AR THIERFEHE  No27 (2003 - 2004)

FEM BATIC & B Hell /N v N Oz #EakET
(I T\ v OBEEAL)

ol

FES - WH H— R EHh

Optimum Design of Circular-Digging Bucket by FEM
(Part2 Light-Weighting Design of Sub-Bucket)

Hidenobu IGAWA, Shin-ichi NISHIDA and Nobusuke HATTORI

Abstract:
In general, the demand for light weight design for various kinds of construction-machine parts in order to

save energy and reduce costs.

In this research, the authors have tried to decrease the weight of the sub-bucket

as much as possible while keeping its reliability. The expected weight reduction ratio is 26.4% while retaining

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

Table 1 Material used

Kind of material

Yield strength

Tensile strength

Allowable stress

oy [MPa] as [MPa] 0. [MPa]
Present material SM570 450 570 255
High tension material HT700 590 700 315
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Table 2 Number and thickness of sub-bucket parts

- it Thickness of plate [mm]

Base model Case 1 Case 2 Case 3 Case 4
@ Side plate 16 115 10 9 9
@ Back plate 9 6.5 6 6 6
® Sole plate A 16 11.5 14 14 16
@ Sole plate B 9 6.5
® Sole plate: C 9 6.5 5 5 5
® Supported plate A 19 13 13 13 13
@ Supported plate B 19 13 13 13 13
® Reinforcement A 12 8.5 8 7 7
O] Reinforcement B 12 12 |
0 Reinforcement rim A 10 8 8 }
0] Reinforcement rim B 6
Expected weight reduction ratio [%] 0 285 279 284 26.4

*The material of HT700 should be used in the shadow area.

Subbucket
(' y sripped s (G2)
Regid bod, Gripped point

Main-bucket
275[kN]

! Gripped points (G1)
1% Gripped foree

Fig. 4 Gripping conditions by bucket Fig.5 Gripping points G, and G
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Fig. 6A  Analytical result of sub-bucket Fig. 6B  Analytical result of sub-bucket
(Von Mises stress, inside, Case 4, G,) (Von Mises stress, outside, Case 4, G))

Table 4 Maximum values of Von Mises stress

Von Mises stress [MPa]
0 [°] Part Base model Case 1 Case 2 Case 3 Case 4

G, G: G, G: G G: G G: G, G:

A 72 101 111 156 124 172 124 172 87 147

0 B 135 152 198 214 202 219 201 219 153 169
G 235 387 352 586 212 337 161 212 149 195

A 121 167 197 258 210 284 210 284 148 241

60 B 209 218 309 329 317 345 293 345 241 267
C 382 628 573 953 345 548 262 346 243 308

ref. Fig. 6A and Fig. 6B

[mm]
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Fig. 7 Analytical result of sub-bucket Fig. 8 Analytical result of sub-bucket
(Major principal stress, Case 4, G)) (Displacement v, Case 4, Gi)



ANERTHREFTTEHE  No27 (2003 - 2004)

Table 5 Maximum and minimum values of bending stress (0 =60 [°])

. Base model Case 1 Case 2 Case 3 Case 4
i [MPa] [MPa) [MPa] [MPa] [MPa]

" 443 827 406 414 334

—448 —837 —418 —427 —350

Gy B 214 429 299 298 233
—187 —389 —262 —262 —194

& 461 757 411 215 212

344 578 318 169 155

N 21 18 17 17 18

Gy —32 —34 —36 =37 —36
642 973 562 284 259

. 581 899 518 232 202

Upper part: Maximum value of bending stress
Lower part: Minimum value of bending stress

ref. Fig. 7
Table 6 Analytical values of displacement (4 =60 ["], Unit [mm])
Grip | Location Direction Base model Case 1 Case 2 Case 3 Casc 4
i u 1.3 19 1°5 15 1.6
G v =20 —54.1 —27.6 —28.2 —21.7
. u 13.2 33.2 17.6 17.9 14.1
v 0 0 0 0 0
u 2.2 3.3 2.7 2.4 2.3
A v 0 0 0 0 0
Ge B u L5 2.1 1.8 1.8 1.8
’ v -5 -7.2 — 7.2 —6.7 —6.5
o u 0.7 0.9 1 1 1
v —9.3 —135 —134 —129 —12.6
ref. Fig. 8

R L a@o i d iz, a0 % Base
model DML EF U16 [mm] 12§52 & TF Ny b
ERDFMISH Z RN TICT A LA TE L,

Kz, F230 POMFIEIIE2WTRET 5,

Fig. 71, G DM TRAZSEOTF N v b OFifi
DEIGSI Major DFATERLIZbDTH D, AP D A,
B, COMATHMIFE—2 2 FHPRELRD, IO
KEFTHROND,

Table 5 i, A, B, C&EIOWIHTHRA - fiehe %
AMNFIENERLIZbDTH D, Case 4 1&, A DEH
RTINS AFEIRNUT THD, G DRLHET
HAZEED A ORKINTIE/IE, Base model T443
[MPal, Case 4 T334 [MPa] T& 1Y, Case 4 I Base

model & O HEICILHES TWah, LB, IBHHAKEW
4TI HTT00 O ML 2 4 5 & & fEdE S,
Table 2 (2T TR L7z

Table 6 1%, Fig. 8 IR LT84 v MG A, B, C
DU RIS DTHD, Case 4 T, i OWIEE
T Fig. 3A, 3B Offiifiz 7o/l LicL )Ny b
RO HT Base model 3L { F TH S 7z,

BNy MZownTld, H—MOBED 2 6 Rk
#71 (38.6 [KN]) 23fieAHES (76 [KN]) of45fE
ECH Y, R TIDINb > THMEE L, M Es
LEbhs,

PLE, T80y FOEREHERABEADEZITL L
E ORI 2 AT » 1245 %, Table 2 (278 L7z Case 4



FH)II - P - BB : FEM BT & BHERIS A v k i

DEFNVHRETH D, TERAKRIFIT264%12% 5,
4. X &%

BEW S v+ OFEE % [ 5 720 F REFERHT €
TWEERL, BB ISRl 21T 2 72,
BoniERd, UToMlhTHs,

(1) BTy beFNTy oA ZRDIHE, W
A0 [(] TRAKER S,

(2) F1A7y bORRERERFHAADNZZTHL ED
ol HE ST % 4T o 7246 H:, Case 4 OEF VA T
HY, TRIKHET064%I12%5,

2B

(1) Bt - = - [H - A - IR, fARESEEN
F7v 27 1&I, (1981), SEJASE.

(2) BH, HEEEHFKIE, 79-691 (1976), pp.494-
502.

(3) 3% - 1L, HABRM R, 44-386 (1978),
pp-3333-3345.

(4) S.Y.Han and J.S. Maeng, Key engineering materials,
Vols. 183-187 (2000), pp.361-366.

(5) K.Hayashi, S.Nishida, N.Hattori and H. Igawa,
Proc. Of 5th Int. Conf. Fracture & Strength of Solids
(2002), pp.235-242.

(6) S.Nishida, K.Hayashi, N.Hattori and H. Igawa,
Proc. Of 7th Int. Conf. on Damage & Fracture Me-
chanics (2002), pp.1-10.

(7) N - PEH - BRES, ARATRERFWEHE  No.
27, (2003 - 2004), pp.1-7.



