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Optimized Design of Plough Body Structural and Working Parameters

Zhai Lixin' Ji Changying" Ding Qishuo® Yu Yinmei’
(1. Faculty of Mechanical and Electrical Engineering, Jinling Institute of Technology, Nanjing 211169, China
2. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; Plowing in rheological soil is a unique tillage practice in humid or water logged agricultural
production regions in China. System optimization of moldboard plough for rheological soil condition is
necessary for improving its performance and providing a reduced draft and minimized energy
consumption. An orthogonal test using four factors with three levels was conducted to optimize plough
body structural and working parameters. Significant influence of tillage depth on the plough’ s
performance was observed in the experiment. The optimum working condition occurred at a forwarding
speed of 0.8 m/s and a tillage depth of 20 ¢cm. This result was further evaluated and optimized with
computer simulation, from which the structural parameters such as pushing angle, cutting angle, covering
angle and height of plow were optimized. The simulation results proved that tilling rheological soil with a
plow having a cutting angle of 35°, pushing angle of 90° and plow height of 200 mm provided the
minimum specific draft of tillage, which was 0. 69 N/cm’.
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Fig.1 Burgers model of paddy soil
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Tab.1 Mechanical parameters of soil
K R B {1053 P w3 TSR
/% /kgem™? /kPa Bfa/(°) i E,/N-em™®  7,/Nescem™  E,/Neem™  7,/N-s-cm ™2
30 1032 10. 32 10. 08 29.325 29.96 5405.0 50. 640 306. 80
32 987 9.27 9.54 27.421 26. 96 4111.0 26.010 25.24
34 954 8.31 9.22 28.927 16. 85 156.7 2.496 19.99
x2 RBEERKFE
Tab.2 Levels and factors in experiment
KT Ak A HHE B ik C TR AESHD
/em /mes”! EI/N'(:lrn’2 ’r]l/N~s'cnf2 E'Z/N-cm’2 ’r]z/N's'cm’2
KA 10 0.67 29.96 5405.0 50. 640 306. 80
2 A 15 0.8 26. 96 4111.0 26.010 25.24
3 INEL 20 1 16. 85 156.7 2.496 19.99
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Tab.3 Designing and testing results of tillage draft

R B BHE  BfERERL e

Eikes BLA/N  H55/N /%
1 1 1 1 1 558 512 8.98
2 1 2 2 2 759 727 4.4
3 1 3 3 3 869 826 5.21
4 2 1 23 624 586 6. 48
5 2 2 3 1 877 829 5.79
6 2 3 1 2 914 853 7.15
7 3 1 3 2 512 467 9. 64
8 3002 1 3 697 635 9.76
9 303 2 1 747 703 5.83
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Fig.2 Geometry model of soil — plough
TEA P S H T LURHE KORAE SR AL BE ) 48
bro FERH KRS  BURS BORBE S5 N R 10
LR R, HE SCH

_
-5 (3)

A p—— WP RIS A5 T, N
SRR, cm

P2 3 Hr A HEAERH 750 8 5 40 o HE R -t
F107 225007, 5 - W3 4 PR,
2.3 KEERS

H 4 nT L R E Wy A BLA.C.D, 4L
HEHRAB,C,D, BV 1 SRURMERFE 3 5 L5 I,
HAEHE R 0.8 m/s, HEHEAR N 20 em B FFAE Eb BH by 5
N, FEBEAFEE R 90% B BV VR BE X AL AR B L RH
AR FATE

3 BEGTIERNEEFHSEXRYFEE

RURLEAE MDAt B v, BRI 3 A 52 B
FEr AT DU A 0 AR A IR B BT AE R
YEFRAE AN Trb R A5 L E B PR ] DA A AR i
it DABAR 8 NV ERH 7, 1548 BEAFERICR
3.1 HEREBSH

M1 3 i 0] LAAS B o3 B 45 SR AL a6 25
IR ZEIITE 10% L, ILiR 2258 2 0] DU, Ui
BAEA MR AT, PR, AT RLSR AR (A 8L 5 A
XIRURM S SEE AL, SRR 4 8T i i
K25 5L BN AR BLAAR 1 B3k 0.8 m/s, HETR
20 emfi}, Ll 3 S BN Pro/E A, LLBFER) 22 5]
S ASE: (= AN D e = vl £ o R D WS L N =
JEE SRR R S B AS [R) 45 4 2 8500 AL AR B B BR
F1o BRI R 3 A, MR 56 R K
PEHL L, (3*) IE 2 RAE ARG T 53R, BIFEK

alj
B, —A AR Y, cm PN 5 R B E ST AR AR 6 FR
x4 RELERS
Tab.4 Results analysis of experiment
i = FEBH/N - em —2 - i
HRARS A B ¢ b PrrT TP
1 1 1 1 1 3.10 2.84 8.98
2 1 2 2 2 2.20 2.11 4.40
3 1 3 3 3 1.09 1.03 5.21
4 2 1 2 3 2.71 2.55 6.48
5 2 2 3 1 2.54 2.40 5.79
6 2 3 1 2 1.99 1.85 7.15
7 3 1 3 2 4.27 3.89 9.64
8 3 2 1 3 3.10 2.82 9.76
9 3 3 2 1 1.62 1.53 6.26
K, 6.39 10. 08 8. 18 7.27
K, 7.24 7.84 6.54 8.45
K, 8.99 4.70 7.89 6. 90
k, 2.13 3.36 2.73 2.42
ky 2.41 2.61 2.18 2.82
ks 3.00 1.57 2.63 2.30
W2 R 0.87 1.79 0.55 0.52
FSEERINEz BA.C.D
K- A, Bs G, Ds
LA A,B;C,Ds
PIZEF IS, 1.17 4. 87 0.516 0. 441
A f, 2 2 2 2
¥ 0.59 2.44 0.26 0.22
Fi Lt 2.66 11.05 1.17
Il FAE Fy,(2,2) =9
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Tab.5 Levels of four factors

7K K%

o Mt fes(0) BIM() BASg/(°) BUKEEE h/mm
1 90. 0 35.0 75.0 240

2 82.5 32.5 65.0 220

3 75.0 30.0 55.0 200
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Tab.6 Numerical simulation and results analysis

s &k ¢ PHFELIL

/N-cm =2
1 1 1 1 1 0.91
2 1 2 2 2 0. 85
3 1 3 3 3 0. 81
4 2 1 2 3 0.74
5 2 2 3 1 0.93
6 2 3 1 2 0. 88
7 3 1 3 2 0. 86
8 3 2 1 3 0.77
9 3 3 2 1 0.94

K, 2.57 2.51 2.57 2.79

K, 2.85 2.55 2.53 2.59
K, 2.88  2.64 2.60 2.32
ky 0.86  0.84 0. 86 0.93
ks 0.95 0.85 0.84 0.86
ks 0.96 0.88 0.87 0.77
2% R, 0.11 0.041  0.025 0. 16
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