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Simulation Analysis and Experiment for Operation Performance
of Interval Subsoiler Based on Discrete Element Method

WANG Tiejun YU Zhongxin MENG Fanbowen CHEN Yuwen WANG Ruili
(College of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

Abstract. In order to solve the problem of soil disturbance caused by straw returning interval deep sowing
combined operation machine in conservation tillage, an interval subsoiler with direct injection deep
sowing shovel was designed. The discrete element simulation and field experiment method were used to
study the different shovel body width affect the behavior of soil disturbance. Taking tillage specific
resistance, soil swelling degree and soil disturbance coefficient as experimental indexes, the soil
movement state and micro-movement in all directions under different shovel width conditions were
compared, and the soil disturbance effect of direct injection deep loose shovel was analyzed. The results
showed that tillage resistance was the minimum when the width of shovel was 350 mm, and tillage specific
resistance was the minimum when the width of shovel was 450 mm. Soil disturbance was increased with
the increase of shovel width, and the shovel width mainly affected soil lateral disturbance, soil retreat and
ridge height. Reducing the width appropriately was beneficial to reduce soil lateral disturbance, increase
soil retreat and reduce ridge height. The width of the shovel had an important effect on soil fluffiness and
soil disturbance coefficient. When the width of the shovel was 350 mm, the soil fluffiness was relatively
small and the soil disturbance coefficient was relatively large. Different shovel width had certain influence
on tillage resistance and disturbed area, and the influence degree of shovel width on disturbed area was
greater than that of tillage resistance. Within the design parameters of shovel width, the average errors of
test and simulation results of soil bulk degree and disturbance coefficient were 6.36% and 6. 84% ,
respectively. The average errors of test and simulation values of tillage resistance and specific resistance

were 9.02% and 12.41% , respectively. The effect of interval subsoiling machine on reducing soil
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disturbance was obvious, which can provide reference for the optimal design of subsoiling machine.

Key words: conservation tillage ; interval subsoiling; direct injection subsoiling shovel; soil disturbance;

discrete element
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Fig.1 Schematics of conservation tillage straw returning

to field at intervals of deep loosening and less tillage
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Fig.2 Tillage condition of direct injection shovel
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Tab.1 Basic parameters of soil particle model
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T ik 3 10 5 0 0
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T migy s 10 10 0 0

WKL 6 10 -10 0 0

— N WOk 7 10 5 0 0
PRCPRALE e s 10 0 9 0
kL 9 10 0 3 5
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Tab.2 Basic parameters of discrete element simulation
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R 3 AT AN TR 57 W 5 X 4% J= b S A A [R] 5 1) L



%41

ERRA . BT RO R E R R A ULV LA RE DT B 101

T KA AL B 52 W, 76 kA 455 780 vp 0k 8 0 T VR P 7 B
g2 HHRTR U A a7 B K M % ELA AR 2 M Y
R, 6 s,

1

L
I'&
!
!

1

P 6 B AR L v 3ot i TBURE A
Fig.6 Selected particle position in tillage model

S WF 5 H A [ 47 R ek 5 BF AR 15 0 32 sl LR
TERFVERE R vh e 9 550 1, (0, D 3 v [0 B Y 1 0
FoL L RHER AL e 8, 5L L AR E
LETRAVAN- i o= - W SN A B =l T VA i o S 87
B 7 FIURETE B A INF 000 AN (] A B, 3 58 e g TR 32
¥ , 38 3 0 B 07 8 P AR o B b R UORLAE Ly 2
Jri R iR
2.2 TERIEHRES

TE BLTE ARG T2 3Lz 3l XS B Bex B VA
T FEAT#FAE T 180 Al T B4 T3 1) (O 1)) 4 3
PR A Sy T T TR 7 B B A T 1 AN g O R
B 58 S U TR B 0T - S 0 AR O 1 4 B 1
DU, W F 3 B A 5 1) (000 1) ) % 50 T O BT AR B4R

300 mm 350 mm

300 mm 350 mm

400 mm
(a) PRALE

400 mm

T it 7 A R ) 7R R e, B T ) A S T A B A
Hp ) A e ) RN A A A AN [ B A BE T 0 1)
(2 BT HEE 77 ) FBEAE J5 ) i) 1 4 0 1A 7.8
Ji7R o

&7 AT AL, VR VR PA BT AR A 5 AR R 5 T AR
M HUERARRL, BIAES™ 22 AR IR U IRIAE R 4l +
Bz B R BV YD ARAE I, g ) i B4R O R R
TR, A FT R 1) VA0 R 58 ) ) 459 A A AR A R
R R b= e 0 28 AR s — 38 4 1 458 nl v
HN

B A WG B R B AR 2 O o RN R £ 50RE ) )
BE/R5IE-ATRTE 00 ey it vt €= SRR R (NEIEY N
SEZMAN 2, 60 2 (40 a0k ) i 3h 5 i B
JIN 5 B A A I T 1 8, B4R 2 R R T B
i, 5= 7 6 A P St R Wi i ([ Ta) , (H 5"
IR 43 xoF - HERE A T2 B 2 0 B AN AR I 5 %
AT R ) W3 Y AR 528 300 mm B, +
S8 RV R /DN EL ARG, 100 B 57 A iy s xoF - 48 5 i
BN s M5 A 55 Ry 350 mm B 4 A o BRVE )2+
8 [ S R TR 0] S R A 7 AR T B R 300 mm B K,
WEBA 300 ~350 mm {5 [l P, 4 A R 5 3 in 6 £
2y 3 L3S 0 52w AS B3 H S A 4R 98 i 350 mm
B E] 400 mm B, 570 FT I AR 2 B ZE K
R ENTR IS 7 B A DT R K N ]
400,450,500 mm FF, 55494 Fif i 114 R 2 A0 P 000 - 398 3R
2y DX I Y e, L e S ) 34 DR 5 24 A

450 mm 500 mm

450 mm 500 mm

(b) & Al

300 mm 350 mm

400 mm

450 mm 500 mm

(c) F ]

300 mm 350 mm

400 mm

450 mm 500 mm

(o) Gtk
B 7 A e A SR 1) B B bR S 9 5 i
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Fig. 12 Operation process and effect of interval subsoiler
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Fig. 13 Influence of spade width on soil disturbance profile
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500  13.88 14.31  3.02  54.35 53.90  0.83
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Fig. 14 Influence of shovel width on tillage resistance
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