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Design of pneumatic deep shovel and gas pressure deep loose
simulation analysis in red soil of the southern farmland

LIU Mingcai, SU Jilong”

(College of Mechanical and Electrical Engineering, Fujian Agriculture and Forestry University, Fuzhou 350000, China)
Abstract In view of the problems of deep substituting resistance, small width and low efficiency of the existing deep
shovel in the red soil plough,a pneumatic deep shovel based on air pressure splitting was designed. CFD software was
used to establish the model of the red soil plow bottom of the southern cultivated land to carry out the calibration of the
deep gas pressure range, and the diffusion characteristics of the bottom layer of different volumetric plows under the
same pressure of 2 MPa were studied. The results showed that the effective enthalpy pressure of the bottom layer of
1.8 g/cm’® red soil was 1.6 — 2.4 MPa; The crack of the bottom layer of the plough was mainly diffused horizontally,
while the crack of the bottom of the plough with smaller bulk density is also vertical. In conclusion, by using the

pneumatic deep shovel designed in this study, the direction and the horizontal direction were diffused, the bottom of the
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plow was larger,and the deeper pine effect was better.
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1. Air pressure split type deep loosening shovel; 2. Air
compression device; 3. Depth limit adjuster; 4. Traction suspension;
5. Traction frame;6. Shovel handle frame;7. Vibration device
B1 SERLRNBERE

Fig. 1 Structure of air pressure deep loosening machine
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Table 1  Main technical parameters of air pressure deep loosening machine
S A SR Ko
Parameter Numerical value Parameter Numerical value

HME R (KX 58 X 85D /em 240.6X 200X 110 || ¥FHFA R AT 45 [l / MPa 1.4~2.2
Subsoil size Deep loose air pressure adjustable range
LT &/ ke 580 TAEIR ¥ /mm 1 800
Machine quality Working width
PRl A7 % 6 B &) 71/ kW =32
Number of job lines Supporting power
TEAR G A B / mm 400 i A I B ] ] 5 i/ mm 200~450
Deep loose shovel interval Loose soil depth adjustable range
VRS 19 4% 1R / mm 10 ALY AT 3 BE / (m/s) 0.8

The amplitude of the deep shovel

Speed of the subsoiler

1.2 T1E/EE

TEAE ML b, BRAS AILAR 41 52 B BF b 75 5K 38 i
FRUR 5 JR B TR AN R BE L FE S PRI AL 22 51 R TR AL 57 i
AL JZ IR I ] 28 A0 40 2 R e e A i
TH 3 5 RN 75 Sk AL B A 1 A R (AR
] ] A 3 5 A 4 Bt SO R T 4E AL R R
WAy, [FE A B R TR B RS
B LS M BLR 2 S AL B 0 BR AR 7 A 1Y TR IEK
I g i — 2L R L DT AR 2 5 BHL 7 o 4 vy - SR e
ROR L, Dl R RS
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AR B RGN AR 57 2 R TR AR BIL B A% 0 3 AF
A A Sk B AR 3 AR BT 2) 0 Bk A R

HIE2F 8 4ok S TR 57 (0 TE 2%, J5 213 20 R H 878 5~
BT 25 AR 48 A BIF 5% X BR AR 7 3k I 45 4 2 8K
AT AR BT Sk K B L =350 mm. J5 5" 5 5
JE B=180 mm, %"k /EE =20 mm, 7j 5”3k 58 &
Z=80 mm, A+ a=23" KM r=75". 71 0 ff
0=20° B ff1 e = 8", ;X A A £ BH J7 /N, i 95 55 KL
+oRE, TSR . | T I08 5 46 78 SRR VL 1
FE BT BT B P A e 28 S, DR AR B 3 1 4 A
BE IO 57 4 1) 3 AU, 57 AR 1 ) Q345 #3944 R, B
6 i5 840 mm, FARJE B 60 mm, 557 3k % $E R AL
JERER N A B TN . AR R R S5 R R
16 Mn 0 #4 R A AME R 35 mm, S Sk BEJE
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1. Trachea;2. Shovel handle;3. Shovel head;4. Air gun
B2 SEBERARVRFEHRTEE
Fig. 2 Schematic diagram of air pressure

splitting deep loose shovel
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S5 A 5C SC R S B TR B VR M 7 398 4 18 55 K I
R AT R 2 R 10~15 cm, A
T2 25~35 em, ABFFE P 0 R B 2Lt
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PIBTEFL— M B 2 N TR 5T X S 857 2D WAL
J2 JEEEE 7 1) ) ) T AR RS (P 4D, 3 FH R O 4 S R b
AR)Z BHEGER DM,

Wi T
Jet direction~ | RURR
Plowing the
| bottom soil
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Pneumatic splitting Fracture

deep shovel
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Fig. 3 Schematic diagram of air pressure

deep loose crack diffusion
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Tillage layer
v
A
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WA 1 2 ¢ Plowing the bottom
Jet port = v

B4 FEKE2DIEER
Fig. 4 Plow bottom layer 2D model
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Table 2 Plowing the ground texture of

the soil composition

RifE/mm  FRESE/ Y
B 2 . igsy ‘ 0
Particle Fractional
Granular name )
size percentage
e M #b ki Very coarse sand 2~1 16.67
H ANk Coarse sand 1.0~0.5 23.30
F1b ki Medium sand 0.50~0. 25 18.42
Y% ki Fine sand 0.25~0.10 10. 50
W 4P KL Very fine sand 0.10~0.05 7.65

¥y ki Powder 0.002~0. 050 21. 28

3.1 BEBESEEEMNWE

by 3 )7 B 56 T TR AN R B R R #
7 Bk b S b 7 R BRI AR ) 4R R
B B8 T 28 Bk B SR e YT B T A E IR
AR AR 0.9 MPa, #7E 0.9 MPa S T, £ 3E1L
[y e A R R G (RS NS WA | B $LF: DN
TRANSE B 2 AR 2 + 580 FL I B & A Wt (0 AE
b RS R AR EE., BK)E EHEE
R T i R B R R Ry A R TR A B R e
% 38 145 P 25 5 1 AL )2 L 0 4 2 T R ORI ALK
ERAL, AT 1.8 g/cm® AT AT IR
IR, EAGSE 0.9 MPa, K 0. 1 MPa, & K 34
INE B ARAERLR Z -8R o A kAW AL R
b, R KB, SIELE 0. 9~1.5 MPa i [l N & 4
B8R R L SR o A A B AR Ak (BT 5 Ca)) 5 i 247
JEHGANE] 1. 6 MPa i, AR AR 2 HHERY - e
— 7 X 383 FRl P B 4K (P 5(b))

Fo#4E 0. 9~1.5 MPa fi1 1. 6 MPa R (5 1&$"
U (] 5Ca) L (b)), R R IGR 1 <R3k 1. 6 MPa
Ja SMBEmE R Y HCE AR AE 0~0. 44 m 93 [
DAL BT I G o T AR I % B A A W B T
RURE ML E AR fE . . A 1.8 g/cm’
B2 AR 1.6 MPa (95 F HAKY B =%
A A WS BT X 3 (K 181 29 0~0. 44 m)
Hrrse sl A RO 8, h P4 HE 1.8 g/em’ YA
I 2% - S8 I 1) 858 4 7 BL 3R SR 1 K 7 9 T L
g s L Wl K SR R SR QDRI T R N N
Gy 18] & B 05 1) 4780 10 22 B ) KO O 1 R

HE— 25 BEIRAS SR LR ZE /Y FLBR B 5 <
4 3580 S RS SRS M E] 2. 4 MPa 5,
Ak 238 <R ALK 2 LB 2R e RS (B (),
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Distribution of soil gas diffusivity at the bottom of different plows
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Corresponding gas diffusion distribution map of the bottom layer soil of each bulk plough at 2 MPa
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