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Optimization of Structural Parameters of Subsoiler Based on
Soil Disturbance and Traction Resistance

LIU Jun’an WANG Xiaoyan LI Hongwen HE Jin WANG Qingjie LI Wenying
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; As one of the key technologies of conservation tillage, subsoiling has been widely promoted in
northern China, while the large traction resistance and high energy consumption of subsoiling is the main
problem of subsoiling. The structural parameters of subsoiler, which included spade shape, penetrating
angle and wingspan angle, had significant effects on the soil property of subsoiling trench and the traction
resistance of subsoiler. In order to investigate the effect on the soil physical properties ( bulk density, soil
porosity and cone index) of subsoiling trench in 0 ~40 cm depth, calculate the subsoiling trench cross-
sectional area ( TCA) and the traction resistance of subsoilers, and make optimization for the key
structural parameters of subsoiler, the chisel-shape subsoiler ( CS) , arrowhead-shape subsoiler ( AS) and
wing-shape subsoiler (WS) were designed and tested under no-tillage conditions. Orthogonal experiment
was conducted in spring maize ridge-tillage area which was located in Zhangwu county, Liaoning province
in Northeast China. The trench specific resistance ( TSR) of the above three subsoilers had also been
calculated. The results indicated that penetrating angle o and wingspan angle 8 had no significant effect
on the change of soil physical properties, TCA and TSR, while the change of o had a significant
influence on the traction resistance, and it would be the minimum subsioler when « was 21°. The spade
shape of subsoilers affected soil physical properties, TCA, traction resistance and TSR significantly. The
soil disturbance extent of subsoiling and TCA were increased in accordance with the order of CS, AS and
WS. TCA for WS was greater than those for CS and AS by 49. 8% and 30. 0% , respectively, and TCA
for AS was greater than that for CS by 15.3% (P <0.05). However, the traction resistance for WS was
greater than those for CS and AS by 123.6% and 36. 6% , respectively, and the traction resistance for
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AS was greater than that for CS by 63.7% (P <0.05). TSR was significantly affected by the spade
shape, and it was increased with the order of CS, AS and WS. TSR for CS was less than those for AS and
WS by 42.4% and 50.2% , respectively, and TSR for AS was less than that for WS by 5.4% . The

analysis result showed that if it was just to get relatively more soil disturbance, WS would be the best

choice when its penetrating angle a was 21°. While taking subsoiling trench’ s soil properties, TCA and

traction resistance, especially TSR into consideration, the relatively best subsoiler was chisel-shape

subsoiler (CS) when its penetrating angle a was 21°.

Key words: subsoiling; shovel shape; penetrating angle; soil disturbance; traction resistance

51

TRAR 2 RAP B E AR W S A B I U —,
X SJEHEAT I YR, AT AL R e
PEME W B AR R e KR e = . H
BRI B ARC SRR K T . IR 5 R
FA ML f 2 0 AR A, TR AR A5 4 2 800 +
S B PRI S AR BB RERE X A E B R T

HRAEG=IRTE AR AR, TRAN ™ 1T 73 Ry i T 5™ i
A MBIE ™, %I 5" b TAESTAR 2 s
- ERE K BB LA KT RE U8 PH 45 T T 35 R0 A X A
TFASE A X Bz B . RUKE & NS
SO AT AR B ST T TRA B 32 1 I B A IR O
117 RE R, B 1 5 ma AL B 1 1 2 808 TR i
B A R R . R A LRI B
f Bk AR 0 F R ERAAR D e R, BEAT T KGE
BETER AR, S T IR S S S 251
BOERR, sk B LU/NR BURC B R, 3o
Bt AT T 5 A W B, iR A % E S B Pro/E B
ANSYS/LS — DYNA \EDEM T {4 % V8 b 57 45 #4
SRGATOF HA AL 2T LR T E N
XFURBA AL 0 PF A 48 b 2 2R B ) Th A€, i A £
B Sh B AN BOR 1 A B AT IR AR B> S
eI B R A 5 BE T P T HEAT ER R B 45 K S 500
AL b

DA X5 358 /0N 11 B FE T SR AR AR A 0 A 19 L 4
B ML B35 B i P R T, RAPER!
RN I B ST O A =R A B A R R A
B XT38 1R TR A A5 SR DA B AN ) 28 TR R A B 14 A L 7
SIBE RO A W REFE o M I TR AR 7 VB ML BE#E , 7]
i i TR A 1 T, A SC A HE UL I T 4 R
IR R F5E 0 42, 38 1 H JE) 1E 28, i 9% 17 IR
W4 R OGBS M SO R & B0 £
e 2h it S S BCRAE L BRI 2R . 2R A b 13
P SO FAE L BHL 7 P 7 T 8 AR S8, O 51 A BRI
TE T AR LY BHL R B (2 51 B ) 5 TR A 1 K i AR L
(B, KRR 57 T8 I 2589 S B0k AT Ak 20 T, L3R
15— R I8 B I 250 S B0 A B AR TR FA 5™

il

1 HBEFE

L1 REEHENHEES

RIS T A BRI S R, 6 T
TAVGILAR (122°25'F,42°15'N) , + Jin 28 Y Oy 470 4
+o I IXJE T/ £ oK ZB/E X, AR i — U5 i
Mo X & EEA G RHERHH K& &
BIRIKE) TDO04 AU 4% X4t Al , 1%k 5 ~F & vl 46 il
AAILE ] Ml iy 52 BHL ) ARG (LR DL R A ol 3
BEAERE AR o IR AR I 4 SC - 900 Y - 4 %
SEREAL R DT R IR B RGBSR R AL bR AR RS
J£0.01 g B FFF BT HRAE 05 2B 5
1.2 @igit
121 sgma & B e

R [ P 4h 2 % 0 BFgE 45 R A B A
B AT o KA BUIRIAE N TR H R FA
PR BE v 2 52 Wil TR AL 7 42 5| BH ) 1 32 452 i [
o M Y A 2SR RN A A TR A AR M TR B
9 40 e HEPLALAT R BE v 2 3.0 km/h, F [ £
S HTIRIA T RINES S E (B 1) .

A y
hr=s-
(@) 5"

(b) HHEH"
(SIS VSN T
Fig. 1  Structural diagrams of three type subsoilers
(1) BARG5E - BUIR AR 57 57 R e M I R . IR
PG5 I B APRO0F 22 51 B ) 89 /NS4 s A7 —
SE R RZ I, 578 B T, %) - 3 A A Sl B, W) i A2 2
A 5| B sl R . MR C A B9 BF 5, AR SR 2
PAGIE 5 BE MK 38 KB 98 47 i B 57 M 3RE 57
PIEE R 3 A K 2B ORM AL 3T T
) K 3 AR TEEE W4y I 80,180
300 mm, U8 PO R T RN, o0 DR R 5T L 6P
BRELIE G R FR ol CS 47 (AS 57 F1 WS 47,

OESZ %



62 & ML M % IR

2017 4

(2) A o BITRAS 479 b 318 5 7K F- T8 1)
Jefo AL, R G A+, BEARIR b T
Wy A AR, S g B R RERE. 2%
ARHMLBE T T FAH G SCHk, 1 A+ A LR 18° ~
24°

() FE 45k B F ok Mk /I TRAR X AL R
ﬁﬂxﬁ%ﬁkﬁ,%ﬁkﬁ%ﬂjﬁ,*mIﬂﬁTﬁ'é/z\iEj(o
I, B KA L 60° ~T70°,

1.2.2 RABHE

WA AR, B WA TR A L o A
kA p IR HE R, KN RK PR EME T
LIS 3 R I v B BT IR R SRR IE R
K, ¥ Ly (37) IS, T 9 Rl A 57 57 4R
(E2),

F1 HBEES5AFE

Tab.1 Factors and levels of experiment

K- HIE A AdfhB/(°) ks €/ (%)
1 WL (CS) 18 60
2 % (AS) 21 65
3 FIE (WS) 24 70

AZBSCI

 ABC ABC

372 33

B2 9 R R

Fig.2 Nine types of subsoiler tine

BT RE R 3 YGRSt 27 Y R AL i
B, RN RS BE B 60 mo DL - SEE 3l ZOR F 7 RE Uik
FELSCR D PR F8 AR , H R 48 b A R A 3 8 A T ) 1
e LB VRS RIS m AR B . T
2013 4F 4 H A TORER A AT SEAT 1 R IR R 15
LRI e S N 1 WGV NP AR AR TP S
B AN AT A R M B, AR D X BRCK 4

WIS X R EER/NT 10% , K204 L4
BERMEZE . 0 ~ 10 em (10 ~20 ¢m 20 ~40 cm + J2'%
SERE 4B 0,603 1. 136 1. 250 MPa; 0 ~ 20 cm,
20 ~40 em + 2 ) +HEA 4N 1.54.1.69 g/cm’,
0 ~20 em 20 ~40 cm + 2 1Y+ 3 il B 5 K R 5 2
19. 2% F1 20. 8% .,
1.3 WikEREFE
1.3.1 3 S

TRAN RIS 5, LATRBA VA O 26 Ol M R IR TE TR
P VA T 48 1T 755 3k R A & (1B 3) 3R ) R 40 ~
10 em 10 ~20 em .20 ~30 ¢cm 30 ~40 ecm 4 M+ 21
THELE T 105C S5 T8, L AR T 3
SR I AL B

f:(l—’;—f)x100% (1)

A f—ABE, %
p— HIHEAE, ¢/cm’
p—— TRV B A2 2.6 ~2.7 g/em’ Z
lf] R 56 f BCH S B {H 2. 65 ¢/em’

-30 -20 -10 0 10 20 30

\
B3 VR I I
Fig.3  Profile sketch of subsoiling trench

1.3.2  faeussgpy

K H SC =900 752 BEAX, DAURAN 1 Hhots hy Ak
VS IR IEL 3 I BB R A G T A 9 4 T 45
AW RS BT R 2.5 em R HUE —
WL HEIEBE IR 45 em, [, A6 00 F) 25 S 2 60 em
(FE) x45 em () BT T4 AR 177 -+ 198 155 5 3 1y 46
Moy 1l o SR FHAR(E 26 1 2 il #1 44 Surfer 8. 0 K frill
Fi9 % 2 A A I AT 9 A T A ) 55 S A LR PR
1.3.3  LEfhaE

Z W CHEN 2522 BE 5 IF 1 48 %+ 64 3 &
I3 7 v, i v R FH AR ¥ T TG RR 3 SR T
BB . B SR B B R AR U R v AR
52 RISV TE 48 B o PR ORI 7l 7 B 7
EER I A ARAR b, MO VRS YA TR S B L T TR AL
AL
1.3.4 B 45N

*%$Iﬁmﬁ%1%%ﬁﬂMF%%ﬂﬁm
WA TP & MR 42 51 L Fo BRI



w2l

X% A ST 8 5 A2 51 L) B TR AR B 45 2 AL

63

JE g 2 B A T 0 T B 1 VA s WL 2 0 A F ) AL L
TR, R IR A H R R e J5 R dR RS
A TIPS IBUND Ve B LI 5 Wy T e
Mo
1.3.5 LM

F P TRAS 578 S 2 B0 R FA T A8 B TH AR 5
Z5| LA W, 3 B RAPER" & 57 (19 94 1
TR T % 2=

F
T="-
A

(2)

AP T i@ﬁﬁﬁﬁ:{tkﬁﬂ,kN/cmz
F—#5] Jj ,kN
A——TRAN I B IE AL, om?

FR A5 (2) K H A7 AT A, 38 T T AR L BH A
PR SCRARAE — @ ARV 3 B T, TR A 47 0 3l # oz ThT
R 1942 51 03 o 1 IE T AR LE BEL N s, A
SR ARDRS 580/ 1) 1) T T AR L BH U8 B 45/ 1 A5 51 ) RE AR
BRI RIS i D G, AH RS B 2 B0 IR AL

*x2

B R A 9 RE SR B
1.4 HiEAE

% ] Microsoft Office Excel F11 SPSS 19. 0 % iz &
J I K Kb B, R AT B R J7 22 40 B, R AT LSD k&
PEAT WF AR, KR P =0.05,

2 BRI

2.1 TEHD
2.1.1  3ERTE KALBE

22 MR H 0 0 em 10 em 120 em 43
0 ~40 cm W H AT, 250 R W, %
F IRV L ZEVREE 0 ~ 40 em + 2, A [A] 4b H i
REHLE0.9 ~ 1.3 g/cm’ Z [i], A [l 4b B4 + 3 75
HERAD EM2ZES, B ERE PO 10 em 5
20 em PP E L, A B o S5k M B AR LIS, R A
AN E . FERETRAN VA H0 10 em £ 20 ~40 em TR
14 4 J2 FNE A 38 0 20 em {3 B 10 ~ 40 em IR JE
1+ 2 IR A R E A B .

RMABENEEp
Tab.2 Bulk density of soil profile after subsoiling

g/cm’

FE G 0 cm 41

BE 0 10 em Ab

R 20 em &b

IR OE TR
0~10cm 10 ~20 cm 20 ~30 cm 30 ~40 cm 0 ~10cm 10 ~20 ¢cm 20 ~30 cm 30 ~40 cm 0 ~10 cm 10 ~20 cm 20 ~30 cm 30 ~40 cm
A\ B, 1.08 1.06 1.37 1.23 1. 14 1.34 1.48" 1.51° 1.09 1.43° 1.34° 1.51°
A\ B, 1.25 1.31 1.16 1. 11 1.25 1. 47 1.58° 1. 66" 1.24 1.38° 1.57° 1.70*
A, B, 1.17 1.25 1.20 1.21 1.23 1.28 1.43° 1.55° 1.03 1.62° 1.76° 1.72°
A,B,C, 1.20 1.12 1. 11 1.25 1.33 1.35 1.28" 1.43" 1.36 1.42° 1.62" 1.58"
A,B,C,4 0.92 1.15 1.15 1.16 1.18 1.25 1.47° 1. 40" 1.10 1.53° 1. 64" 1.62"
A,B,C, 1.30 1.15 1.13 1.27 1.22 1.21 1.29° 1.45" 1.20 1.47° 1.73" 1.53"
AyB, C, 1.20 1.18 1.18 1.27 1.27 1.30 1.29" 1.21° 1.38 1.47° 1. 44¢ 1.46°
A3B,C, 0.93 1. 11 1.07 1.19 1.30 1.40 1.43" 1.36° 1. 12 1.23" 1.33¢ 1.49°
A;B,C, 0.95 1.10 1.12 1.04 1.31 1.35 1. 34" 1.26¢ 1.21 1.30" 1.37¢ 1.47¢

T« [ 50 B8 A TR 5 B B AR R AN [l b B 2 i) 28 S R R 35 (P >0.05) .

WE 4a Bi7s , 76 95 B URPA VA ot 10 em 07 1)
0~20cm + 2, FAEHAEL 1 ~1.4g/cm’ 28], K[
WA ERA B EVEZE R BIRM AT A =R T
7.28% ~27.15% , 7 20 ~30 em + 2, K [6] 527 &b

18
1.7
1.6
15
o 14
13
&
1.2 —o— CS —A— WS
Lhr —B—AS %= (K
0 L s .
0~10 10~20 20~30 30~40
WL /em
(a) BETRAAVE 10010 emklh
& 4

MM A EIF GG B E 22 R, CS X N M A =
Bk 1.50 g/cm’ 55 AS 47 F0 WS 474 1o o7 & 25 E 3
B 5K 8% F1 10% . 7€ 30 ~40 cm PR, + 3
FAG 5 R, CS 57 AS B WS 47 3 R TR AR

1.8
1.7
1.6
1.5
1.4

F /(g o)

—o— CS
—8— AS

—A— WS
—>— CK

10~20 20~30 30~40
Rl em

(b) BEPRHA YA H0220 etk

A TR0z 5 - e o A Al 46

Fig.4 Changing curves of soil bulk density at different points



64 P A1 R R 4

2017 4

Ji R AV, ) A H AR AR R BEAIG, CS 47 %) B f) 45 T
P 157 g/em’, 43 Bl A WS 52 H1 AS 47 b B K
18.5% F1 14.0% .,

WE 4b s, 7E A I H 0 20 em {7 # TR
0~10 em+ 2, FEAMT 1.40 g/em’ %A B FH M
225, 7E 10 ~40 em £ 2, A A 57 JE Ak 3G B Y 25
HEHAREMEZE S, K 4b KW, 10 em KE LT
T2, WS A EH BALT CS 5 AS J* W& &
fH:7£10 ~20 cm + 2, WS §“5FE b CS 5 \AS 5 &
Fi/N 11.0% ;7€ 20 ~ 30 cm, WS 5725 5 43 5 Lk €S,
AS 545 T /N 13% 21% 5 7E 30 ~40 em, WS 4225 &
)43 CS 57 AS %/ 11. 6% 7. 48%

B (1) AT, A3 FL B 5 45 T MR TR G
M AR R AR IS DL & 2. 1.1 153 40 4 i 25 S 50
AT o Kok B X+ AL IR B A B PR e,
T 57T 14 728 Al %ok L B B8 1Y 228 A6 AT 8 25 52 )

SHRAA AR fem
0 10 20

S TRAA T OB S fem
0 10 20

PS5 2 TRAA TR TR LB P S (2 18 . i TS
FEGRAA T L7 B0 ~40 em + 2 FLBREE ¥ 7E 0.5
Phbo SR Z )5, K2 (20 ~ 40 em) 1 4545 5]
A RGBS TETRAR YL N, IR R R B 5 R R
AR R BE A BRAL o XF LU A0 BT 3 A A (E K &, 5] Sa.5b
FLIE Sc 34 B CS 5% (AS 5= IR A 14 78 TR i 74
UG [ I G A B 1) B FLBRE AR fh R WS 4 I
AV P, ZEREI L 10 em {7 B, + HEB AR i 22
SRR, S R A 1 DX 3 RIS RS X 385 A T A X
SR P X, WS 57 TR A V) LB 45 1 £ [ B 4
KA A BHAL , ULEH WS BRI YA 0 3] 20 em
A7 11 P 1) 345 B AL A o

LA AT 4 A E 2 SR 5 FLIR B S LR AT
B AL 520 ~40 em - EMA T A B
TR, WIS RS I 55 TE R K UK
T, %o R 2 - A A S50 A i B R T K
UL BB fom
00 1‘0

-10

~30 1 =301

-40

—0.60
—0.58
=104 —10.56
0.54
0.52
0.50
048
0.46
0.44
0.42
0.40
0.38
0.36
0.34
0.32
0.30

[T 1]

=304

CTTTTTTTT

—40

(b) FHES

(c) FIE5"

PSR VA T L S0 (B 2R 1A

Fig.5 Soil porosity contours of subsoiling trench profile

2.1.2 TbA RO 0 R S

FE] 6 St TR AU 1A 480 TR 40 A TR A - 8 1) T 55 2 R 4
L VBT L, 57T 18 728 A0 0T TR A V) 8 1) 55
SRER W ELW A LA o 5K B R B SRR
INFNGR A A B E R . 3 BT Bl 6a .6b 6¢, B ST
SR A A B R AR S A6 B 0 DX S 2
TR DI 1 o RAS DX 1) 30 A IX, SR 2k 1 TR AR 5
AR BRI o 1 6d B, R IRALN Y 1 AR
15~25 em L RAFAEY B ALK R, B 55k 3
2.8 MPa lJ F .

120 ~ 15 em [ 12,3 Fh G JE X I 2R FA 18 19 5
SEREOR AR S A B R AR — 2, 7E 20 em IR
B, B EEART 0.6 MPa 174 58 15 Bl 4 7E 60 cm L)
b 7E20 ~40 em 1 )2, AN [RGB AL BRI 5K 5L 4y
iy 5 25 5, BRSL AT 0. 6 MPa | 5 B2 Bifi CS
B OAS B WS FAR U K. TE 25 em L3 Fh

JE Ak B B 98 JE BT 5K 52 AT 0. 6 MPa 1 5 B2 0 3l
#7531 em 45 cm Fl 53 cm,
2.1.3 +EE

ic [ Pro/E 5.0 CAD £ B 8 fF F4 4 T H
T2 A5 15 W] SR AR 1 A TR 18 52 P B 8 22 ) 8 A
7 Fiv 7 09 G P VA D, O FLAS B AR AR AR, W] 353
BRI, W3R 3 s, i3 3 iR IE
T RN RS P A o 5K A1 B X S Bl i 1Y
S A 3

XF e M T AN TRl 578 i TR FA TR JE T, 5B
AR AT TS Sh AR W R (R 4) o TEIR
AR 2600, 98 B9 IR #sE . CS 57 i3
ERAEVIE, WS g 2 “ U7, AS 57 i iE 1B
JE IR B G —F Z ). XIRE 6 il B S
SRR PR AT R, S B Al 22 B A TR IR A 7 B 5 R 5
JEAEHA P 2P A — 2, MRIER3 15, CS



%2 X% 45 . BT L3 54 51 By MR R S5 4 S B ik 65
Ll KPR B /om LA EER fom
gH 0 -0 o 10 20  30ypa 30 =20 -10 0 10 20 30 ypa
; ; ] " ; 0 . . ; ; ,
34 28
30 N
i&o 26
039 24
H2.6 i 2-2
B4 H2.0
M5 H18
H20 \g H 1.6
0is B Hi4
H14 IS H1.2
113 Do
Ho8 H0.6
0.6 H0.4
H0.4 5
- 82 : 8.'_
(a) BTEG (b) HFIEG™
S KRR E /em SR K- B fem

G0 -0 -0 0 10 20 30y go 0 -1 0 1020 30yp,
L 8 2o 5248
- o H20 3¢
] —0 s 155
K
‘E I }i < 7 H16
i N i | H14
e Lo 123 L2
Ho.8 ~ H 1.0
0, H0.6 1 1] 8-?)
04 H04
Ho.2 Ho02

Lo =0

() B

(d) ARV T3 RS

P06 TR AL Y AR T 3R S EE A 2

Fig. 6 Contours of soil cone index of subsoiling trench profile

(a) WIS

(b) WIB 5
T ARG I RS TE
Fig.7 Subsoiling trench shapes of different subsoiling shanks
B OAS G F WS BT R b 1 R T R B AE 4 0 R
941.4 .1 085.05 .1 410.36 cm®>, WS 4= 4 g 1 £ 4y
WL CS B F1 AS 57K 49. 8% 30. 0% , AS 474k 2 THi
L CS K 15.3% .

() FIEHAIE

x3 Rz EREFSIERN

Tab.3 Subsoiling disturbance area and traction

resistance
i I 16 FL/ G S, WIEEA L/
I 4 5 R .
cm kN (kN.m™")
A, B, 941.10° 4,57 48. 56"
A B, 921. 90" 3.95%® 42.85"
A B, 961. 20" 4,71 49.00°
A,B,C, 1.009. 75" 7. 1204 70.51"
A,B,C4 1084. 60" 6. 67" 61.47"
A,B,C, 1157.80" 7. 86" 67.89"
A3B, Gy 1255.49°¢ 9.76¢ 77.71°
A3B,C, 1431.50° 9.28°" 64.83"
A,B,C, 1544.10° 10. 54°A 68.26"

< 79 4 A TR 5 b R AR AR B 22 B R 5 N
FEARR S0 5 1, KT A L A 0

ER AT R e R FLIRBE R S B AN T i B
ISR 45 2R, 5798 T + R 20 1 3 ey f B, 7 10 ~

x4 HKBFIHANER

Tab.4 Results of statistical analysis for experiment

S = s 22 [EREi) - B
7 i3 [
I 346756.022 2 35.637 #
» A+ 34774.007 2 3.574
AR K 9 546. 034 2 0.981
2 9 730. 200 2
i 44. 567 2 571.372 s
At 1.718 2 22.026 *
L L] 0. 062 2 0.795
% 0. 080 2
i8I 957. 500 2 55.026 "
- At 128.268 2 7.371
D L L K 10. 265 2 0. 590
2 17. 400 2

TE: * 2R EE, = RN EE,
20 em LR, I ET B G RIIIE B 00 TR T 2
Bk 30 ~ 40 cm 40 ~ 50 ecm .50 ~ 60 em, 7E 20 ~
40 em 42,3 R 19 TN T BE 4301 2 10 ~ 18 em
11 ~18 em 21 ~30 em, F79E 19728 16 B H 5 i 31 %
A V) DU TR X 4B 8 0 A ORI IR B B 3P
bLREE BT S8R B 8 O, I B DX AR
N
2.2 EMFESIEAN

BHJ I (35 3) K5 22 o M &4 2R (3R 4) & B,
KA BT IRISBE ) F A BE M, A+
1o XFIRAN G BT 32 BH 1A W S o o DA 18° %] 24°
MUK RIS B3 F SE s 5 386 K, 2 oy 21°R0),



66 & ML M % IR

2017 4

BH A3 B A 6. 63 kN, #5555 KAl /N 16. 1% , a 2 24°
B BEL T 3k ) de R fE, B b BT PR R ¥,

J5 22 W R B TR X IR A B B ) F AR e
S, F 4% CS 57 AS 47 F1 WS F R 3 K, HF- 3
BH A3 43 50 J& 4. 41 7.22 9.86 kN, WS %% fif 5% fH /1
S H AS BEFT CS 47K 123.6% F136.6% , AS %*
. CS 42T 22 FH f1 K 63.7% . CS %% AS §7H1 WS 4*
FIR) 7 T 5 85 K X 8 DR BEL g R 7 0 Tl 28 A 1 — 4> T
BN . ABO-ELNOR 25" S0y, + HE B 35 14 1)
T BERE I — A5 T By 22 2 ROk B 120% , 3 5 AR
TR B A — 3, A 5 TR B 2 1T ) 2 ol 18 AR
(IPNANERS A EIN S-S R IN IR R U PN
/N, CS 57 VAS 57 WS 57,3 JETAN G5O 1 R A 2
UK R o AT AU, 5 - 338 1) 422 fioh 7T AR gl
K BE 78R
2.3 HrERLLE

T2 i (F4) T, AL o3k M B XTEIE
T AR BEL S e AN (25 o 7T 194 28 Ak ok Vi I T AR L B
AW F L, CSH* AS 7 F WS 5 i 18 JE i 1 1L
RHLSF- 247 {8 43 1] J2& 46. 80 .66. 63 .70. 28 kN/m’*, CS 4”
(976 T2 T80 AR LG BHL 430 ¢ AS 57 il WS 7 /IN 42. 4% FiI
50.2% ,AS F* BV TE 1 AL HLBLER WS 71/ 5. 4%
AS 7 F WS 75 1 HE BAR R 38 BURH X8R R 3
AR E T TG 22 5| S X R, AS 7 F1 WS 471
TIE T AL B AH 22 85008, 1 5 CS 7 19 1 JE 1 AR L
FHAHZ 30K, Ui AS 471 WS 47Xt + 38 7= A B3y 1
FRE R RSB 3, Fr 2 42 51 B JJ kb CS 57 A 2 3 K
M CS =3 WS 47, 78 JE T AR L BEAR O3 K, 5708 19
Ak VA T T AR E B AR A i E R A

1 Y T AR G BELE SO, CS 47 19 3 T T A2 bE B
FHXT Fe/INUE I, CS 57 BB AR /N 42 51 T 4R BRURH X e
R T EH S BPAEAR [ AR ML 25 105, % 42 1
PR AR R AR AR Bl , CS 7 i 2 42 5] J) B L AS 4
WS G243 R/ 42, 4% F1 50. 2% , % AS 47 F1 WS
B E , CS R R BE B B/, 2 BN I BE T BN (B
CS 5™ fig % - 498 38 ol A T ARUAE X 8 R i e 3l o

2.4 FREREMSHRLERE

i EAE LT R LIS
ARG AE 51 B ) S T AR BE B B 23 BT R A
A I8 HEINE] 24°mF, A2 5| BT F 5B/ 5 5
K4 a 210, F IS R/AME. PIL, XT3 Flg”
e AL a o 210, BRAR B B TR AR 1 BE AR XTI
bfo 5k B AZ AL XS IR S A 1 F O 5 i AR
N AT 9 A AR ff B2 20 B, 5K A B Tl 60°
R, ARG S0 AR, TR B 1 2 AR AR X A A1

B TR 57 P TR AR T b ORI
5, of - S Bl KU K B ) F AR O K
VA TE T BR LEBE A BE 25 5 PP, A X d G B9 57 2
AL S o 21 EEIE " o A AR IO X R Y L
P S, M o O 21° B I 47 I A 0 B B 579 o

3 i

(1) IR LS B (A LA o iR B) A2k
XA LB VRS R R R
Xf AT LB RS R R S AR
BN E BRI, 3 SRR AN B R BT 5 1 TR AL T B
ROR B, HUGEH B 5", 8T 47 B TR A 1 L X el
No BB R 5T R OB 5T, 0P T A OO R,
XF 20 ~40 em P EE ) 4 5 AP0 3 X BRI K

()P IMA LM o MEFIHT FAREY
Wi o FREA M1 o B RSEIN IR, 2 o
20°m B Sy de /o F O BESIE T B B 3 R B K, 3P
B e 52 BHL 3 43 591 VG #5857 R OB 57 K 123. 6% F
36.6% . WilLH LWL T2 )1 K 63.7%

(3) P IE X i I8 T AR LB A B . ¥ B
U I E S 2 R ATIE 2N A iR/ €. - N <P
B 1 98 I T AR LG B 2y ) B R 5 R 3EE A /)
42.4% 1 50. 2% , #7409 V8 I T AR L BH 48 3 E 5
H/N5.4%

(4) 55 B LRI B AR B0 F L&
TIE AR L LAY 28 A0S m, AR 25 T, A L «
N 21° BT R AR R BAL I 57T

2 £ x W

U BHIC, ZH, RARW, 5. FHE D SO0 % 2058 B PR R B KRR g [T ], A AU A=), 2006,37(12) 162 - 66.
LUO Xiwen, LI Jiuhao, ZHU Yuqing,et al. Effect of tillage methods on soil physical properties and moisture content of latosol[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2006,37(12) :62 —66. (in Chinese)

2 KEEE, BiE L, mRA, SRR ORI SRR A AR FRAR PR [T]. R LAR A4, 2015,31(5) <78 - 84.
ZHANG Ruifu, YANG Hengshan, GAO Julin, et al. Effect of subsoiling on root morphological and physiological characteristics of
spring maize[ J]. Transactions of the CSAE, 2015, 31(5) .78 —84. (in Chinese)

3 TAO Z, SUL P, CHEN Y, et al. Subsoiling and ridge tillage alleviate the high temperature stress in spring maize in the North
China Plain[ J]. Journal of Integrative Agriculture, 2013,12(12) :2179 -2188.

4 ARULYE, SKkEJe, MR, S IV E T REX RN EREREEF R ENEZM[T]. R K% %4, 2009,

40(4) 475 - 477.

70U Hongtao, ZHANG Yulong, HUANG Yi, et al. Effect of deep tillage on maize growth in the semi-arid region of liaoning
northwest area [ J]. Journal of Shenyang Agricultural University, 2009 ,40(4) :475 —477. (in Chinese)



w2l X% A ST 8 5 A2 51 L) B TR AR B 45 2 AL 67

11

13

14

15
16

17

19

20

21

22

23

24

25

TRAER, AU, gk, A BHE DT SO A — AR P RX 3 R AR R R R [T ). RO HLR AR, 2013, 44 (B ) 1) .77 - 82,
71.
ZHANG Xiangcai, LI Hongwen, HE Jin, et al. Effects of different tillage managements on characteristics of soil and crop in annual
double cropping areas in northern China[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013,44 ( Supp. 1) :
77 -82, 71. (in Chinese)
UL RIS AR R PEBE AT IR BORPR [T ] RO A4 4, 2000,31(6) 42 - 45.
LI Hongwen, CHEN Junda, LI Wenying. Study on subsoiling technique for conservation tillage field[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2000,31(6) :42 —45. (in Chinese)
FA, BN AR TRAA AR R AN M BT R A I S AT [T ] RS, 2011,33(1) ;179 - 182.
WANG Wei, QIU Lichun. Effect analysis of three kind of subsoiler carry on the deep tillage [ J]. Journal of Agricultural
Mechanization Research, 2011,33(1) :179 - 182. (in Chinese)
KA. 3 FEMG X ERAE ORI [T]. AR 5% 4%, 2012(6) :23 - 25.
ZHANG Shaojun. Experimental analysis on the subsoiling effect of three subsoilers[ J]. Agricultural Science & Technology and
Equipment, 2012(6) :23 -=25. (in Chinese)
RAKE XS I TT G LRI 2 I BOE R B 5 S AT [T ). Aol TR 4%4% ,2007,23(6) :109 - 113.
YU Yongchang, LIU Wenyi, ZHAO Yingfang, et al. Force mathematical model and examination analysis of the column subsoiler
[J]. Transactions of the CSAE, 2007,23(6) :109 —113. (in Chinese)
JARERR, TER, kM, & BT T UOESCHERS M i R SRS RO T ], R4, 2006,37(10) :86 - 89.
ZHOU Guixia, WANG Chun, ZHANG Wei, et al. Mathematic model of deep-shovel with critical structure parameter based on two
times orthogonal rotational regressive tests[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2006,37 (10) .
86 —89. (in Chinese)
kg, &4, DR 5 A B IR AR R T 55 [ J/0L]. R MU 2# >, 2014,45(4) 141 - 145. http: // www. j-
csam. org/jesam/ch/reader/view_abstract. aspx? flag = 1 &file_no = 20140422 &journal _id = jesam. DOI.10. 6041/j. issn. 1000-
1298.2014.04.022.
ZHANG Jinbo,TONG Jin, MA Yunhai. Design and experiment of bionic anti-drag subsoiler[ J/OL]. Transactions of the Chinese
Society for Agricultural Machinery, 2014 ,45(4) ;141 —145. (in Chinese)
K, SR, Tk, . ZATRSEBTHHEE A R 55 [ I/0L]. Ll HLAR 4R, 2012,43(8) :61 - 65.
hitp: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20120812&journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2012. 08.012.
ZHANG Qiang, ZHANG Lu, YU Haiye, et al. Finite element analysis and experiment of soil resistance of multiplex-modality
subsoiler[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2012,43(8): 61 —65. (in Chinese)
WEH, UL, SRR, S M LM ST M B EOC B 58 [J/0L ], KA 4R, 2016,47(7) :80 - 88.
http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20160712&journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2016.07.012.
HUANG Yuxiang, HANG Chengguang, YUAN Mengchan, et al. Discrete element simulation and experiment on disturbance behavior of
subsoiling[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47(7) :80 —88. (in Chinese)
KA Ay 2, 22 k30, 45 56T B BOT TR R L IR AL 3T 2 L T IR P B 58 [ J/OL ). Rl ML % 41 ,2016,47(9) : 1 - 13.
http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20160910&journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2016.09.010.
ZHENG Kan,HE Jin, LI Hongwen, et al. Research on polyline soil breaking blade subsoiler based on subsoiling soil model using
discrete element method[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47(9): 1 —13. (in Chinese)
RAPER R L. Subsoiler shapes for site-specific tillage[ J]. Applied Engineering in Agriculture, 2005,21(1) :25 - 30.
RAPER R L. Force requirements and soil disruption of straight and bent leg subsoilers for conservation tillage systems[ J].
Applied Engineering in Agriculture, 2005,21(5) ;787 - 794.
RAPER R L. In-row subsoilers that reduce soil compaction and residue disturbance[J]. Applied Engineering in Agriculture,
2007,23(3) :253 —258.
TrerR, EWEHE, BUAE 4. 5 B B MRS 7 & [ /0L ] Ol BLAE 27 4] ,2013,44 (8) :63 - 68. hitp: / www. j-csam.
org/jesam/ch/reader/view_abstract. aspx? flag = 1&file_no =20130811&journal _id = jesam. DOI:10. 6041/j. issn. 1000-1298.
2013.08.011.
QIAO Xiaodong, WANG Xiaoyan, YAN Hua, et al. Field experiment platform for rear suspension[ J/OL]. Transactions of the
Chinese Society for Agricultural Machinery, 2013,44(8) :63 —68. (in Chinese)
o E O MU AR 2 T B . A AU BT M. dbst . o E RO B R 4 ,2007.
PRACHK, 22 R, T 3. Surfer 8. 0 SF{HLR L H A+ —FEE 7L [T]. LAEHERY) 44,2007 ,4 (1) : 52 - 57.
CHEN Huanhuan, LI Xing, DING Wenxiu. Twelve kinds of gridding methods of Surfer 8.0 in isoline drawing[ J]. Chinese
Journal of Engineering Geophysics,2007,4(1) : 52 =57. (in Chinese)
HASIMU A, CHEN Y. Soil disturbance and draft force of selected seed openers[ J/OL]. Soil and Tillage Research, 2014,
140(1) ;48 —54. http; // dx. doi. org/10. 1016/j. still. 2014. 02. 011.
CHEN Y, MUNKHOLM L J, NYORD T. A discrete element model for soil-sweep interaction in three different soils[ J/OL]. Soil
and Tillage Research, 2013,126(1) :34 —41. http: / dx. doi. org/10. 1016/j. still. 2012. 08. 008.
ABO-ELNOR M, HAMILTON R, BOYLE J T. Simulation of soil-blade interaction for sandy soil using advanced 3D finite element
analysis[ J]. Soil and Tillage Research, 2004,75(1) :61 - 73.
BROEHE, BRIRSE. 0 G R ARG B R EE S AT SO BOARA [T ] AR HLB A 4R, 1984,15(1) :69 - 78.
QIAN Dinghua, ZHANG Jixian. A summary of study of adhesion and friction between soil and metals[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 1984 ,15(1) : 69 —=78. (in Chinese)
AP, ALER IR, BRFRIE. 3R B A AL A B BT [T ] R0l AR A4, 1996,12(3) 120 - 24.
CONG Qian, REN Luquan, CHEN Bingcong. Study on soil adhesion phenomena by chemical adsorption[ J]. Transactions of the
CSAE, 1996,12(3) :20 —24. (in Chinese)



