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Abstract: [ Objective | With the popularization of the new agricultural technology of returning rice straw to

the field, traditional tillage and rototilling machines can not work because of the serious entanglement of straw,
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which leads to the sharp increase of working resistance and the deterioration of working quality.All this puts for-
ward new requirements for paddy field tillage and soil preparation machinery. | Method | According to the new
agricultural technology condition of rice straw returning to the field in full quantity , this study took the working
speed of the machine tool, the rotating speed of the disc knife roller and the working depth as the experimental
factors, and took the working resistance and the working parts winding carelessness as the experimental index-
es, the working resistance was simulated by the EDEM dem discrete element software , and the field experiment
was carried out by the field dynamic telemetering instrument. [ Result ] The influences of the factors on the for-
ward resistance of the machine tool were significant from big to small , which were the working speed of the ma-
chine tool , the working depth of the disc knife roll and the rotation speed of the knife roll.[ Conclusion ] The op-
timum working conditions were : the working speed of the machine tool 2 km/h, the working depth of the disc
knife roll 22 ¢m, the rotating speed of knife roller 300 r/min, and the relative deviation between simulation test
and field test was 29.69%.

Keywords : burial mechanism;discrete element; working resistance ;rate of twining grass
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1: Upper traction suspension point; 2: Power output shaft; 3: Active shaft; 4: Gearbox; 5: Spring roller; 6: Spring popping
teeth; 7: Grass press disc.
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Fig.1  Structure of paddy field grader with disc spring—tooth combination
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F ;. :Machine tractive force, N;f: Rolling frictional resistance to the straw, N;f, : Rolling frictional resistance to the straw in stan-
dard, N;f,: Rolling frictional resistance to the straw in vertical ,N; 8 Rice straw and disc cutting angle, (°) ;v: Machine operation
speed, km/h;f, : Implicated friction force on rice straw, N; 7: Rotation moment of disc, N-m;7,: Moment of rotation implicated in

rice straw, N +m.
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Fig.2 Force Diagram of non—driving disc cutter and driving disc cutter
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Fig.3  Soil-tool-straw discrete element model
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Tab.l Contact parameters of different particles
AR A i Particle contact type BUY Value

-V 2 2% Mud—mud recovery coefficient 0.6
Je-J1 B S 28 Mud—cutter recovery coefficient 0.6
I H-FEFFIKZ 2 EL Tool-straw recovery coefficient 0.3
Je-JeEEE A FE Mud—mud static friction system element 0.6
e~ 71 B FE4% 240 Mud-—cutter static friction system coefficient 0.6
JTH—FEFFERBEE 240 cutter—straw static friction system coefficient 0.3
Je—JB & a4 20 Mud-mud rolling friction coefficient 0.4
V671 HIR S BEHE 250 Mud-cutter rolling friction coefficient 0.05
J1 B ~FE AR S EE 5 2250 Cutter—straw rolling friction coefficient 0.01
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Tab.2 Test factor level table
K& Factor
K- Level PLEAE B/ (km - h™) FEEEHUAAE L A fom B R/ (r-min™)
Working speed ofmachines and tools Working depth of burying mechanism Rotating speed of roller
2 18 220
2.5 20 260

3 22 300
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(a)0 s, B[R 75 3 km/h, 5] 3555 58 580 260 v/min BUVENIRAS 5 (b)2.5 s B, FE B[R S5 78 km/h, IR 35555 SR 55 Ky
260 r/min VB IR

(b)On 0 s, the working state of disc cutter is 3 km/h and the rotation speed of the cutter roller is 260 r/min; (a)On 2.5 s, the

working state of disc cutter is 3 km/h and the rotation speed of the cutter roller is 260 r/min.
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Fig.4 Simulation effect of disc cutter operation under different conditions
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Fig.6  Field Test of testing machine and tools
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Tab.3 BBD orthogonal test data
g R G AR
KIS Experimental factors Test index
Test number HLE T J7/N
A/(km+h™") B/cm C/(r+min™) i
Machine forward resistance
1 3 18 260 7296
2 2.5 20 260 6926
3 2.5 20 260 6857
4 2 22 260 6206
5 2.5 22 220 7077
6 2 18 260 5547
7 20 220 7367
8 3 22 260 7551
9 2.5 18 220 5873
10 3 20 300 7 620
11 2.5 20 260 6306
12 2.5 20 260 6498
13 2.5 20 260 6351
14 2.5 18 300 6277
15 2 20 300 6 504
16 2.5 22 300 7594
17 2 20 220 6147
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Tab.4 Analysis of variance of resistance to work of machines and tools

J5 ZEARR K FIH1 VES FiH P Bk
Source of variance Sum of squares Freedom Variance Analysis of variance Relevance
iy 6 _
5.748%10 9 6.387x10° 6.07 0.013 4 *
Regression model
A 3.686x10° 1 3.686x10° 35.00 0.000 6 ek
B 1.475%10° 1 1.475%10° 14.01 0.007 2 ok
C 2.930x10° 1 2.930x10° 2.78 0.1392
ﬁﬁ 5 5
7.371x10° 7 1.053%10°
Residuals
o ; i
4.067%x10° 3 1.356x10° 1.64 03146
Loss of proposed items
iRz
3.304x10° 4 82 599.30
Error
it
N 6.486x10° 16
Total

R*=0.886 3, Adj R°=0.740 2, Pred R°=-0.083 0; &} 3P . {22 7 W 3, P<0.05;*+fQ e 22 4k 13, P<0.01,
R’=0.886 3, Adj R°=0.740 2, Pred R’=—0.083 0; Significance: * represents significant difference , P<0.05; ** represents high-
ly significant difference , P<0.01.
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Fig.9 Comparison of resistance between simulation test and field test
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