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Abstract

In this paper, a shallow cultivation III type rotary tillage cutter as the research object, its geometry,
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force and working principle are detailed analyzed. By using SOLIDWORKS software, a three-
dimensional model of agricultural shallow cultivation rotary tillage cutter is successfully build,
and in ANSYS Workbench finite element analysis software, the force of the blade at work is simu-
lated, comprehensive stress and strain and deformation analysis and the rotary tillage cutter model
for topology optimization analysis are carried out, and the results of comparison is given. Through
in-depth study of the results, the following conclusions are drawn: 1) The maximum value of the
total deformation of the rotary tillage cutter is located in the tangent part, that is, the furthest
from the assembly hole. This reveals that the tangent part of the rotary tillage cutter has low stiff-
ness. 2) The maximum stress and strain position is mainly concentrated in the connection of the
handle and the back of the knife, and the actual production of the rotary tillage knife blade frac-
ture position is highly consistent. 3) The topology optimization simulation analysis of the rotary
tillage cutter proved that the stress and deformation can be reduced while the quality of the tool is
reduced, so as to improve the performance and lightweight level of the tool. This verifies the relia-
bility of the finite element analysis in predicting the performance of the rotary tillage cutter, and
also provides a reference for the structural optimization of the rotary tillage cutter in the future.

Keywords

Rotary Tiller, ANSYS Workbench, Finite Element Analysis, Topology Optimization

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

TERLAE A A = R R A Bk 1 B 4%, o SHER L A TAE, SERCT #tfn. B Hm BRI AE
o fEXR—HUMAR R, e AR B S B R o, @& s, T ALK R
RE I RN 3 P HE e A, BRI ZE AV SR ) T T2 L [1]o AR, Gl I DI b 3R LR AR 2E,
TEHEHLAR A J5 BB R E L SR AL T BRAR AN IR 264 FERERT I I TRV 7 T, AR B85 A7 AE W )R
PR, T B AR R TSR, R SR RN R e A SR SR R AR R Rk AR . AR, X PR
SERIE T N Z R R, SEUI RS T, LB MR S A . TRIEE BT
AR, T BAESEERBHE P28 5 R AR AT I S Wbt gk i s e B A e R ML IR 1847 [2] -

WER ) IS5 S 80 e OB TAEBCR M E N R, © 5PN L 8C0R] . V) - IR R
FHOG, DRIURAEE AL, VR 20 50 N SR RERT J0 (0 JLART 45 44 2 2 DA K 5 U0 D FE AR SG ) 1) BUgEAT TR N
WFIT o TEX TG T, — LA 500 77 Rt 0 R A e T Ve R AR Ak B2 it 1A i 9B B4 4l . Hendrick A1 Gill
Wt EYI 7], ) 70 e et AR VI AR AT R AN B R E D) 7T, X R R T REREHLI TR
[FF 3 T 243 . Rosetal W78 e 7] JUR 45 i S HO0 BAR DA R 5o, Wik el J) el - R 4,
I ERGENMRAC BT AR AR . Isl I H AERIS XS BELIIShREEAT 1 0 #r, 3 TRk I A
(A28 ST X LR AR KRS . SRMIRI 2RI UG B0 BN ) LIt 124 e, G N F14)
ATTEGLREAT T 15 E A i3]

ANSYS Workbench 7£4 B 7o 577 T B A W35 I35 o 4 18 s i P IR0 07 SRR B A6 15 - gl 5
R FA AT G5 R LA AT o E e B [ FE P ST T DA A S RS O A, i e e At
KAk, PG SRR AS HEAT SRR . A, ANSYS Workbench i H 4 32 5 B AL BRAN 5 AL R T B, 3

DOI: 10.12677/m0s.2024.132133 1415 e RSE TR


https://doi.org/10.12677/mos.2024.132133
http://creativecommons.org/licenses/by/4.0/

i U

FUREBGIRN TR OT AR, B S HA B L AR B0t 7 i PR RE o L R AR SR AR B30 A0 e R 1 55
PERERA IR 7 HERE TSR 0T L AE R, T RENS SE DU . SRS AT ™ Wb e AL Ak [4]

AICHI ] SOLIDWORKS i FAHT 11 B H B HEBE VI EAT = 4ESCARERBE, X H U 454 5 %2 )01
OUHEAT T 70 #r, HIR, £ ANSY'S Workbench P35 I et TR BEAT A IR T/ A BN ) L REAR
AL, FEECRERE JTBEAT AN b, R B AT Ja R 45 R, IER ) BT A RN ) 5 38T
BTN RN JREIL 30%, XHRERE ]I it dud 5 R B A TR SRR

2. REMTINGMSZ O

[ SR HE(GBIT 5669-2017) % gk JI R 2. Vu Fl K RSTA BI e, ARE A T g, ek T mT By
FEHATKERBAER | BUER T, FERH T /K HSAESE HEEALE 1 BYRER IR 2R T3 B 1
RUGERET) =Fp RS [5], A SCHTIE A A B DN 2R B EL i 1 AR )T, 2 DI m (1Y 7T)
DY (00 70) Rk B2 i (e 2 70) 2R, an b 1 B

Figure 1. Structural diagram of rotary tiller
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Figure 2. Rotary tiller force diagram
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Figure 3. 3D model of rotary tiller
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Figure 4. Rotary tiller meshing
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Figure 5. Rotary tiller boundary conditions are imposed
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Figure 6. Deformation analysis results
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Figure 8. Strain analysis results
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Figure 9. Optimized topology density
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Figure 10. Rotary tiller reconstruction model
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Figure 11. Reconstruct the mesh density and boundary conditions of the model

11. EIEAR MR E RN R &0

DOI: 10.12677/mos.2024.132133 1421

B A


https://doi.org/10.12677/mos.2024.132133

i U

NEHESR ML 5 SR AT RE M, e ) S AR R B G AT ER 02 b, IS N TRLRE PR A 5 R R
DR FEAFBAT R, Wl 11, SRAEE ISR ). RARFIAS 45 5 L1 12, 4] 13,

C: BSHEI8 BME

2 '
KR QA
BT mm
B8 3 s
2024/1/18 16:12

1.5311 &k
13609
1.1908
1.0207
0.85059
0.68047
0.51036
0.34024
0.17012

0 i

Figure 12. Reconstruct the results of the model
deformation analysis
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Figure 13. Reconstruct the stress and strain analysis results of the model
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