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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 posit ion 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.
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Fig. 1 Integrated model for FE analysis

Fig. 2 Deformed shape depending on load input types

3.2
, ,

 8

 Table 1 .

3.3
 SLC1, SLC2  SLC7

 ISO [1], , ADAMS[2]

(Table 2 ).

 ISO

 94%  100% .

ADAMS  ISO

 90% - 101%

.

 SLC1

75%,  4% .

SLC1

.

대한기계학회 2003년도 춘계학술대회 논문집

 538



Table 1 Scenarios for static strength analysis

Table 2 Comparison of cylinder reaction forces
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 Fig. 3 .

Fig. 3
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Analysis Condition Working Position Actuated Cylinder Symmetry/Asymmetry

SLC1 Max. Digging Reach Bucket Symmetry

SLC2 Max. Digging Reach Arm Symmetry

SLC3 Max. Digging Reach Bucket Asymmetry

SLC4 Max. Digging Reach Arm Asymmetry

SLC5 Max. Digging Force Arm Asymmetry

SLC6 Max. Digging Force Bucket Asymmetry

SLC7 Max. Digging Force Arm Symmetry

SLC8 Max. Digging Force Bucket Symmetry

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%)
SLC5

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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(K, Bulk modulus)
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K = b -1 = (V0 x DP) / DV (1)

 (1)  V0 , DP ,

DV .

, , ,

.

(Tangent bulk modulus, KT)

(Secant bulk modulus, KS) .

KT=(1.30+0.15logh){antilog0.0023(20-T)}104+5.6P (2)

KS={1.51+7(f-0.86)}{antilog0.0023(20-T)}104+5.6P(3)

(2)  (3)

h
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20 oC (Dynamic viscosity)[cSt], 

T , f  20 oC

[kg/ ]  P [bar] .

(4)

.

Log{log (n + 0.8)} = A log T + B (4)

 T , n
[cSt], A  B

.

( )

.
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Fig. 4 Stiffness of hydraulic oil with variation of boom 
cylinder stroke
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Fig. 5 Natural frequency with variation of boom 
cylinder stiffness

4.4

.

,

.

 4000 N  0.01 

(0.01~0.02) .

 3.51 Hz, 

 3.75 Hz

 1.95 Hz,  2.89 Hz

.

 z

(Fig. 6 (a) ). y

 y

( )

(Fig. 6 (b) ).

 x

(Fig. 6 (c) ).

.

.

22 22.5 23 23.5 24 24.5

Time [sec]

(b) y direction

(a) z direction

-2

-1

0

1

2

A
cc

el
er

at
io

n
[g

]

-2

-1

0

1

2

A
cc

el
er

at
io

n
[g

]

-2

-1

0

1

2

A
cc

el
er

a
tio

n
[g

]

Measured
FEA (Original rod)
FEA (Equivalent rod)

(c) x direction

Fig. 6 Comparison of acceleration components
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