotton stalk
loss rate as evaluation indicators, and the knife roller rotational speed, height of knife above the ground,
and forward speed as the three factors of experiment. Firstly, single-factor experiments were conducted to
determine the reasonable parameter ranges of the three factors, and then a three-factor three-level Box —
Benhnken experiment was carried out by using the Design-Expert 13. 0 software; the optimal working
parameters were obtained: the knife roller rotational speed was 2 100 r/min, height of knife above the
ground was 80 mm, and forward speed was 8.5 km/h. Three field verification experiments were
conducted under this parameter combination, and the average cotton stalk crushing qualification rate was
96.82% , and the average cotton stalk loss rate was 3.64%. The results were within 5% of the
theoretical optimization values, and the results were in line with the operation standards, providing
theoretical references for the subsequent model development.
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Fig.1 Overall structure of self-propelled cotton

stalk harvesting and baling machine
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Tab.1 Main technical parameters of cotton stalk
havesting and baling harvester
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Fig.3 Device transmission system diagram
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Fig.4 Grinding cutter roller structure
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Fig.5 Y-type swinging knife arrangement diagram
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Fig.6  Diagram of knife shaft centrifugal force decomposition
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Fig.7 Swinging knife force analysis
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Fig.8 Motion trajectory of swinging knife

PR RIS B e o L 8 e n < RIEATIE 21| 92 WA
Ve it R A AEAERA AT I B 00 o 38 3 I W ] S0 e
HILEL T o e P L ) 3R ok fe 8 2k, 0 LT
Ui e 1 SR B B e A, TR LG AR R A LM g
BT L 9 km/h F1JTEREE 3 1 800 r/min #E1TH:
By 4 TIEREE A 1800 r/min B, A5 1 JE BT B
847 0. 03 s, LARTUEE BE 9 km/h T15, IF55 30 A i
PR 2.5 m/s, HHE A0 AR eSS 1 LA T ot
75 mm, F T35 MU AR AT AR R K 2 7F 100 ~ 200 mm
Z 6], R TR AR 4 & AR AR AR U 1 O
2.3 IRFFMERKREE

HLELTAT B A3 1 2 T FEARCRE AR AT AR bER 2
WEE N R, 28 L ) v B e 2 s R T D0 B 5 4T
HCHEFRARZS: , TR AR 7 B8 70 b L M s A AT 72 FE
Y 3 K S0 A R B a6 81 e i B3, e I —
YRR S Bk BB % 25 N, AR an 1€ 9 Jir
No

]

Ko ARFTOIED R e R 5]
Fig. 9 Schematic of cotton stalk cutting and crushing
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Fig. 10 Analysis of force on bent cotton stalks
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Fig. 11 Analysis of cotton straw force and throwing motion
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Fig. 15 Simulation effect
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Fig. 16  Simulation process
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Fig.20 Single factor test results
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Tab.3 Experimental factors and codes

ESEN
il TR/ PARSY-F: N v TR L/
(r-min~") mm (km-h~")
-1 1 800 60 7
0 2000 80 8
1 2200 100 9

x4 HBEAREER

Tab.4 Experimental scheme and results
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No
w5 FHESWH
Tab.5 Analysis of variance
T MFFEEHE R Y, MFFHLE Y,

- STl B #yJ5 F SR H 2y F P
pizeid 216.52 9 24. 06 63.07  <0.0001*  146.29 9 16.25 46.01  <0.0001*
X, 25.53 1 25.53 66.92  <0.0001*  35.24 1 35.24 99.75  <0.0001 *
X, 5.33 1 5.33 13.97  0.0073* 20. 38 1 20. 38 57.70  0.0001*
X, 0.1740 1 0.1740 0.4563 0.5211 11.91 1 11.91 33.71 0.000 7 **
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X2 105. 82 1 105. 82 277.42  <0.0001*  45.17 1 45.17 127.88  <0.0001**
2% 2.67 7 0.3815 2.47 7 0.3533
ES 0.9569 3 0.3190 0.744 7 0.5790 0.3695 3 0.1232 0.2342 0.868 6
TR2E 1.71 4 0.4283 2.10 4 0.5258
A 219. 19 16 148.76 16
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Y, =3.31 =2. 10X, = 1. 60X, — 1. 22X, +0. 83X, X, +
2.21X; +0. 82X, +3.28X; (27)
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Effect of interaction of experimental factors

on qualified rate of cotton stalk crushing
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Fig.22  Effect of interaction of experimental

factors on cotton stalk loss rate
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