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Effect of Structural Parameters of Plow Body Surface on Tillage Resistance "
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Abstract In response to the problems of high tillage resistance, high energy consumption and poor till-
age performance during high-speed operation of the plow in China, this paper investigates the structural
parameters of the high-speed plow body surface on tillage resistance. First, the formation process of
high-speed plow body surface based on the horizontal straight element line method is analyzed, and the
structural parameters that have a great influence on the operational performance of high-speed plow body
surface are derived. Then, based on the discrete element method, a dual soil layer structure containing a
tillage layer and a plow base layer is established, and the soil properties and the interaction between the
plow surface and the soil are characterized by suitable contact relations and contact parameters, and then
a high-speed plow surface-soil interaction model is established. The rationality of the high-speed plow
body surface-soil interaction model is demonstrated through soil flume tests and simulations of plowing
operations. Finally, the influence of structural parameters such as share edge angle @, guide curve open-

ing [, plowshare mounting angle € and height deviation amount AH on tillage resistance are studied re-
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spectively. The results show that the tillage resistance increases at a faster rate as the angle of the share

blade increase; as the opening of the guide curve increases, the tillage resistance decreases gradually; as

the ploughshare mounting angle increases, the tillage resistance fluctuates within a small range; the till-

age resistance increases slowly as the height deviation increases. The results of this paper can provide a

significant reference for the structural optimization design of high-speed plow surfaces.

Key words high-speed plow surface,

od, tillage resistance
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Table 1 Parameters of high speed plow surface-soil
interaction model

Numerical

Parameters

value

Density/ (kg m~ %)

Tillage layer / Plow bottom 2500/2650

layer /65Mn /7850
Poisson’ s ratio/(Pa) Soil/65Mn 0.25/0. 35
Soil particle/ Bond key 8/8.8
Radius/(mm) Tillage layer-tillage layer 0.6
Tillage layer soil -65Mn 0.4
Plow bottom layer-plow 0.6
bottom layer
Recovery coefficient  Plow bottom layer-65Mn 0.4
Tillage layer-tillage layer 0.33
Tillage layer soil -65Mn 0.3
Plow bottom layer-plow 0.35
N bottom layer
Static frict
? lif.r?c 1lon Plow bottom layer-65Mn 0.425
icien
coetiaie Tillage layer-tillage layer 0. 14
Tillage layer soil -65Mn 0.2
e Plow bottom layer-plow 0.21
Dynamic friction
oefficient bottom layer
coethicien Plow bottom layer-65Mn 0.2
Bond stiffness/(N.m %) Bond key 5X10°
Critical stress/(Mpa) Bond key 0.33
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Fig.12 Experimental tillage resistance at different tillage speeds
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Fig.13 Three plowshares plow surface-soil interaction model
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Fig.14 Simulated tillage resistance at different tillage speeds

XFHCE 12 R 14 BTN, BE & AR 3Ok, AL
FA% ity T R BHL D #0 S B R  a H ( B0 R
6 2% B 0T 7 1) P X B AR BEL 7 R R iR 22 {E
2 iR, Horp S B HEE B T o AR E AR IR S B
BEL 3 B 3448, AR R 2206 0 f Bl e 5 1 Al il 56 7
BIBRERE ) B 2506 5 - R g0 - 35 BH T 9 LA

2 2 AT TR R TR A X35 22 18 43 il
H6.59%.6.75%.7. 7% , REHTE 8% LI, Bk

T AR G B

x2 FERRSTEKKFHESD
Table 2
experiment and soil tank experiment

Average resistance of simulation

Tillage speed /(m-s~ ") 2.0 2.2 2.4
Simulation results /N 1632. 3 2115.3 2673.6
Experiment results /N 1531.5 1981.5 2482.5

Relative error 6.59%  6.75% 7.1%
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Fig. 15 Influence of share edge angle 0 on average

tillage resistance
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Fig. 16 Influence of lead curve opening [ on average

tillage resistance
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Fig. 18 Influence of height deviation AH on average

tillage resistance
4 ik

(D43 B 1 /K F H o0 4 2L it 1 i 08
AR T K e AL gt T 1 R e AR 1Y 4
WESEORHETIfA 0 I ERIT R [ B e
B 2% 5 AH.

(2) 4381 T ALHHVE o 2 v A 38 U 1) % kT
K Z TGO, T T A UKL A 2 fk ) R 22 fi
BHLJ T4 fish 7 iy 3k XL JF N7 1 1 S ANURL (1Y 32 3
TCo 5 A8 5 30 3k A UK ] 8 I0OKG 25 D) B0 T - Y
K25 ReE P HE S TR S5 Iy RA = 2 T B #oT
5 FLER A 3 A A Y % - 48 PR R 2 Ok

TSSO LA HE ST RE R AR R M B AL
F R L5 IS AT R R S 0 o AL A i T
HENL T e R AL T — AR AR, L T R
TIE—HLEE — Y RFEREA LG EE T ARBHE
RS0 B s B 7 NI 1 LTV N S R s R i .
WE LB T O B 0y S B

(3) e T4 £ 0% reg o AL A4 i BT — b AR, A
*Tﬂwﬁﬁ S S HOS B 22 i AH S il &OF
FE LR AR e JHETI S O KEREVEBH 5 04 52w B
.4 %%%?ﬂﬁﬂWHE%%@mﬁmE%

ISR R AT B T L AT BE R/ B #E ) s £ BT
T ZRTT BE R N 27 T AR R PR RE Y AT ER R LR
] RE £ B R 3 it L TT BE 5 7R BT B 22 2 A )
IO e P R 1) 42 2 A 5 TRV AL it T g Bl 22 ek
IR, 99— 2 Y AR TR AR B9 B4R T, NS ) RE ik
PN o JE i 2%

Z % X #

(1] BRGUE . ZEdRTe. - R & Thr B0 % 18 B 8 AL 4
i L], AR, 2000, 31(1): 38—41,
SHENG J H, LI Z Y. Design of plow bottom sur-
face by turning over method [J]. Transactions of
the Chinese Society of Agricultural Machinery,
2000, 31(1): 38—41. (in Chinese)

(2] #h—i. m B IR TR R PR ). BT
AV U 2 Be 2247 . 1981, 2(2): 61—73.

(3] MX¥., E, WAER, 5. s 5 m Ak

TP B2 WL, TR R 224, 2000, 28
(5): 105—108.
YANG W C, YANG Q. XING X D, et al. A new
method of optimal design for high speed plough sur-
face [J]. The Journal of Northwest Agricultural U-
niversity, 2000, 28(5): 105—108. (in Chinese)

(4] ®ukoul, E4Rr. o o AL il o v R o A B £
SRMERELT]. RHLDITE, 2005, 27(3): 117—
118.

(5]  ffukss. B, B EM. AL i & #oo iy 21k
5 5 ZHAT]. RIS . 2019, 41(12): 1
—193+257.

HE Y Q. HE J L, YANG Z M. Discrete element
simulation and parameter optimization of plow sur-
face [J7. Journal of Agricultural Mechanization Re-
search, 2019, 41(12): 189 — 193 + 257. (in Chi-

ne<e)

0 5

(6] RAEE. BRA, Kaf. B4Rk
VLI T BE 3R CHRFHE MO . 1983, 4(4): 37—
44,
WU SC, LUO Y C. ZHU J H. Optimum design of
plow bottom moldboard [J]. Journal of Jiangsu U-
niversity (Natural Science Edition), 1983, 4(4): 37
—44. (in Chinese)

(7] skaE. BETHTIL RS RS F# Rt 5
WrsE[D]. BIHLIR . B HAK ¥, 2014,
ZHANG J G. The plough test reserch of strength



96

8 %

5 &

2024 45 22 4

E

(8]

[9]

(10]

[11]

performance based on digital soilbin system [D].
Ala’er: Tarim University, 2014. (in Chinese)
ABO-ELNOR M, HAMILTON R, BOYLE J T.
Simulation of soil-blade interaction for sandy soil u-
sing advanced 3D finite element analysis [J]. Soil
and Tillage Research, 2004, 75(1): 61—73.
WA, EAER, XIERA. KT E T AR
=St (1], RHLEDFTE. 2007, 29(12)
89—91-+94.

ZHAO Y M, WANG W X. LIU J Q. On three-di-
mensional parametric design of horizontal straight
generatrix plough body surface [J]. Journal of Agri-
cultural Mechanization Research, 2007, 29(12). 89
—91+94. (in Chinese)

WOEME, BT, RIPKAL. AF. e AL ALK il T 2
A BT AR [T ). 3 01 2 S8l 2= 4
2022, 20(6): 10—23.

DAI P K, ZHAO X Y, SI B Q, et al. High-speed
plow body surface structure normalized design and
modal analy [J]. Journal of Dynamics and Control,
2022, 20(6): 10—23. (in Chinese)

ARk, EBL, RiE AR, SEEMEE R RIS R
G R SEEDELT] 3 S E e,

[12]

[13]

2017, 15(2) . 172—177.

ZHU L, WANG Q, ZHANG R S. Modelling and
simulation of the non-smooth vibration systems with
friction dampers [J]. Journal of Dynamics and Con-
trol, 2017, 15(2): 172—177. (in Chinese)

AL, AmaE, ks, . ST B RUOT IR T A
BT 2 1 JT A F S L], AR AL 2 3
2016, 47(9): 62—72.

ZHENG K., HE J, LI H W, et al. Research on
polyline soil-breaking blade subsoiler based on sub-
soiling soil model using discrete element method
[J]. Transactions of the Chinese Society for Agri-
cultural Machinery, 2016, 47(9): 62—72. (in Chi-
nese)

X4, FhEM, 23, & AT R 54
FIBE Ty IR AR T S5 S Bk [T, Rl HUR A 3
2017, 48(2): 60—67.

LIUJ A, WANG X Y, LI H W, et al. Optimiza-
tion of structural parameters of subsoiler based on
soil disturbance and traction resistance [ J]. Trans-
actions of the Chinese Society for Agricultural Ma-
chinery, 2017, 48(2): 60—67. (in Chinese)



