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Simulation analysis and experiment on the operation process of
mechanized double ridge tillage and fertilization operation

LI Wenlong', DAI Fei', ZHAO Wuyun', SHI Ruijie', SONG Xuefeng', MA Haijun’
(1. College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. Gansu Tao River Tractor Manufacturing Co. Lid., Dingxi, Gansu 730500, China)

Abstract: In order to study the effects of different structural devices on the performance and the quality of
seed bed construction, the numerical simulation of ridging, ditching and fertilization was carried out by using dis-
crete element method. The operation molding effect and excavation resistance change characteristics of the two types
of soil lifting shovel and fertilization shovel as well as the variation coefficient and stability of the fertilizer discharge
uniformity of the two types of fertilizer discharge devices were respectively compared and tested. After optimization
the combination of the double-wing trench shovel, the ordinary fertilizer shovel and the straight slot wheel fertilizer
discharge device were obtained, and numerical simulation was carried out. The qualified rate of seeding bed tillage
and fertilization was used as indicators to evaluate the effect of the device on the performance of seeding bed con-
struction. The results showed that the qualified rate of seeding bed tillage and fertilization was 95.40% and 93.40%
under the parameters of 0.50 m + s™', 200 r - min~' and 40 r + min~' respectively. Field verification experiments
showed that the average pass rate of fertilization was 90.30% , 3.10% lower than the simulation result, and the av-
erage pass rate of seed bed tillage was 93.60% , 1.80% lower than the simulation result. The results indicated that
there was little difference between the actual working conditions and the simulation results, which verifying the ac-
curacy of the simulation research model.

Keywords: double ridge tillage and fertilization device; simulation; discrete element method; qualified rate of

%5 B #A:2023-01-03 & 8] B #A :2023-02-10

E£WEB: %K B KRB 3 4 (52065005 ) 5 H b4 A8 H75 4F 58 4 (20JR10RAS60) ; H i & £ R Q13 5] S it M B £ 7 € W
(22CX8GA052) ; Hl A & FFHE HE 4 (20JR10RAS548)

EE BN 20 (1998-) , F , Hlt KoK N - BE5E AR B9 05 18 R P A R X A= - HLas —VE BAE R SE, E-mail: 1850738552@ qq.com

BEESE W C1987-) , F  HR 22 1l 8082 S, EZME IR+ - PR - 1EY BAE RGN 5E . E-mail: daifei@ gsau.

edu.cn



555 3]

BN A5  ER R AE A R 075 LA 5K 265

seed bed tillage; qualified rate of fertilization
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Table 1  Operation machine main technical parameters

${H Value

%0 Parameter
PR (KxTEx)
Machine size (lengthxwidthxheight)
/(mmXmmXmm)

2450x1420x 1120

Bt &) JJ Supporting power/kW 14.5~29.5
TAEE 5 Working width/mm 1100
ok
) ’ﬁzﬂkJ_}x ; 2.0~5.0
Operating speed/ (km - h™")
JENEEREE Fertilization depth/mm 70~90
TERER B Rotary tillage depth/mm 100~ 150
TEACA T8 17 )
Number of fertilization rows/row
TERF T HEFIE 5 XUk SRR HES
Rotary tillage knife arrangement form Double helix arrangement
e

3.71
Productivity/ (hm? - h™")
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Note : 0 is the phase angle; B is spiral rise angle; S is the
distance between rotary tilling knives.
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Fig.3 Arrangement and expansion diagram
of rotary tillage tool group
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Fig.4 Shovel type
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1. Fertilizer discharge shaft; 2. Fertilizer box;
3. Outer groove wheel type fertilizer discharge device;
4. Fertilizer guide tube; 5. Fertilizer spatula;
6. Fertilizer distribution chute; 7. Fertilizer outlet
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Fig.5 Structure diagram of fertilizer device
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Note : O is the axle center of the groove wheel; O, is the center of

circular groove; r, is the radius of the fertilizer discharge spindle
(mm) ; r, is the radius of the circular groove (mm) ; « is the span of
a single groove on the same rotary plane (rad); B is the pitch angle
between adjacent grooves; L is the effective length of the groove wheel

operation (mm) ; 6 is the angle of spiral rise.
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Fig.6  Type of fertilizer drainer
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1. Outer wall of fertilizer spatula catheter; 2. Fertilizer spatula wing;
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Trench and fertilizer shovel

3. Trench opener; 4. Fertilizer guide tube
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Fig.7 Type of spatula
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Table 2  Discrete element simulation parameters

o AR YR HEE
Material Poisson’ s Shear Density
atena ratio modulus/Pa  /(kg - m™?)
A3 Soil 0.300 1.00x10% 2680
AEA} Fertilizer 0.250 1.00x107 1861
4 Steel 0.280 3.50x10'" 7850
HENC A5 8
Slot wheel fertilizer drainer 0.394 3.18x10 1240
N WLEH WREEAN SRR
Cont: \*t tjz Coefficient Static friction Dynamic friction
ontact ype of restitution factor factor
+-3E- 13 Soil-Soil 0.30 0.50 0.30
IBR-BER 0.11 0.30 0.10
Fertilizer—Fertilizer
+3E-4K Soil-Steel 0.30 0.40 0.10
+3E-HEH} Soil-Fertilizer  0.30 0.50 0.02
RE - HE AL A
Fertilizer—Slot wheel 0.41 0.32 0.18

fertilizer drainer

HR A 42 P X8 1 A 209835 B AR 223K, 7E EDEM
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ST kg
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Type of fertilizer
drainer
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Straight grooved Spiral groove
wheel type wheel type

LR A iTH
Shovel type:

N W
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— _ Double wing ! Arc shovel
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shovel

3 it e ™ JF ¥ it 4
Common fertilizer ~ Trenchand
spatula fertilize shovel

()% HLZ5 ) Whole structure (b)AL 22 WA it AT 2% . Doulbe ridge tillzage and fertilizatin device

L EHUA 2 A B3 T A ;4. W22 B 5 BRI 6.7 5 7. UL EEAL ; 8 R ABAC 5 9. A 5 10.BEAR ™ 5 1.8 T3¢ 8
12 TR TT4L 513, A 14 N0l 15 HEIRES ; 16 HEIRER ST AL 17,30 4P 153 B 18,k L SR 0
1. Main frame; 2. Suspension device; 3. Fertilizer box; 4. Spray device;5. Suppression device; 6. Burrowing device; 7. Mulch hanger;
8. Ridge raising device; 9. Ground wheel; 10. Fertilizer spatula;11. Soil covering device; 12. Rotary tillage tool set; 13. Fertilizer guide tube;
14. Fertilizer discharge shaft; 15. Fertilizer drainer; 16. Fertilizer drainer support; 17. Shovel adjusting device; 18. Shovel beam frame
1 ENENEZHEBIREEEGE

Fig.1 Structure diagram of whole machine and double ridge tillage fertilization device
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B EREGREE (mm) shy o /NEREE (mm) shy s KZEEE (mm) 51,/ NEFEEE (mm) 51, . KZEYEIE (mm)

1. Small ridge body; 2. Ridge furrow zone; 3. Ridge furrow covering belt;4. Large ridge covering belt;

5. Large ridge body; 6. Seedling;7. Mulching film;8. Fertilizer particles
h: Fertilization depth (mm) ; h,: Ridge height (mm) ; h,: Large ridge height (mm) ; [/, : Ridge width (mm) ; [/, : Large ridge width ( mm)
B2 £BEVNZHRERARERRERIZARTEE
Fig.2 Schematic diagram of agricultural technology requirements and fertilization process
scheme of whole plastic-film double ridge furrow
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Simulation model of arc shovel

Simulation model of double wing shovel

T

(c)IR T 4 22 1K R (d)R 3L B 2 A 2R
Effect picture of arc shovel ridge body Double wing shovel ridge body effect

LAY A B 2 R 7D Al s 3. R TT L 4 WU I 5 5 5. 0B AL 1575 0, - /NEZR IR}
1.Retaining hood; 2.Rotary tillage tool shaft; 3.Rotary tillage tool; 4.Double wing ditching shovel; 5. Arc shovel; 6, : Slope angle of the ridge body
8 ARFHRHERE

Fig.8 Simulation models of different shovel bodies
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Fig.9 Excavation resistance changes with different shovel bodies
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L AERHA s 2 IR HENE A 3. HENE Al 5 4. S48 5 5. b 1 5 6. DRSNS
1.Fertilizer box; 2.Trough wheel fertilizer drainer;3.Fertilizer discharge
shaft; 4.Fertilizer guide pipe; 5.Ground; 6.Fertilizer particle
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Fig.10  Simulation test process of fertilizer drainer
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Table 3 Results of simulation test

4% BB 5 R RUETEREK
- Fertilizer quality Variable Stability

HEAL 2 2

Typevs of fentilizer  Group per group  coefficient  coefficient
dischargers count ke /% /%
1 0.0078
T 2 0.0082
Straight groove 3 0.0084 2.95 97.05
wheel 4 0.0079
5 0.0081
1 0.008
WA 2 0.0077
Spiral groove 3 0.0083 7.64 92.36
wheel 4 0.0094
5 0.0085

T 1~ 5 B R A X I =

Note: 1 to 5 are the numbers of the sampling areas for data col-

lection.
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Fig.11 Data acquisition sampling area
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Fig.12  Different types of fertilizer shovel simulation operation model
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1. Soil tank ;2. Retaining cover;3. Straight groove wheel type fertilizer drainer;4. Fertilizer box;5. Fertilizer particles;6. Fertilizer discharge shaft;
7. Fertilizer guide tube;8. Double wing trench shovel;9. Common fertilizer shovel; 10. Rotary tillage tool;11. Rotary tillage tool shaft
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Fig.14  Simulation model of double ridge tillage and fertilization operation

{7 # Position/mm

¥ ¥ Position/mm 730

730 e

559
559

388
388 1
217 217 2ud 1L Se 3
46 7 46
-1 | —125

y X > -
(@)X ZE M A1 e JES A 0 Pl (DA 2 B ﬂf it JEIERE
Axonometry of double ridge tillage fertilization Front view of double ridge tillage fertilization

{3 1 Position/mm

559 \ 4

4

(o)W 22 0t A i A 72 ML 1B DA % 22 7 AR K 43 A ()R 3 A 4 T P

Double ridge tilage fertilization left view and furrow fertilizer distribution Cross section of fertilizer distribution

[EPEARGR Y Y S R PR R
Note: Red represents fertilizer, blue represents soil.
15 BREMELHERYMR

Fig.15 Joint operation simulation effect
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