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Design and Test of Active Lubrication and Drag Reduction Curved Subsoiler
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Abstract; Aiming at the problems of high resistance, high energy consumption of traction in subsoiling,
low operation efficiency, cultivated layer restoration and soil remediation, an active lubricating drag
reduction scheme for curved subsoiler for low water content and high compactness farming soil was
proposed. Firstly, on the basis of the three-dimensional model of the curved subsoiler obtained by three-
dimensional scanning, the interaction between the subsoiler and the soil particles during the operation of
the curved subsoiler was analyzed by the discrete element method, and the maximum friction contact
surface of the subsoiler body was determined as the active lubrication drag reducing surface. Secondly,
the idea of active lubricating drag reduction was proposed, and the body fluid distribution and body
surface texture of earthworm were used for reference. To form the active lubrication and drag reducing
curved subsoiler, the surface configuration in the form of groove, the structure of the lubricating surface
such as throttle hole and the pumping system of the lubricating medium were designed on the maximum
friction contact surface of the subsoiler surface and the subsoiler tip, respectively. Finally, the operation
speed and lubricating fluid flow rate were used as the test factors, and the horizontal operation resistance
was the main indicator. Field tests were carried out under two soil conditions. The test results showed
that in the brown soil environment, when the operating speed was 3 km/h and the lubricating fluid flow
rate was 12 L/min, the drag reduction rate could reach 13. 48% . In the saline-alkali environment, when
the operating speed was 1. 87 km/h and the lubricating fluid flow rate was 12 L/min, the drag reduction
rate could reach 19.87% . It was preliminarily proved that the active lubricating drag reduction operation
mode had a good drag reduction effect in the soil with low moisture content and high compactness.
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Fig.1  Curved subsoiler
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Fig.2 Engineering models of 3D scaning curved subsoiler

1.2 HELBHESHIRE

K 3 293 Ve el BEL A oMb A4S 2 P 3 T A
b AR SO B O R 43 A o T R A B TR A VR A 3t
T v oF 38 0 B 20 R BEL T, 3R AT A B 1 i K
FESERE fiET . A T R 05 Eh S RO A
B 22 HE P 1 2 HE 22 5 50 X Bk 1+ 4
—%,

5 R B 7 L b AT R R R A DR B L R
SRR AL, 45 4 AU S, bR EDEM {5 2p +
Hem ok R, gt ke, Y05 1 P LS R
PG VK R R 0.3 FE EE R IR B 0.5 . 3h
FEHE I HN 0.05 B, 5 K H i & K% 15% 1 +
X R o



36 Y S ]}

L

2022 4

4 EDEM H f) Hertz — Mindlin with bonding 43
iR IR A Sy - S38 BOREL 14 KG 25 R, JURE 22 ) A7 75 12
T 5 U] 16] P A7 1) 64 422 ik 7, Kt 235 0K 5 BE T K 2R
Tl 488 PR, 254 3% i) U] 1) 549 00 ) 3k B — o e E N 2
HUWURL 22 8] 19 KG 45 77 1 28, F LA 05 B DR A 7 TR A i
T R A e SR Bl A b Dy 1

PO R S A O, O A AR E SR O &
HEURL [E] %5 N Hertz — Mindlin with bonding $2 fih A5
B B85 % LIS SR bR E IF S 7% SCk [ 15 - 18]
bR E SR R LI R S AR R B R
SCPE, IR AE EDEM rh AR g B SC R, dl G R R
EDEM 1 Hertz — Mindlin with bonding 42 fili 455 54 (1) 2=
B RS RSB E T S TEBH
VBN 1 7R . # 7 iYL RL 3 ) W 2 2R
2.43 x 10° N/m, VI M R BE R 1.76 x 10° N/m, 3 [A]
I P S K 1.8 x 10° Pa, Y] i) s FL & 1 g 1. 21 x
10° Pa, B 45242 1.5 mm I, 45 % 52 3 0y 201K
BT R X S — B

%1 EDEM XE{FESH
Tab.1 Main parameters of EDEM simulation

S8 HE
+ HEURE A 42/ mm 1
BEEZ BRI AA L 0.38
B2 L WOk B BT/ (kgem ) 1 860
BHAE 2 1 S BURL BY UL &/ Pa 6 x107
R BRI L 0.3
FR R+ WOR % / (kgom ™) 2251
B 2 + SOk Y VIR 4/ Pa 1x10°
TG IR A I A L 0.35
i T PR A B2 1/ (kgom ) 7830
iy T TR AA G BT VIR &/ Pa 7.27 x10%°
B E R AL 0.2
S R A DR K 0.4
- 39 2l IR 0.3
T BRI R AL 0.3
- B VR A R 0 PR 4 0.5
- TR B PR 5 TR AL 0.05

Wl 10 AN B AR S A EDEM b HOi E
T - SR B T T 5 OF R E S SR BRI B A
Tei) (4 3, 18 W TR R A 7 ) T S R 2 m/s
1.3 HERRFETERDSEASN
1.3.1  +HEdsh il B4 M

P 3 25 T B T URAR B R AA L R e Bl 1 1
R A3 A L, B RS DL B FE TR AR B E T,
2+ HETF UG B Bl i, GRS B 1 B4R 5 I S
fioh - 39 TR, VRAR B X6 1 HE A B 1R T A4 5 6T
10 UL e N O € ik N O A T N O -
{10 SR ATUR 8 B A K, U A 4 O 5 7 T 1l H T %

g+ ORI AL 1% T8 2 S RE, JH B R OB R A5
g Sy $Re A Az iz Jy , A AR AE T A PR i, il
{9 R T8 A i JE A, A RO A L4 S ROk
e, DR AP 57 A9 9 52 1 SR AURE 169 BH Ty Jz8 /s T 7 1Y
52 4 ORI B T o

m/s

0.80

/s (50

0.64

0.48

0.32

0.16

2.75x10™* 2.75%10:

(a) 574 5h (b) F 4 zh

&3 TRAN G Bl e By A

Fig.3 Simulation results of subsoiler soil disturbance velocity
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Fig.6 Diastolic head ripple curve of earthworm
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Fig. 12 Changing curves of soil compaction at different depths
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Fig. 15 Resistance curves of test field B
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Tab.4 Drag reduction rate under different conditions
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