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Design and Experiment of Soil-breaking and Root-cutting Cutter
Based on Discrete Element Method

ZHANG Xuening YOU Yong WANG Decheng WANG Zhaoyu LIAO Yangyang LU Jie
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; The performance of soil-breaking and root-cutting cutters with different structural forms is quite
different. To better break the soil compaction structure of the grassland, the structural design and
parameter optimization of soil-breaking and root-cutting cutters were carried out. The discrete element
method was applied to construct the grassland soil model, and the parameters of the model were calibrated
by direct shear test. A three-factor, five-level quadratic orthogonal rotational combination design test was
conducted with cutting edge angle, sliding angle, and cutting tooth angle as test factors, and tillage
resistance, soil disturbance area, and specific resistance as target parameters, and a grassland
verification test was conducted for the optimal parameter combination. The experimental results showed
that when the cutting edge angle was 37. 8°, the sliding angle was 33. 6°, and the cutting tooth angle was
51.8°, and the operation effect was the best. Grassland tests showed that compared with the triangular
soil-breaking and root-cutting cutter, the reduction rate of the optimized soil-breaking and root-cutting
cutter was 11. 8% and 12. 8% , respectively in grassland soil of different firmness, and no significant
overturning was produced after the operation, which was more in line with the agronomic requirements of
grassland operation. The research results could provide a theoretical basis for the standardized design of
soil-breaking and root-cutting cutter.

Key words; hardened grassland; discrete element; soil-breaking and root-cutting cutter; tillage

resistance ; soil disturbance area
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Fig. 1 Force analysis of soil-breaking and
rool-cutling cutter
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Tab.1 Basic parameters of discrete element model

ZH Kl
TR/ (kgem ™) 2300
L/ (kgem ) 7 86520
T HEF IR/ Pa 1.0 x 10001
B YIS/ Pa 7.9 x 1010120
THaAM L 0.3501
IR L 0. 30020
- [ e E 42 TR 4 0. 602!
- [ e E 42 TR 0. 4501
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-3 ) B E 4 A A 0.2101
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Tab.2 Test design scheme and results of steepest climb

- ek ORI LR AR B
L EmBIE WmRIEE, mESRYL O i Ef
(N-m~%) (Nem™3) ML Ji/Pa  kPa  (°)

1 1x10® 1x10% 1x10°  14.43 13.64
2 2 x108 2 x108 2x10°  22.83 14.79
3 3 x10% 3 x10% 3x10°  29.07 15.07
4 4 x10% 4 x10* 4%x10°  34.61 15.67
5 5x10% 5x10% 5x10°  39.59 17.51
6 6 x 108 6 x10° 6x10°  44.63 18.23
7 7 x 108 7 x 108 7x10°  50.83 20.84
8 8 x 108 8 x 108 8 x10°  53.27 22.16
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Tab.3 Coding of experimental factors
EZ Y U 851 1 R [ e = 7 A 1 71 1 R w2 L% YA T
KIBE A/ (N-m~3) WIE B/(N-m~3) HYIHRJ) C/Pa
-1.682 3.318 x 108 3.318 x 108 3.318 x 103
-1 4x10® 4 %108 4x10°
0 5x10® 5x10% 5x10°
1 6 x10® 6 x10* 6 x10°
1. 682 6.682 x10° 6.682 x 108 6. 682 x 103
F4 BHRERWATRELER
Tab.4 Experiment schemes and results
s S W, NIEESfM/
i X, X, X; kPa (*)
1 -1 -1 -1 34. 66 15. 47
2 1 -1 -1 40. 12 18.63
3 -1 1 -1 35.15 15. 68
4 1 1 -1 41. 67 19.27
5 -1 -1 1 34.63 15. 14
6 1 -1 1 40. 84 18.91
7 -1 1 1 36.92 16.22
8 1 1 1 44. 61 21.27
9 -1.682 0 0 33.76 14. 19
10 1. 682 0 0 44. 84 21.07
11 0 -1.682 0 36.33 15.93
12 0 1. 682 0 40. 47 18.74
13 0 0 -1.682 37.84 16. 87
14 0 0 1. 682 39. 89 18.53
15 0 0 0 39.53 18.21
16 0 0 0 38. 87 17.97
17 0 0 0 38.57 17.83
18 0 0 0 39.26 18. 17
19 0 0 0 38. 14 17.19
20 0 0 0 38.38 17.45

GIMT, 7 2253 AR IR 5 R IR0 B AR )
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Tab.5 Results of variance analysis

X

- MR N EESEE £

S5 H A F P S5 A Hh F P
s 171. 59 9 101. 57 <0.000 1 ** 64. 06 9 52.24 <0.000 1 **
X, 145. 09 1 773. 01 <0.000 1" 53.94 1 395. 85 <0.000 1 *
X, 16. 61 1 88.51 <0.000 1 ** 5.95 1 43.68 <0.000 1"
X, 5.73 1 30. 54 0.000 3 ** 2.04 1 14.99 0.003 1
X, X, 0. 806 4 1 4.3 0. 065 0.3655 1 2.68 0.1325
XX, 0.4608 1 2.45 0.1482 0.5356 1 3.93 0.0755
X, X, 2.02 1 10.76 0.008 3™ 0.8385 1 6.15 0.0325"
X2 0.2069 1 1.1 0.3185 0.0423 1 0.3101 0.5899
X3 0.567 1 1 3.02 0.1128 0.3618 1 2. 66 0.1343
X3 0.016 6 1 0.088 6 0.772 1 0.0125 1 0.091 4 0.768 6
Bk 2% 1.88 10 1.36 10
AT 0.463 1 5 0.3276 0.877 0.5332 5 0. 643 0.680 1
TR 1.41 5 0.8293 5
JEvill 173. 46 19 65. 42 19

.o FRESWEE(P<0.01), * FREFEE0.01 <P<0.05), K,
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Fig.6  Soil-breaking and root-cutting cutter — soil

interaction model
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Fig.8 Influence of cutting edge angle on operation

of soil-breaking and root-cutting cutter
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Fig.9 Influence of sliding angle on operation of

soil-breaking and root-cutting cutter
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Fig. 10  Influence of cutting tooth angle on operation

of soil-breaking and root-cutting cutter
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W\Eﬁﬁ/@% ':F' N gﬂﬁﬁﬁ‘ ftt —%L\, @E%:‘ Central u{“j = BHA R AR Y,/
Composite %béﬂé}&iﬁii@, @Jibigﬁtg/ﬁ, ﬁ:H‘ﬁ FH X Xs Xo Y,/kN Y5/m2 (kN-m~2)
W+ VIR BRI SR B, L oL oL 04012 00170 236
PR AR, B AR | /b faep 21 T oD 0 oo ks
BN 10 om, 454 % B4 I 2 KIS AL, 9 i Lo T e et
F R ik 6 Fios 5 -1 -1 1 0.3910 0.0169 23.1361
F6 MURBLEERDE 6 1 -1 1 0.4042 0.0170 23.7765
Tab.6 Experiment factors code 7 -1 1 1 0.4110 0.0178 23.0899
Nz 8 1 1 1 0.4291 0.0185 23.1946
Gty () W) DA 9 -1682 0 0 0.3895 0.0172 22.6453
s 0 Y 20 10 1.682 0 0  0.4174 0.0177 23.5819
. 24 57 m 11 0 -1.682 0  0.3871 0.0169 22.9053
0 0 30 S0 12 0 1. 682 0  0.4195 0.0188 22.3138
| 16 1 56 13 0 0 -1.682 0.4147 0.0175 23.697 1
L 682 50 3 60 14 0 0 1.682 0.3992 0.0174 22.9425
15 0 0 0  0.3984 0.0174 22.8966
3.2 RBER 16 0 0 0 0.3997 0.0176 22.7102
ﬁ[}’ﬁﬁﬁt%%%ﬂﬂ%‘:{7 F)]"/T\‘,%:ZEF’ X4 \Xs \Xs j":/ 17 0 0 0 0.3967 0.0173 22.9306
N 18 0 0 0  0.4006 0.0172 23.2907
RAPME ., W] Design-Expert 12 H R34 [ 15 424 19 0 0 0 0.3904 0.0170 22.9647
AT Z508T, N g 8 iR, B P {EE/NF 0. 05, 20 0 0 0 0.3972 0.0172 23.0930
TR i 2 | 3R 10 45 S LA A i S s 21 0 0 0 0.3930 0.0173 22.7168
PRAT 0.05, RBTUR B E, RYIELPEAZ 2 0 0 0 03904 00174 2.4%3
TEAE IR A B e . EbAERL Y, W 23 0 0 0  0.3980 0.0176 22.6136
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Tab.8 Analysis of variance
Ji% BB A 3 S B L
KW PR AEF P TR AmEF P TR AME F P
H Y 0.003 4 9 17.02 0.0001* 5.698x10°° 9 26.67 0.0001*  3.15 9 3.97 0.0125°
X, 0.000 8 1 3594 0.0001* 4.012x1077 1 16.91  0.0012* 0.6101 1 6.91 0.0208*
X; 0.001 4 1 62.95 0.0001* 4.565x107% 1 192.33  0.0001* 0.4586 1 5.19 0.0402*
Xq 0. 000 2 1 9.82  0.0079* 1.605x10°% 1  0.6763 0.4257 0.4567 1 5.17 0.0405*
XeXs  1.485x10°5 1  0.6686 0.4283 1.513x10°7 1 6.37  0.0254" 0.0956 1 1.08 0.3170
X, X, 3.251x10°° 1  0.1464 0.7082  1.250x10™° 1  0.0527 0.8221 0.0040 1  0.0453 0.83438
XsXe  4.651x107°° 1 0.2094 0.6548 1.250 x 10 ~° 1 0.0527 0.8221 0.0079 1 0.0897 0.769 3
X2 0. 0003 1 11.99  0.0042* 2.413x107% 1 1.02  0.3317 0.5135 1 5.82 0.0314*
X2 0. 0003 1 11.69  0.0046* 5.170x10~7 1 21.79  0.0004* 0.0000 1  0.0004 0.9837
X2 0.000 5 1 20.34  0.0006* 2.413x10°% 1 .02  0.3317 1.01 1 11.49 0.004 8"
k2% 0. 000 3 13 2.373x10°% 13 1.15 13
ES) 0. 000 2 5 2.68 0.1034  1.707x10™° 5  0.0455 0.9983 0.6533 5 2.11 0.1655
TR2E 0.000 1 8 3.750 x10 8 8 0.494 4 8
S 0.003 7 22 22 4.30 22
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