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Operation Process Analysis and Parameter Optimization of
Dentate Disc Cotton-stalk Uprooting Mechanism
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Abstract. Cotton-stalk is an important renewable resource. With an annual output of 31. 5 million tons,
China is rich in cotton-stalk, which has great potential economic benefits. Cotton-stalk uprooting is labor-
intensive and roller-type uprooter is not suitable for cotton planting patterns in China. Dentate disc cotton-
stalk uprooting device has good application prospect. Relevant research focused on cotton-stalk
mechanical properties, uprooting force and uprooting device design, but lack of further research on
cotton-stalk movement analysis and uprooting mechanism. It is urgent to carry out a deeper research on
the technology and machinery of cotton-stalk uprooting. In order to solve the problem of omission,
fracture and low pulling out rate of the cotton-stalk uprooting machine, a dentate disc multi-row cotton-
stalk uprooting device was designed based on the electrohydraulic control technology and corresponding
tests were taken. ADAMS was used to simulate the movement of the device and further reveal the cotton-
stalk uprooting mechanism. Under two operation modes of the device (speed locking mode or speed ratio
locking mode) , univariate analysis and multivariate regression analysis method were used to investigate
the influence of dentate disc circumference speed, tractor forward speed and speed ratio ( dentate disc
circumference speed by tractor forward speed) on the omission, fracture and low pulling out rate of
cotton-stalk. The results showed that the device could meet the design requirements which can carry out
cotton-stalk uprooting test under various conditions. The magnitude, direction and duration of the

uprooting force could affect the uprooting results. When the clamping time was less than the uprooting
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time, it would easily cause cotton-stalk fracturing. Increasing the dentate disc circumference speed would

contribute to a low omission rate. Speed ratio and dentate disc circumference speed both had significant

impact on the pulling out rate, omission rate and fracture rate of cotton-stalk. The speed ratio was the

most critical factor which determined the pulling out rate of cotton-stalk. The optimal speed ratio range

was from 0.55 to 0. 80, and the optimal dentate disc circumference speed range was from 0.24 m/s to

1. 10 m/s. When the dentate disc angle was 6°, the tractor forward speed was 0. 85 m/s, and the speed

ratio was 0. 75, the pulling out rate of cotton-stalk reached its maximum value of 93. 89% , the fracture

rate was 4. 43% and the omission rate was 1. 68% . The research result could provide a theoretical basis

for optimizing structure and performance of cotton-stalk uprooting machine.

Key words: cotton-stalk; cotton-stalk uprooting device; dentate disc; speed ratio; optimal design

0 5]

AR AT AR S 2 3,15 x 107, R 4y 3
BT AR AR JEORE BRDRL B Rk 2 R — R
AL AR TR Y T AR RO B R B 7R
Jei | B = R T U5 4, o [ M T S R AL A R
BAR, LT 3 o ), HLAR AT A R R B
1/10, B FE7E B R TP R M A AT 4k 2 A0 A1 ik
ARE T R SEEROR , R, 4R R AT IR AL
L FH 3, 5 T T Ak 4 B AR R 390, % 7 T BB AR T 4R T
e R R £ 5% o

AT 25 AR AT B ALMR 0 0 B A, )
B RE R 0 B2 o [ N Ah 2 3 TE AR AT A 4K e
FRARAT LA 345 07 1 O S — & DF SR . 76
RAFT J7 2 R T, 25 R & R T
I T s ) 60 AR [ 5 7K 2308 A AT B 470 3 2 1 B 1 5%
e, 2% SR 3% AR AT & K 878 30% ~ 50% i 55 U1,
12 73 T ) O A AT 05 e i 3 i D o
WS T 80K 15 1B PO A FF 7 2 e A8 AL ML AR, 915 1
RRFF I R BB IR R 77 2 4 245.1 N SCik[ 10 - 12]
BIF 5 2 B — 5 U T PA) T 0 9 A ot 35 T 9%
Ko a2l B TR RSB R R 9T
J& T BRI I BETE . A SRR AT ALK J7 T, Sk [ 14 -
16 1 0F 5% 1 %0 48 28 % FF LR B8 FT 0 4650 4 5 3o X 4%
FRACR IR0 . E /N 2T 0 B 8 5 4 AT L
F7 705 ELAMT , B80T 4 48 7K S IF B8 2558 S L 3 (HL
R A7 5% 16T Ak F A8 Bl B A E AT BT S, SOk (18 -
19 ] BEFF T A X 45 40 T 4k O 9 2 4L, I % 5 FF by
BB b B AR B AT RS, DAk u
W 8 IARFT WL HEAT T 38 30 4047, B T R[]
FU AR AT S 45 25 108 B R AF . 25 BT, B RTRESY
7 1 25 45 vf M FF 0 BIRR  AR AT R 9K 7 R Rl
PR LB 07 T, HA7E 1 25 2 4R AR AT 52 3l i A A
AT WL J7 1 5k = BRAE 20 47, U 455 I S 5
485 5 WO HRAR T 250 5 W WL R O IR, A R TR A B

illl3

BUA 4 B XA AT BL 2 9 BUAR A% 2l 3 Le (4
7581630 J] e T R 5 4t L AL T E R 2 BE ) TEE R T
DR AR I B X 4 AT S8R B2 e R, R A R 9 9
FoRBET K B2 AT SO AT 2 B 5 58, X
AR AT 2 B AT i Bl 2o 7 A HRORT AL B 23 B, 0
B AU BEAT AL BT o A2 BEE A0 L A
b AEAT P A, T R LA e 2 b
FE T 3H L A 2 5 A BE A 7 WL R S X A
FERCR B2, S (I A0 S8 AT AL 45 4 15 1 fE i 1t 2
WAL o

1 SEAHBTREENS TIERE

1 48 147 35 SCHROAR AT BILR T M 58 3K 5y, 4K 5 o 58
5l TRT JEE 45 52 Bl ) A5 3 AR Al I RS AT
AL BTG E T BORAT RO AL 22 S R 2 35 AR
g i 2 PR AT BL 3 48 5 0 B 0 % 8 e R 2
B AR 2 B0 5 MR A AT WSO It 30 114 722 Ak i AT
IO P I B R R B 1 4R AL A

A SCue T R B AT IR AT 2 R AT
VU HREHLR  HLER R B ik B e A e 3k
IR AN RSN T =31 v R B G B A 1 S I T N ]
W MLERAE iz fan i n] 52 B AT &, 20 2 0 0 B O T
i, B 5 B W0 AT 5 IH AT A Al , AR 48 147 £ (8] B AT
A, RE T AL AN [A) AT B AR AT AR BEOR . R T H R EE
1 452 A RE 5 X6 3 A~ 1A 85 9 B A o 1 R )
e ar i

TAEJRBE T AR S5O 5 S 78 WU Sk 9K Sl T
PA— 7 1 RE e e , 4 437 L 1o A4 R A AT R AR 45K
WV RS U LT 3 K Sl SR R 1R TR K AR
FEM s i o

2 XESBUHRBERIESEIZIT

2.1 HEXSITRBFEREBEMEKIZIT

W B S AT HARAT G AR S U I&] 2 PR,
B ENE- 4 G AN R AR A N DT N S 0
o RO AT BB L AL A T 20 2H A, 1A 5% 2 R



PRUIVL 4% . W5 B X2 A7 SRR AT 2 BARAT S AR 20 5 2 5l ik

111

1
Al

1
Fig. 1

FA TR A B 45
Structure diagram of dentate disc multi-row
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Fig.3  Diagram of electro-hydraulic control system
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Tab.3 Variance analysis of speed ratio test

febn  ZEFW PHM OBEE B F P
4l 726.332 5 145.266 488.820 0.000 1 **
WRE S, 4 3.566 12 0.297

Ml 729.898 17
2 1409.956 5
WK S, 4y 5.469 12
il 1415.425 17

281.991 618.741 0.0001 ™"
0.456

s s FORGE MR B3 (P <0.01) . T,

WE 12 s, B S B A 38, AR A 4R R
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BF SR W2/ T 10% FE L Ry 1 B4R W 3 58 3, 3k
P EH 21, 04% , 75 )8 5 K % 3 T AR AT iz 3
R P SEE Qi 10 PR A A R 8 AR A8 ) A7
SN YIRS AR U, R ik 3 1. 25
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Fig. 12 Effect of speed ratio on cotton-stalk uprooting
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Tab.4 Effect of speed ratio and tractor forward speed on cotton-stalk uprooting

e T A RiEdi R/ (m-s™1) WWR S,/ % IR S, /% R S/ %
1 0.85 21.19(1.70) 6.96(0.93) 71.85(1.02)
2 1. 00 1.20 11.31(1.82) 13.43(4.88) 75.26(4.87)
3 1. 60 2.12(2.23) 6.80(0.78) 91.08(2.42)
4 0.85 4.43(1.23) 1.68(0.41) 93.89(1.02)
5 0.75 1.20 4.06(1.94) 4.33(0.77) 91.61(2.71)
6 1. 60 3.34(0.41) 14.99(1.69) 81.67(2.08)
7 0.85 1.95(0.08) 8.24(1.11) 89.81(1.17)
8 0. 60 1.20 1.70(2.21) 5.27(1.81) 93.03(0.98)
9 1. 60 6.12(2.76) 0.80(0.75) 93.08(3.40)
10 0.85 7.44(0.62) 2.56(0.69) 90.00(0.28)
11 0.50 1. 20 3.17(3.05) 15.32(2.39) 81.51(1.02)
12 1. 60 18.54(2.74) 13.19(2.51) 68.27(2.50)
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Tab.5 Variance analysis of multivariate test
P PR A5 1 F-J5 Al A ¥yr F P
£ [ 1423.97° 11 129. 45 33.53 <0.001**
R IE Y Tk % 909. 85" 11 82.71 21.34 <0.001 **
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i B AL R I ik % 157.93 2 78. 96 20.37 <0.001 **
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7 % 877.51 6 146.25 37. 88 <0.001
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BEIE 5 AR S Tk % 1.002. 89 35
e R 2 854.78 35
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Fig. 15  Contour plots of influence of multiple factors on cotton-stalk uprooting
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