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Design and test of vertical cotton stalk crushing
and returning to the field machine

NIU Guoliang'*, LI Bin', LIU Yang', WANG Shiguo', WANG Tao', SUN Xiaoxiao'
(1.Machinery Equipment Research Institute , Xinjiang Academy of Agricultural and
Reclamation Science, Shihezi, Xinjiang 832000, China;

2. College of Water Conservancy, Shenyang Agricultural University, Shihezi, Xinjiang 832000, China)

Abstract; To solve the problems of low work efficiency, high stubble retention, and mismatch with existing
agronomy, a vertical cotton straw crushing and returning to the field was developed based on the Xinjiang cotton
planting model and the requirements of straw crushing machine, mainly consisting of frame, cutting device and
power transmission device. Fluent was used for fluid analysis to clarify the performance of the working machine and
improve the working quality. The results showed that the new design of polyline rack, three groups of crushing
knives, and the angle between the crushing knives and the ground of 3° were beneficial to the straw smash. The for-
ward speed of the machine tool, the speed of the power output shaft and the ground clearance of the blade were se-
lected as the test factors. The qualified rate of the straw length and the average height of the stubble were used as
the evaluation indicators. Field experiments were carried out according to the principle of quadratic regression or-
thogonal combination test. Design—Expert V8.0.6.1 software was employed to conduct response surface analysis on
the test results. It was concluded that the best operating parameters of the machine were ; machine forward speed 3.5
m + 5™, large cutter head speed 1 200 r + min~', small cutter head speed 1 380 r + min™', and the blade tip 70
mm from the ground. Field experiments were conducted to verify the best operating parameters. The results showed
that the qualified rate of straw length was 92.24% , the average height of stubble was 74.63 mm, and the error from
the predicted value was 0.58% and 3.71%. The parameter optimization results were reliable.
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Note: 1. Protector on the frame; 2. Small gearbox; 3. Small friction
clutch; 4. Small overrunning clutch; 5. Universal joint drive shaft;
6. Small support seat; 7. Large gearbox; 8. Large friction clutch;
9. Large overrunning clutch; 10. Large support base; 11. Suspension
frame ;12. Large cushion; 13. Lifting ring; 14. Small cushion; 15. Large
profile wheel; 16. Frame side guard; 17. Small profile wheel; 18. Fixed
knife; 19. Small crush Knife; 20. Bottom guard plate of the frame;
21. Large crushing knife.

B 1 iRFFSRE By E
Fig.1 Structure drawing of cotton stalk crushing

and returning to the field machine
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Table 1 Main technical indicators of vertical cotton stalk

crushing and returning to the field machine

TiH Item
SR (Ko ixin)

Overall dimension

(lengthxwidthxheight ) /mm

i Description

2700%1950x1100

A O RSF Entrance size/mm 2400
B H A B Transport gap/mm =300
FEML 1% 58 Whend/mm 2300
K TI #2115 24% Large blade turn radius/mm 800
/T V4% Small cutting radius/mm 474
PNVANVAE: 5 M 2
Large, small blade wheel 1340

center distance /mm

£ 3h 71 Supporting power/kW =66
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Note: v, is the forward velocity of the machine (m - s7') ; w is
the rotational angular velocity of the knife shaft (rad + s™') ; R is the

radius of rotation (mm) ; ¢ is the assignment time (s).
2 NIRIEZHE
Fig.2 Tool tip movement trajectory
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Note: 1. Outlet of large cutterhead; 2. Outer basin of large cutterhead;

3. Outlet of small cutterhead; 4. Outer basin of small cutterhead;
5. Basin in rack; 6. Ground; 7. Entrance.
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Fig.3 Schematic diagram of fluid calculation area

and section within the frame
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Fig.4 PI plane flow diagram of different rack structures
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Fig.6  Schematic diagram of the angle between
the shredder and the ground
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Fig.7 Flow diagram of the angle between the
different crusher and the ground
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Table 2 Test conditions

TiH Item & Description
435 7K Z Soil moisture content/ % 17.5
FRAEFHEAEEL Cotton planting mode/mm 660+100
FAFFE AR Cotton stalk diameter/mm 6.5

FRFFIE R & 7K & Cotton stalk bottom moisture content/ % 34.93
HRFFH 3 KR Cotton stalk middle moisture content/% 47.14

FAFF 3B 5 7K Z Cotton stalk top moisture content/ % 55.01
AP BE Cotton stalk density/ (g + em™) 0.68
HFF 4 Cotton stalk yield/ (kg « hm™?) 794.625
IREEIEE Ambient temperature/C 2
IR E Ambient humidity/% 40.0

£3 RBEEEMATE

Table 3 Test factors and levels

K% Factor

KF DURRTEEE  AOVEEEE kAR
Level Machine advancement Big cutting speed  Tool diaper gap
speed X,/(m - s7") X,/(r - min") X3/mm
1 3 900 60
0 3.5 1200 70
-1 4 1500 80
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3.3 MRERSW

YR = R =K R BH IEAZH A
B IREG Jr i, — b AT 17 405, A4
AT 3 WK, O g 45 20 iRy B 545
RNk 4 FioR,
331 w®aAEA L g EHAEE W Design—Ex-
pertV8.0.6.1 FAxF 3 4 #4777 2250, 2B [ A
RUrp 2 E>0.05 1Y R B, 45 R0k 5 R, Al
PIE AR g 3 M 5 P E /N T°0.01, K W
R BAT GE v 08 3 R AUT R R s ) 5 5
BAA R H P AEYIRT 0.05, MARLA A, T
RPN R AAE, E ZECR BH N 0.9608 Fl

0.9924 , 15 W F51 000 {1 15 52 o {10 A € 88 v 1220, AR R0 42
BB, vl A A 5 R AR 1 06 52 5 %
SEEEE AT AT, BUIRFR AR -5 PR 2R 2 () (14 ] S A

A= (8) #1(9) .
Y, = 91.70 - 4.86X, + 5.56X, — 2.33X, +
3.13X,X, - 3.98X? - 3.56X> (8)

Y, = 77.40 + 3.02X, - 4.91X, + 6.53X, -
2.06X, X, + 1.10X,X, + 0.91X] +
1.38X2 + 1.13X2 (9)
3.3.2  RBEEZNBAFHAEKESKFGT R
X (8) FTLAE X, X, XF Y, s fi 2 | [ TI4R
BB R (X, =70 mm) 7E 0 7KF, £5 ML Fip

x4 REFHHARSER

Table 4 Experimental design and results

A HILEL i3 3 KI5 RN NG TR Sk R S A R L
S Machine forward Spindle speed Ground clearance Qualified rate of crushing  Average stubble height
Test No. speed X, X, X, length Y, /% Y,/mm

1 0 1 1 89.58 82.26

2 1 0 1 77.71 86.95

3 0 0 0 92.82 77.71

4 -1 -1 0 84.56 81.87

5 -1 1 0 94.32 71.23

6 0 1 -1 93.5 67.27

7 0 -1 -1 81.99 79.75

8 -1 0 -1 93.71 67.82

9 0 0 0 90.92 78.63

10 1 -1 0 70.21 86.86

11 0 -1 1 82.62 90.36

12 1 1 0 89.48 78.79

13 0 0 0 91.81 76.87

14 -1 0 1 87.64 85.25

15 0 0 0 92.41 77.26

16 0 0 0 95.46 76.54

17 1 0 -1 86.95 71.75

x5 WHEEHRFTESN

Table 5 Test index variance analysis

SihE SFEIrRL AME B5

Test index %m-jﬁi e of ﬁ; Foor
P Model — 646.17 6 10749 15.14 0.0002
5%2% Residue  71.12 10 7.11
y, lmpeijiﬁon 59.45 6 991 339 0.1285
% Error 1168 4 2.92
JAT Sum - 717.29 16
R? 0.9608
BT Model — 647.53 8 80.94  130.13 <0.0001
5%2 Residue  4.98 8 0.62
v, Impijiﬁon 233 4 0.58 0.88 0.5485
2% Frror 2,65 4 0.66
S Sum - 652.50 16
R 0.9924

JE (X)) 5RTIEERE (X)) 32 HAE RIS AT Ry 1
FEGARR (Y, ) 52 M i e f it 1T (&) 8) . AT LA
Y\ BEE X BRI R KB W22, Y, Mg X, 1Y
R/, /)N 783 BV fin b U X, 1) 722 Ak 38
Lt X, 5 Il U RH O 0 48 OGRS A 0 5 4 SR 1Y
SO 2, 3 DR R B A AL L T R 1 4
Jin, JTEL SRS A 22 1] 2% fh 0 Bsf (] ke fk g A TR AR
P ) 27 0T TC i 3k B M R 25K 5 Bt A ) 3% U
Hehn X RRAT B VI E OB, e T R AR RS
R M TR H 2 1400 ¢ - min " | FE R RS
b RIR B KA

333 KERAEZXNRAFHEEZENT R H
KO FTAFE X, X, 00 X, X, % v, B52 0 2, Hoep
X X XX R BAEE R, A 9a AT, KT
BEFGHAE 0 ZKF(X,=1 200 v - min™") I, P25 B 7
e B i o LR T 2 R ) I A K B TR
5 b T st 388 R T R T, AR R R TV X )
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T X, J7 ) AR AR R, DR D 4 1 [R] B 6T - 347 BR i
e RS T b 2 DA 9b W LU HLEL R
FETE O /K- (X, =3.5 m - s7" ) I P2 BRAE & T RE
TIH TS M ) BT 8y 08 i 484 O, i R ) A Y
T/, AR R T X, 1 A AR AN 1R R
A TS Y- 4 B A v BE B 52 0 /N T T AR (R
BRI SEM 32 it DR 2 T R A, RS AT AR T
TEAS R S U B AR TR TR ST o R 0,
TRARER B E R U] S g = T )
AR o B P v R AR AT e BRI TR
JIT e i 38 O AR AT AR B BRAE , i LA 2 B /N Y T T AR 5
A [ET] S
3.4 SHMUERWIE

SR T B v A A R AR A LA oMb BT S AR AL K
B SC RPN 8 1= v < v e e/ QIS i B i B o/
Bt 4. (1) HFRIREL Y, =85%, Y, . <
80 mm; (2) i RAW . X, e [ -1,1] (HLEFTH#H
BE3~4m-s') X, e[ -1,1]( JT#55E 900~ 1 500
remin') X, e[ —1,17] ( JIZRE AP 60 ~80 mm) ,
AL G IR R R AR & S8 LR AT By
3.5m - s, KITEHEH A 1200 v+ min™", XFRE /N
J13355% 01 380 ¢ + min™! ,ﬂg%%ﬂﬁlﬁwﬁﬂi’ 70 mm,

AL S RS R IRIA LAV E L P R TR A b . F
FERIE B A% R 91.7% , YRR RE R E 77.402 mm,

T B IEIL AT S R B R AL A 45 AT 3
YR H (ARG , BRS04 K7 2448, 1 ) an 14 10
FiR o IR IAS RS FERY AR BE B o 92.24% , 7
FFF-44 BA #1550 74.63 mm , 5 FIM{E 1R 22 73 51 4
0.58%F1 3.71% , BSEURR FE /0N, PR iz AR Ak A5
RIEAT A Sk,

¥, (X1,X,,0)

8 WLERIHEEM T BEENEFHERESEREHZIT

Fig.8 Influence of machine tool forward speed and cutter
speed on the qualified rate of straw crushing length

(a)Y(X,.0.X5)

(b)Y:(0.X..X))

B9 REEENTHEESENZI

Fig.9 Influence of experimental factors on the average stubble height

(a)ki FF 83 14 Mk Cotton stalk crushing

& 10
Fig.10

M 8K i
Field trial
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(5] T3l S0 G, S5 R HE BB AR S DL SEE R 1)

4 & ik

1) il 7 —Ff S SRS AR R 8 ik AL, oK
INCAERE SR T SRR M % [ B R] DR
T AR AT 5 38 3k F/INAS TR T 5% 1 17 1 2
FEA B G 4 10 3l ) A% 2 286 8 P WL i R 1k
FURSIERSCR 5 Tl P I WAL B3 11 mT DL s F A1
Ky WE i, P B, RIS 2 66 cm+10 cm
FRAER A AL 20K B E R TE

2) Fluent {jj ELAHTS MO HT 26 AL 1 HLEEAH
XFFATEIE 2 AR BRI EARAFTAS 2] T 7850 MKy
T4 s Ry B T 2By 3 A s U 3 R o e, FH A ARG 358
JIN HE T A AR T B LTI AR i YA R B 5 e R Oy 3O R
JIEE BTN DX 287 3 B v, M R A P A
U, A S S R PRI E DLAR S5 Dy
PreRIE 1 WS WE TR N 3 20 Ky T 4% 5 b i 22 1]
ISR 30,

3) DAMLEL AT HE | T 555 R ] 43 B b = i
MR 2R LIRS AR R IR B G A% 8 P 18 B 2
FE RPN A5 , AT IE AR 4 A0, 3 Design—Ex-
pertV8.0.6.1 B AT T2 PF A 8 A i B R 2,
R EAE N S BH G . HLR ATk E 3.5
m s RIJEHFEH R 1200 v+ min™" /N T #E
1380 r + min~'  JIAREHBIAI B A 70 mm, 38 i
)0 90 i, B FF AR IR B B 46 R 92.24% , 13
FAZER BN 74.63 mm,

S % X k.
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