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Simulation Analysis of Ridge Subsoiler of Soybean Based on Computer Discrete
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Abstract: In order to optimize the performance and effect of the subsoiler which is used on the ridge, the paper took the arc-
type subsoiler under the normal operation as an example to analyze the tillage resistance and the influence on soil to make sure
the structure parameters of the subsoiler. Then using EDEM to do the simulation test on the subsoiler to work out how the
structure parameters influenced the tillage resistance and the area of soil disturbance. In this way, the structure of the subsoi-
ler can be optimized. Through the theoretical analysis, some parameters of the subsoiler can be made sure, for example, the
range of the cutting angle was from 30° to 60° and the range of the penetration angle was from 19° to 23°. Through two-factor
and five-level orthogonal rotating composite discrete element simulation test, the primary and secondary factors which influ-
enced the tillage resistance can be found out. They were cutting angle and the penetration angle of the subsoiler. Based on the
theory, when the cutting angle was 34.39° and the penetration angle was 20. 24°, the tillage resistance should be 804. 799 N
and the disturbance area should be 418. 42 mm’. The result showed that compared with the theoretical value, the optimized
tillage resistance increased by 7. 92% and the soil disturbance area increased by 7. 54% . It can be found that there was only
slight difference between the theoretical one and the optimized one. So it proved that the optimization result was reliable. And
the optimized stubble chopper had better operating performance and better operating effect. This paper can offer some basis to
the optimum design for no-tillage machine parts.
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Fig. 1 Subsoiler force diagram
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Table 1 Factor level coding table

A [ Factor
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Table 2 Schemes and results of tests

(RS ES PERERE bR
¥ ) ) , ‘
No. Experiment factors Performance index

¥, Xy Y,/N Y,/ mm?
1 -1 -1 838. 100 441. 105
2 1 -1 1802. 000 948. 421
3 -1 1 1269. 350 668. 079
4 1 1 1907. 600 1004. 000
5 - 1414 0 630. 950 332.079
6 1.414 0 2052. 900 1080. 470
7 0 -1.414 1458. 450 767. 605
8 0 1.414 1810. 400 952. 842
9 0 0 1350. 700 705. 895
10 0 0 1327.250 694. 553
11 0 0 1254. 050 660. 026
12 0 0 1353. 050 702. 132
13 0 0 1363. 550 687. 658

X JEJJ#J"Jﬁ! 3%y /\iﬁ H Y] *JWHSEJ'J ;Yz %ﬁjﬁ}ﬂo
%, : Cutting angle; x, ; Penetrating angle; Y, : Tillage resistance; Y, :

Disturbed area.
3.1 Y, {AREEBENKE
TR BHERR T Y, T 2250 A ank 3 R, i
23 AT TRHERR ) Y, S M EEHER ) Y,
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YERH Y, B9S2tk 2 (P <0.01) ; PIHI M 5 A+
PSS HI 2%, XFENFE Y, BYSZMRE 2 (0. 01 <P <
0.05) , 75 3 & K = X HEVERL T3 Y, 520 i 18] 05 J7
(e
Y, =1328.07 +451. 64x, +129. 32x,
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Table 3 Variance analysis of tillage resistance Y,

AR AR SEJ5 F ¥75 FH P
Variation source Sum of squares Freedom Mean square F value P value

i Model 1.939e +006/1.939¢ +006 5/4  3.879e +005/4.848e +005 86.9/123.99 <0.0001* */ <0.0001 **
X 1.632¢ +006/1. 632¢ +006  1/1 1.632e +006/1. 632¢ +006 356.63/417.34 <0.0001* */ <0.0001 * *
% 1.338e +005/1.338e +005 1/1 1.338e +005/1.338e +005  29.98/34.22 0. 0009 * * /0. 0004 * *

X%, 26511.98/26511. 98 1/1 26511.98/26511.98 5.94/6.78 0.0449 " /0. 0314~
xt 39.26 1 39.26 8.797e-003 0. 9279
x3 1.44e +005/1.471e +005 1/1 1.44e +005/1.471e +005  32.26/37.63 0. 0008 * * /0. 0003 * *
5% 7 Residual 248125 Lack of fit ~ 23380. 15/23419. 41 3/4 7793. 38/5854. 85 3.97/2.98 0. 1082/0. 1577
%2 Pure error 7860. 97/7860. 97 4/4 1965. 24/1965. 24

ST Sum 1.971e +006/1.971e +006 12/12

FEJET N ERAREIUS Y, I 280 0ra5R,; ™ " Fri B (P<0.01) ;" R B3(0.01 <P<0.05) . Fil,

Behind the slash is the analysis of Y| variance results without significant factors;

<P<0.05). The same bellow.

** means very significant (P<0.01); * means significant (0. 01
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Table 4 Variance analysis table of soil disturbance Y,

A5 SRR R B B ¥iJ5 FAH P1H
Variation source Sum of squares Freedom Mean square F value P value
A7 Model 5.42e +005/5. 419¢ +005 5/4 1.084e +005/1.355¢ +005 97.27/137.3  <0.0001 * * / <0. 0001 * *
%) 4.52 +005/4. 52 +005 1/1 4.52+005/4.52 +005 405.61/458.12 <0.0001* */ <0. 0001 * *
% 37062. 36/37062. 36 1/1 37062. 36/37062.36  33.26/37.56  0.0007 * * /0. 0003 * *
X%, 7344.04/7344. 04 1/1 7344. 04/7344. 04 6.59/7. 44 0.0372 * /0. 0259 *
2 92.66 1 92. 66 0.083 0.7814
X2 45218. 13/45459. 15 1/1 45218.13/45459. 15 40.58/46.07  0.0004* * /0. 0001 * *
RZiial Lj: :uo il 6476. 49/6569. 15 3/4 2158. 83/1642. 29 6.52/4.96 0. 0509/0. 075
Pufi o 1324. 46/1324. 46 4/4 331.11/331. 11
JH Sum 5.498e +005/5.498¢ +005  12/12

3.3 XEHEASW

BRI A« AT v, Z I H AR
HEVEBH 3 Y, KA shim A Y, oy g il i, Gn &l 6
iR

XTTHHERR ST Y, UTHI A5 A LMz BAEH
me 1o {1 1T 40 5] 6a iz, BEVEBH 77 Y, b6 DIHI A
HERNT 52 B3 Kt 5, B AR W VD HI A R 34.39° ~
45.00°, Jgi PR IR bl 25 U1 HI A 00N, SRS T B
L AEGAS AL 3 72 v, TRAN 7 030 5 - 1 iy 2

©

HHVERH /N

Tillage resistance/N

S TET AR /)N , AT I T 57 B0 B AR BEL 0 A1 5 B A B
J1Y, BEE A LA A3 L B IRIN S R
AN LA 19.99° ~21.61°, J A J& 24 A L/
G, TRRA B A9 2 BE T 38 55, (EL A B 1 e i
A5 SRR ok TR BRI O DR i SR A A 2 B
VERE R AR /N YA 22 8 IR B YA
MERE , DA M i i BH g 2 38 O 7E VT A 5
ALABEEAE R, R BHERL Y, B R
JEVTHIA

P A/ mm?
Disturbance area/mm

55.61

2161 55 5030
P T 45.00
2 20.39 g9 39.70 Wy’
e[”'af 5 199'919.59 3439 XD
L7 ,{\0
Sleyso o

a. YIRS A L AXBHER T 0; b DTS5 A A X s R

a. Effect of cutting angle and penetrating angle on tillage resistance; b. Effect of cutting angle and penetrating angle on disturbed area.
6 ERARS 7 EIX IR N AL B E S A

Fig. 6 Response surface analysis about the simulation experiment of subsoiler
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