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Optimization of the angle of artichoke harvester’s second-order

flat shovel based on mathematica

LI Jin-chuan', ZHENG Yi-min?, SHANG Xin', MU Song', SHI Xin-peng'
(1. College of Mechanical Engineering , Ningxia University, Yinchuan, Ningxia 750021, China;

2. Service Center of Career and Employment Guidance , Ningxia University , Yinchuan, Ningxia 750021, China)

Abstract: In order to further improve Chinese artichoke harvester’ s second-order flat shovel, a multi-objective opti-

mization model of second-order flat shovel was established. A soil breaking model and a resistance model of digging shov-

el were introduced in this model. With the help of the concept of virtual angle and Mathematica, the model was estab-

lished with the first-order plane angle being 20.44°, the second-order plane angle being 43.64°, the first-order plane

height being 0.12 m, and the virtual plane angle being 30.53°. This theoretically digging shovel model had the minimum

force and the maximal effective soil shear. Comparison and analysis of the two second-order shovel from the perspective of

theory and software simulation were made. The results showed that the shovel length, digging resistance, the maximum

deformation, and stain of optimized digging shovel were decreasing, which indicated this optimal design was satisfactory .

This optimal model provided a theoretical support and enlightenment for the design of digging shovel with high soil-break-

ing ability.

Keywords: artichoke harvester; second order flat shovel ; angle ; multi-objective optimal design; strain analysis
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Table 1 The initial calculating parameters
Esiesi Eidins SRR SRR Hp
Parameter types Symbols Parameters Reference value Units
4 FHEAH Soil bulk density 1550 kg m™?
c T+ 3N R ST FEEL Soil cohesion factor 15000 Nem~?2
FaESH C, - HERE 1 %L Soil adhesion factor 15306 Nem~?
Soil values 7 3N EEHR B Coefficient of soil internal friction 0.49
41 SRR EEE L Coefficient of friction between soil and plane 0.5
12 + 3SR IREEE AL Coefficient of friction between soil and tire 0.1
RATTE A A2 b IR IE 5 The width of digging plane 0.28 m
Structural parameters
of flat shovel h 5 TH 5 B The height of digging plane 0.3 m
FERIRE Digging depth 0.15 m
TAESH B R RALAI A The obliquity of front failure plane 34
Working parameters my a5 FLHLAY Fe/)Mef BB Minimum use quality of tractor 1900 kg
Vg R TAF Working speed of plane 0.52 mes!
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Table 2 The comparison of the second-order shovel’s sectional geometric parameters before and after optimization

PALRTZHI N

RiAEE~ ONAN

e i SRS SR
SR <§&1T? Reference value before Reference value after /y&iﬁﬁL
Parameter names Symbols L . Units
optimization optimzation
H7TAE 5 B Total height of the plane h 300 300 mm
7T EK Total length of the plane Ly 730 590.58 mm
JEPLF B The virtual plane angle ) 24 30.53
— MW The first-order plane angle a; 5 20.44
MW The second-order plane angle a, 30 43.64
— =TI = B The first-order plane height hy 15 120 mm
®3 MUBIERMUTFEZNERE
Table 3 The contrastive results of virtual plane stress before and after optimization
o HE A A A7 THT THT R FZ48 RIS 12 [ 37 FE#E ] {iE<w]
Fmp A Virtual Plane are: Digging resi Normal load Fricti Adhesi
Plane type 1rtu angle ane area 1gging resistance ormal loac riction esion
’ /(°) /m’ W/N No/N Fi/N F./N
AL T Before optimization 24 0.19 3884 1372 586 2956
HiEAbJ5 After optimization 30.53 0.08 2652 1685 842 1243
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Table 4 The condition of plane stress before and after the optimization
- . = T A0 1 T AR v 7 n Y2 + HEff
e AL PFELT% s}: | Di fﬁﬁmﬁ ~ 1\{1{; rﬂalﬁlﬁd Ffj? ij S 'fwddh%jj
Plane type Pla_]’le Ol‘der ane oj lqulty ovel area lgg]ng resistance OI'TY): 0al ricton f 011 aanesion
/(°) /m? W/N No/N /N F,/N
AR —Wr First-order 5.00 0.04 2161 2656 1328 609
Before optimization K Second-order 30.00 0.16 3669 1673 836 2435
ALE —t First-order 20.44 0.08 2422 1491 745 1284
After optimization K Second-order 43.64 0.07 3106 2178 1089 1126
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Table 5 The contrastive results of finite element analysis

AETE 53 HT Deformation analysis I J1453HT Stress analysis R AR ST Strain analysis
LS BAEGE RUVERE KR RN PN EYNE
Plane type Maximum Minimum Maximum Minimum Maximum Minimum
deformation/mm deformation/mm stress/Pa stress/Pa strain strain
HEALRT Before optimization 1.51x 1072 0 1.27x 107 7.09x 10* 6.35x 1077 6.86x 1077
MALIG After optimization 5.26x 1073 0 3.56 % 10° 1.16 x 10° 1.8x 1073 1.22x10°¢
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