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Simulated analysis and experimental study on plough tillage resistance model

LIU Jinbao', ZHENG Xuan' ,MENG Xiangjin', YANG Huaijun' ,ZHANG Luyun', LI Qingchao’
(1. Machinery Equipment Research Institute, Xinjiang Academy of Agricultural
and Reclamation Science , Shihezi, Xinjiang 832000 , China;
2. School ofMechanical and Electrical Engineering, Shihezi University, Shihezi, Xinjiang 832000)

Abstract; In order to further improve the plough performance and analyze the factors affecting plough resist-
ance, a plough resistance model including plough structure parameters, soil physical properties and plough working
parameters was established based on the Mohr-Coulomb soil shear theory. The tillage resistance equations of two
high-speed plough A and B were established based on the soil physical characteristics of corn field in Xinjiang. The
theoretical , simulation and experimental studies on tillage resistance were carried out under different tillage width
(0.35 m, 0.42 m), depth (0.255 m, 0.305 m) and tillage speed (2.22m s, 2.5m s, 2.78 m - s™'). The
effects of plough structure parameters on tillage resistance were analyzed. The average error between simulation
value and calculation value was 3.37%, the average error between test value and calculation value was 7.18% , and
the average error between test value and simulation value was 3.71%. The plough resistance increased nonlinearly
with the cutting-edge angle. The relationship between tillage resistance and tillage depth was a cubic function. The
relationship between tillage resistance and tillage speed was quadratic function. The relationship between power con-
sumption and tillage speed was a cubic function. A reasonable safety factor was proposed. and then optimized the
matching power and improved the plough and tractor power model of the best match.

Keywords: plough body; tillage resistance; theoretical model ; simulation
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1.plough tip; 2.plough share;

3.plough mold board; 4.plough side plate
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Fig2 Diagram of ploughed soil resistance
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T T . e
B GA B, L FF 398 ) T = A B4 000 ) 2 BURL 2/ s 5 5
MR ZE, 37 FIH Solidworks R A4 22 il — 4Egiy o &Y THALE 030 035 036
PR =R el 3 7755, (0 LR g B 05 42 Y i s
fEBERE AU SR AL ALE RN AL B — i Shear modulus LOIOP 1090 1xof
%, {BEE‘:ﬂﬁﬂ &l 4 B %IE/S kg - m) 1379 1508 1580
%u NS — ensity
BURLSSHOLER 3 R, - HE RS B
F4 %F%%I}Tlrﬁz%r ( y ). Coefficient of recovery 0.22 0.20 0.21
‘ between soil particles
Yo = YeosinB (13) IR R
%U%{ PEFT I,ﬁg IR ( y ) Coefficient of static friction 0.70 0.58 0.67
b between soil particles
5 = YiosinB (14) IRk ) B R AL
Dynamic friction coefficient 0.32 0.28 0.19
F1 TEFUERY between soil particles
Table 1 Coefficient of soil properties JKR 3RHfE/(J - m™) 5.01 8.62 7.05
FRTTTET JKR surface energy
AR e U e A 22 K
Coefficient of ‘ | LERARE RS 039 030 028
soil properites 20° 250 28° 30° Soil plough recovery coefficient
m 2.80 2.70 2.55 2.43 AR
Soil plough static 0.32 0.30 0.30
N, 1.70 1.40 1.25 1.20 friction coefficient
N., 0.90 1.10 1.30 1.40 IR RURSEE SRR
N Lo 150 505 520 Dynamic friction coefficient 0.08 0.06 0.05

of soil plough

AL kA Plough body A AL f&B Plough body B

3 BF=44M
Fig.3 Three dimensional structure of plough body
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Table 3 Plough structure and working state parameters

I WA AIED
Ttem Plough A Plough B
B E Plough tip width y,/m 0.1 0.08
FUHETERE Plough share width y,,/m 0.42 0.47
AT
Working length of plough moldboard I/m 095 1.05
FUMAICE Length of plough side plate x,/m 0.56 0.60
BN Rake angle of plough tip o,/ (°) 25 28
B4 BEHEER FUHEGIFE Rake angle of plough share a,/(°) 25 78
. . . HT) 51z gl T A IS
Fig.4  Plough body simulation model The angle between the cutting edge and the moving di- 43 40
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JETHN =X 10 % RUBE 585l )7 a4 £y
65Mn ’ {El 1%\ H_’,j‘] 0.3 5 @J*% = j‘] 7.9x107Pa s E Average angle between plough moldboard and moving 35 32

ﬂ‘j 7 865 kg cm”? o direction 6/(°)




268 TR A X AR

o540 %

22 RWAHRIET

FR A AR L5 T S bR TARARAS , B 6 20 9 e &
290.35 m 1 0.42 m, #FEE S5 E R 0.255 m FlI
0.305 m, HHEHEEE /%R 2.22 2.5 m - s F12.78
m - s7 12 4 (K 4) , FEAHRCIRAS T 4 )i
7 4)556%1%
2.3 1)‘5E

Luﬂﬁﬁfwﬂ R A AR AR

REED), INE S B, WSS 3 B IF R AR A £+, Bt
YEBH gt 25 48 R = A= AR Ak, T DUE Y Bl ALK
TG T BTk iz Sl b AU T 32 I BH )
FEZRER, AR 58 ek A L35, BEVERE )%
WikaE

HRAE 5 0 25 2R, AT o TR 3% 4 e A
B, 4 545 s BURBEVERR 7 S HFOR Bk 5 ks 1y 22
feiZe, IF 5 BS T H 5 AR 56 (A JE AT R, i
B LR 5, RIESAT DA H AAO + 3 0k 9 48 3
/5 150 AL S

3 HIEHAE

3.1 RWEHEFE

2019 4F 9 A, FEH A I 71 L T AT 5 oK gt
177 B RUAREE B 7305, 07 B4 B b i) 3 7
UL SR AEURE, I T 3Rt S 48k, R AN
W KRR, 0.5 m B2 N B 3 S KR
1617.3% ~40.1% , Hof 0~0.35 m #F)2 T1HEF 4 &
TN 20.6% , BHETE 0.35 m P+ E IR SRR N T
0.37 MPa, 325 1 435 kg - m_3 VR T 18.9
kN - m?, B0 X 4 #2588 B ok A A
fie £ sh 1 R d IR RS 904 if‘ﬂmhm, BH 77 ) 2 >R
FHE T4 A b WL T2 Bk B 53 g A 1 ) B L
L HENSCRER , WE 6 iR,

®4 RBEAR
Table 4 Parameter design of test scheme
Erhe) PEIE y/m B d/m R o/ (m-s7h)
Number  Ploughing width ~ Ploughing depth Tillage speed
1 0.35 0.255 2.22
2 0.35 0.305 2.22
3 0.35 0.255 2.5
4 0.35 0.305 2.5
5 0.35 0.255 2.78
6 0.35 0.305 2.78
7 0.42 0.255 2.22
8 0.42 0.305 2.22
9 0.42 0.255 2.5
10 0.42 0.305 2.5
11 0.42 0.255 2.78
12 0.42 0.305 2.78
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Fig.5 Movement state of soil particles
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1.data collector; 2.upper suspension sensor; 3.lower suspension sensor
Bo MiEt
Fig.6  Field experiment
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Table 5 Ploughed soil resistance value

UK A Plough A

UK B Plough B

HHoe/m B/ m R/ (m - s ; - -
4 ot mo RESD il ot R MRl G W
Ploughing Ploughing Tillage . .. . . . .
Number . Theoretical Simulation Test value Theoretical Simulation Test value
width depth speed
value/kN value/kN /kN value/kN value/kN /kN
1 0.35 0.255 2.22 4.793 4.961 4.696 4.634 4.778 4.81
2 0.35 0.305 2.22 6.38 6.652 6.869 6.048 6.260 6.881
3 0.35 0.255 2.5 5.084 5.151 5.633 4.981 5.130 5.225
4 0.35 0.305 2.5 6.739 6.975 7.337 6.479 6.712 6.997
5 0.35 0.255 2.78 5.411 5.660 5.995 5.371 5.602 5.774
6 0.35 0.305 2.78 7.14 7.433 7.476 6.96 7.301 7.371
7 0.42 0.255 2.22 5.631 5.789 6.158 5.604 5.778 5.951
8 0.42 0.305 2.22 7.432 7.714 7.923 7.257 7.540 7.743
9 0.42 0.255 2.5 5.987 6.292 6.512 6.03 6.350 6.830
10 0.42 0.305 2.5 7.868 8.085 8.311 7.782 8.218 8.366
11 0.42 0.255 2.78 6.384 6.571 6.927 6.507 6.831 7.182
12 0.42 0.305 2.78 8.354 8.498 8.898 8.368 8.821 8.968
10 10 -
Z Z
= =
E A E A
= 7 E 7+
3 y=0.9296x+0.0243 ;75 y=0.9088x—0.4239
= T R=097 = R'=0.98
by « e
= <5 = A
4 1 J 4 1 J
4 7 10 4 7 10
55 {E Test value/kN 55 {E Test value/kN
(a)BL R ATH 54 5 188 B AR R (b)Z AT FLAH 5 1 5% {8 AH 56 14
Correlation between calculated value Correlation between simulation value
and test value of plow body A and test value of plow body A
10~ 10r
Z Z
= =
= E
E A £
3
_: 7+ = 7
2 E
S A y=0.977x—0.0743
o v=0.9006x+0.1735 #m R’=0.97
:;i R*=0.97 ok
= 8
4 1 ) 4 1 J
4 10 10

7
i 45 {5 Test value/kN
(o)ZL B 5 AH 5 1 56 1 A G 1
Correlation between calculated value
and test value of plow body B

7
i 56 f Test value/kN
(d)ELABA ELAH 55 156 4 AH 6

Correlation between simulation value
and test value of plow body B

B7 RGHMERANTEEGEESRBERNEXYE

Fig.7 Correlation between calculated, simulation and test value of ploughed soil resistance
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Table 6 Plough performance

T K RE 4

Determination results

HH of corn field
It
o RiEA RYEB
Plough A Plough B
v E Speed/ (km - h™) 2.78 2.78
TR E MR 5 R A % 176 13
Coefficient of variation of tillage width stability ’ ’
s s
MR EM R RE % 0.89 17

Coefficient of variation of tillage depth stability
A+ R AR Crushing rate of soil/% 88.2 92.5
MW EER (R T) /%
Vegetation coverage ( below surface)

MR (8 em LF) /%

Vegetation coverage ( below 8 cm)

100 100

87 89

M 7.92% T RiR 2N 13.8% , iR 5 17 ELH 1 F
PIRZEN 3.55% , i KiRZEHN 9.9%., LA LIE
BT O B T B I A, IR 25 A B
0 P, DA TTT 36 TE T Y ABE 7R R 8 T [y L ARE R T
G HTRLARBEERE S 2 AT AT

3) RS M T ARG5S B0 BEE B 1 5%
RHBOHMEBA AR T 2% 4087 T 2UABHE
FE1 58k BHR B C R | BURBVERR ) Bl
BESE M K R AR R M K OC & R v i AR b = 22
B T4 1 'ﬁi@iﬁJﬁﬁ;’éﬁlE’Jk/J o BLRBEAERH
T EHFRE SR REOE K OCR, SHFE M 2 R R
BRAR, i‘ﬁ{ﬁll T*”Mi A FIAUR B FEBHER .15,
0.2,0.25.0.3.0.35 m I, BFEHEEL 2.2.5.3.3.5.4

s~ I AUAHBEVE SRR BH DA, 2231 T X ) i
uﬂ MR, 25 T X7 7 B2, o AL R 25 4 e B 1%
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