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Study on the Static and Dynamic Structural Analysis Procedure of Excavators
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Abstract

This paper presents the improved procedure to assess static and dynamic strength of crawler type
excavators. A fully integrated model including front attachment and chassis was prepared for structural

analysis. In this paper, two types of loading input methods were investigated and the method imposing
digging force directly on bucket tooth was more convenient than imposing cylinder reaction force on cylinder
pin even if the two methods showed no discrepancy in analysis results. Static strength analysis was carried out

for eight analysis scenarios based on two extreme digging positions, maximum digging reach position and
maximum digging force positions. The results from static strength analysis were compared with measured
stresses, cylinder pressures and digging forces and showed a good quantitative agreement with measured data.

Dynamic strength analysis was carried out for simple reciprocation of boom cylinders. It was recognized that

the effect of compressive stiffness of hydraulic oil was very important for dynamic structural behavior. The

results from dynamic strength analysis including hydraulic oil stiffness were also compared with measured
acceleration data and showed a qualitative agreement with measured data.

gomw

—+

sy FE2d4
E-mail : jmchung@hhi.co.kr
TEL : (052)230-5549 FAX : (052)250-9580

ANETY AAFNAPEAN

537

>,
=
i,
3@
s

o

o

=
ot &

ol

< 4
!

o & ot
HU e o
>,
rlr
ofy
oft
=)
]
> to
Ny

E“T‘ ooz 9
Ol
-
oy
* N
ol ax 1“N
wo o
E o o
R O]-m H‘{
4 o o
N
o o
! N 4y |
N o
ro X K %
o
:Oé
N R X
= o e
rir ]IE =

~ ¥

[1{
¢

\IB

o
ol
!
%
N >
=4
=

o
o,

o
©
A
G
offt
2
O
=

2o ox mlo o

o 1x

oy
o
o,
£
2
o
=y
Ni
rlr
o\

2 oo T2 o

_OL
rﬂ"_ﬂ,

)
M
>
1
>
Og{:,"
_°|L
£ og
oo

1: q_o]:
x}xﬂg 2] &
Ex%@- x]—o% =5 l
AAse] A sasor ak ke

14 2a7)e A A|RAQ A%

[}

E

o]
H

=z = z
ST



2003

¢l =2 Aol dE A= HJrirh dsAolt,
=27 A s =2F wnk oy}t 1Yk, A
2h, A3lE BF Edeke A4S v g =4
Zlg g—)\L x]—%]}\] ;<1-04 =} ]4 =9 u} =]
g =2} 8H4 (Maximum digging reach) AFAl, | Tj
=2 Zlo](Maximum digging depth) ZFA|, Hdo =

2AF Zo](Maximum digging height) 241 <] A7}
AA R EFE F den, Z4EE Veom F
b =23 (Maximum digging force) AA %= FHE2]
el "k A3 A9 3] A " A &
ol WA= ThEER lete] 24 Aol

et

—

=]
=

Aot S Wi AEZF ded Aow A4
Hop, gk ZA FFolA W o] (Bucket

tooth)°] ZW-3fo]l 53] dfFo] F&at=rt of
Urbel whal A Z24F v A F2to 2 FEo)
Hm, ofo] wat 2g 1—;2]0]] a s ow 2

P
Fol AA debd Aow dFd.
22 =EEY

2 AdFolA = PATRAN & ©]83}4 Fig 1 7

Zdol =ZAa7) Y sk
s A3d JHZ fhos RS
NASTRAN & o
2d Ao e

=eqlst 2e) A7t 9
TR on,

N%ﬂ% Relo A AbA)
shal =5 HFEAE
HAZFo] Jlonz %
Al 7] = HJHSO] ag4o]

538

(b) Cylinder force

Fig. 2 Deformed shape depending on load input types
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Table 1 Scenarios for static strength analysis

Analysis Condition Working Position Actuated Cylinder Symmetry/Asymmetry
SLCI Max. Digging Reach Bucket Symmetry
SLC2 Max. Digging Reach Arm Symmetry
SLC3 Max. Digging Reach Bucket Asymmetry
SLC4 Max. Digging Reach Arm Asymmetry
SLCS Max. Digging Force Arm Asymmetry
SLC6 Max. Digging Force Bucket Asymmetry
SLC7 Max. Digging Force Arm Symmetry
SLC8 Max. Digging Force Bucket Symmetry
Table 2 Comparison of cylinder reaction forces
Reaction Force ISO FEA Kinematics Measurement
Bucket Cylinder Force [N] 454963 428515 (94%) | 450181 (99%) 357008 (79%)
SLC1
Arm Cylinder Force [N] 773220 773227 (100%) | 727804 (94%) 28015 (4%)
Bucket Cylinder Force [N] 374493 352724 (94%) 356397 (95%) | 268859 (72%)
SLC2
Arm Cylinder Force [N] 636460 636466 (100%) | 571138 (90%) 465244 (73%)
Bucket Cylinder Force [N] 371413 350592 (94%) | 366894 (99%) | 266122 (72%)
SLCS
Arm Cylinder Force [N] 620725 620744 (100%) | 628919 (101%) | 484167 (78%)
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Fig. 3 Stress comparison for static strength analysis and measurement
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