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Minimum Weight Design of the Boom of an Excavator
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Abstract

Minimum weight design of the boom of an excavator with stress and displacement constraints was
performed. The procedure of analysis consists of the following steps. The finite element model of the
boom was built up by using 227 triangular plate elements each of which has three nodes. And then the
finite element program was implemented and its accuracy was verified by comparing its results with
those of the commercial structural analysis package-ANSYS 4.4A. For the constraints of stresses and
displacements, the design sensitivities of those were computed using direct differentiation method. To
verify the reliability of them, the results were compared with those of the finite difference method.
The optimum design value was obtained by using PLBA(Pshenichny-Lim-Belegundu-Arora) non-linear
optimization program which adopts the active set strategy. Using the above results, minimum weight
design of an excavator boom showed an effect of 27% reduction in weight.
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Figure 2.1 excabator model
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[}

802 dicted:
§o ety
T T S R e S ek R
§.o. )“f‘
=02 & M‘J
~a.34 C .
o ol
-os T A N MAASF SRS YRR WA MAAF MAARE MRS

NODE NUMBER

Figure 3.4 Comparison of the Displacement in Y direction

20

3

5

an N

T T 3 1 5§ 78 & 10 W 7219 ve 518 17 @ % 20 2v 222

ELEMENT NUMBER

predicted: o
NSYS  :o

Figure 3.5 Comparison of the Equivalent Stress at Upper
Surface of an Element

predisted. o
ANSYS -

ol T B S S S S S S SN I RV N R R I R (R

ELEMENT NUMBER

Figure 3.6 Comperison of the Equivalent Stress at Lower
Surface of an Element

10Kgf

Al /
100.0

/

9

Figure 3.7 Optimum Design Problem of Cantilever Plate
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Table 3.1 Design sensitivity of displacement in X direc-

tion
Node y(b) y(b+b) JayY] v "N}
1o, (%)
1 -8882E-01 - 8689E-01 — - 1924E-02— - 1973E-02 10255
5 < 1275E4H00 - 147EH00 - - 2802E—02- - 2872E-02  102.50

10 - 2106E4+00 - 2059E+00 — - 4733E—-02- - 4846E-02  102.39
15 - 433GE400 - 4229E+00 — - 1098E-01- - LI3E-01  102.94
20 - 42E+H00 - 4305E+H00 — - LITOE-01- - 1204E-01  102.95
25+ 3639EH00 - 3548E+00 - - 9124E—02- - 9376E—02  102.76
30 - 3B4EH00 - 3783EH00 ~ - 104E-01- - 104E-01  102.80
35 - MGTEH00 - M411E+00 — - 8555E 02— - BT8IE-02  102.64
40 - 3205E+H00 - 3128EH00 - - T649E—02— - T851E-02  102.64
45 - 524E+H00 - 2466E+H00 — - S79TE-02—- - 5951E-02  102.66
50 - 2146EH00 - 2097E+00 - - 4899E 02— - S034E-02  102.76

Table 3.2 Design Sensitivity of Stress oxat Bottom Sur-
face of Element

Elerrent y(b) w(b8h) oy ¥ Vg
0, (%)
1 CMREHD - 1BEHL - - IME-01— BIE-01 10284
5 CISISEHL - 7EH - - 3E-0L- - 07E-01 1R
10 - UTEHOl - - 2B -BIFE-0L - BMIE-01 1846
15 CITEHO - 76EH0 - - S0AE-B- - ME-03 A
H - QHE-01 - - Y13E-01 - - BME-02 - - HE-2 1.3
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Table 3.3 Optimum Design of the Cantilever Plate

Design  Stress Initial  Optimum Beam Bending  Relative

Variable Constrant ~ Value Value  Theroy Error
(kgf/mm®) (o) (mm) {mm) (%)

Thickenss

of T2 30 8 1L71 121t 33
Thickness

of 3,4 30 8 10.23 10.33 0.97
Thickness

of 3, ® 30 8 7.9 817 220
Thickness

A8 30 3 4% 3.16 407
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Table 3.4 Optimum Design of the Boom of an Excavator

Design Displacement ~ Stress Intial Optimum
Variable Constraints ~ Constraints ~ Value Value
(mm} (kgf /mm’) (] {mm)

Thickness of

Upper Plate 1.0 15.0 100 14.03
Thickness of
Side Plate 10 150 100 533
Thickness of
Lower Plate 10 15.0 10.0 427
Thickness of
Armature Plate 1.0 159 10.3 78
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