NERLHR IS

W& Na27 (2003 - 2004)

FEM fEMTIZ X A FEEI N v N Ofxidiks
(%E—# #NT v b oBRAL)

HN FHET -

W

A A

L RER B

Optimum Design of Circular-Digging Bucket by FEM
(Partl Light-Weighting Design of Main-Bucket)

Hidenobu IGAWA, Shin-ichi NISHIDA and Nobusuke HATTORI

Abstract:
In this analysis, an optimum design has been applied to a circular digging bucket which mainly consists

of a main-bucket and a sub-bucket and is attached to the top part of a construction machine to decrease the

thickness of plates using the finite element method (FEM). We have tried to decrease the weight of the main-
bucket as much as possible while retaining its reliability. The expected weight reduction ratio is 24.8% while

retaining sufficient strength and rigidity in the main-bucket.
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Fig. 1 General view and dimensions of bucket

Table 1 Material used

it ‘oF Hataial Yield strength Tensile strength | Allowable stress
ov [MPa] o [MPa] 0. [MPa]
Present material SMb570 450 570 255
High tension material HT700 590 700 315
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Fig. 2A° Number and parts name of main-bucket
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Fig. 2B Number and parts name of main-bucket
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Fig. 3 Loads and boundary conditions of main-bucket
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Table 2 Number and thickness of main-bucket parts
s e Thickness of plate [mm]
Base model Case 1 Case 2 Case 3 Case 4
® Side plate 16 115 11.5 9 9
@ Back plate 9 6.5 6.5 6 6
® Sole plate A 16 115 16 16 16
@ Sole plate B 9 6.5 9 10 10
® Sole plate C 9 6.5 6.5 5 5
® Supported plate A 19 13 13 13 13
@ Reinforcement A 12 8.5 8.5 6 6
Reinforcement B 12 8.5 8.5 8 8
© Reinforcement C 19 13 13 13 13
0 Reinforcement D 19 13 13 13 13
an " Supported plate B 19 13 13 13 13
@ Rotation bord A 16 115 115 11 16
® Rotation bord B 16 11.5 115 11 16
Reinforcement rim A 6 9 9 ‘
® Reinforcement rim B 12 12 212
© Additional reinforcement A 13 13 13
D) Additional reinforcement B 13 13 13
Expected weight reduction ratio [%] 0 28.8 24.2 29.9 24.8

*The material of HT700 should be used in the shadow area.
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Fig. 4A  Shape and dimension of rein-
forcement rim
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Fig. 5A  Analytical result of main-bucket Fig. 5B Analytical result of main-bucket
(Von Mises stress, inside, Base model, W,) (Von Mises stress, outside, Base model, W)

Table 3 Maximum values of Von Mises stress (Unit [MPa])

Load Part Base model Case 1 Case 2 Case 3 Case 4
A 189 345 276 300 256
B 388 674 342 340 308

W, C 288 499 265 268 226
D 344 536 314 314 293
E 228 382 267 310 239
A 201 335 280 310 303
B’ 459 789 366 366 357

W: C 330 575 314 317 285
D’ 356 556 325 327 302
E’ 233 385 280 288 264

Rotation part 43 Board A

Feineigal Strens Laper © Magor

Fig. 6A  Analytical result of main-bucket Fig. 6B  Analytical result of supported plates and rota-
(Major principal stress, Case 3, W) tion boards
(Major principal stress, Case 3, W)
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Table 4 Maximum and minimum values of bending stress (Unit [MPa])

Load Part Base model Case 1 Case 2 Case 3 Case 4
2 437 851 379 364 365
—424 —861 —361 —347 —350
5 167 940 195 451 435
—491 —976 ~516 —463 —448
304 595 401 373 353
Wi g —203 —131 —94) —917 ~215
336 533 149 470 329
@Board A| - _ o0 —524 —448 —469 —324
168 324 263 276 165
B
WEEB —217 —251 —259 —177
A 0 0 0 0 0
—31 —40 —33 ~32 =50
. 152 259 237 235 203
0 142 247 217 209 177
‘ D 401 715 704 737 477
—329 —569 —582 —614 —390
197 334 268 260 169
®Board B|  _ . —307 —274 — 288 —230

Upper part: Maximum value of bending stress
Lower part: Minimum value of bending stress
ref. Fig. 6A and Fig. 6B

ORIEARF Lz, F72, TS ORI ORI IRV
72 P ORIMESET L2728, Sole plate (@) @
WE%10 [mm], Reinforcement rim (#Pih@) DRI %
9 [mm] & L7z, Case 3 DEEHTDINHIL, Case 2 D
SR EIIZACE R Y, Case 3 DERIKRIZIL, Case 2
D242 [%] #5299 [%] Lotz

Base model % (X U Case 1~3 d34 v FNIZIEK
EhMTE—A Y P EZTBETFD Y, M O LR
OIS 2R LEDDH 5D,

Fig. 6A, 6B (X, Case 3 O/ v FEREOEILTH
Major DG AR LIzbDTHbH, FFDA, B, CH
TN E— 2 ¥ PASRE (A Y, IBJIORIKEHTAS
WoNb, Table 4 1, Fig. 6A, 6B 2R L7Z A, B, C
$ LU Board A, B DG OIK - b % B INTIST)
ERLELDTHE,

Fig. 6A, 6B IZ7R L7Azifsrid, N7y FATHIFICK
EMITE-—AY P 2R TWVDH, Table 4 IZ7RT &5
2SO MG 1, Base model, Case 1~3 DWW
NOHE S HE SM570L HTT00O 4 e %8 2, il
TIGAAN Ty D OEEIZEERT A, 22T, Thb0
#BAN I HTTO0D M & fEFT L, £ 1 b OMIFIGTI 5%

9 p5ea0st

V mm]

1.020ee021

Fig. 7 Analytical result of main-bucket
(Displacements v, Case 4, W)
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Table 5 Analytical values of displacement (Unit [mm])

Load | Location Direction Base model Case 1 Case 2 Case 3 Case 4
u 2.6 4.2 3.8 4.1 38

A v —-9.38 —16.1 —14.4 —15.3 —124

i 5 u 276 70.1 317 31.8 316
v —30.6 —71.1 —37.6 —38.3 —35.3

u 34 5.1 4.8 5.4 5.2

4 v —14 —22.6 —20.5 —22.1 —18.7

W, B u 2.9 4.6 4.1 45 4.2
’ v —9.8 —16.1 —14.4 —15.3 —124
- u 2 34 29 29 2.6

v —5.6 —9.6 —84 —85 —6.2

ref. Fig. 6A and Fig. 6B
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