m&‘l

of & 7t

(2009 79 234 A47,2009 11€¥ 13

HE 3 IS o33 FF<=

7| Alet s =5d AE, #3338 A123Z, pp. 1442~1448, 2009

DOI:10.3795/KSME-A.2009.33.12.1442

Ofol
lok

A 54,2000 1Y 17Y AAeR)

Transient Characteristics Analysis of Structural Systems Undergoing
Impact Employing Hilbert-Huang Transformation

Seung Kyu Lee and Hong Hee Yoo

Key Words :

Hilbert-Huang Transformation(Z ¥ E 3} ¥ 3}, Signal Analysis(2] & 4]), Transient

Characteristics(ZF =543, Impact(Z2)

Abstract

Transient characteristics of a signal can be effectively exhibited in time-frequency domain. Hilbert-Huang
Transform (HHT) is one of the time-frequency domain analysis methods. HHT is known for its several
advantages over other signal analysis methods. The capability of analyzing non-stationary or nonlinear
characteristics of a signal is the primary advantage of HHT. Moreover, it is known that HHT can provide fine
resolution in high frequency region and handle large size data efficiently. In this study, the effectiveness of
Hilbert-Huang transform is illustrated by employing structural systems undergoing impact. A simple discrete
system and an axially oscillating cantilever beam undertaking periodic impulsive force are chosen to show the

effectiveness of HHT.
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Fig. 1 Four degrees of freedom discrete model
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Table 1 Material properties and initial conditions

Material properties Initial conditions
m, =250kg  k =205000N /m G, =10m/s g, =20m/s
m, =634.8kg  k, =845000N/m | G =150m/s §,=50m/s
m, =27.25kg  k, =1819400N / m
m, =2723kg k, =9419900N / m

Table 2 Natural frequencies of the system

mode 1 2 3 4
Natural
Frequency 5.588 13.09 43.42 97.79
[Hz]

Acceleration Response
3x10° T T T T T T v T

2x10°
1x10°
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Fig. 2 Acceleration response of g,
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Fig. 3 HHT obtained with ¢, =0 (i=1,2,3,4)

Damping ratio: 0.001
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Fig. 4 HHT obtained with ¢, =0.001 (i =1,2,3,4)
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Fig. 5 HHT obtained with ¢, =0.01 (i =1,2,3,4)
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Fig. 6 HHT results with Marginal spectrum
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Table 3 Numerical data used for the simulation

Notation Description Numerical data
P Mass per unit length 1.2 kg/m
E Young’s modulus 70 GPa
A Cross section area 4.0 E-4 m®
I Area moment of inertia 2.0 E-7 m*
L Length 10 m

Table 4 Natural Frequencies of beam

Mode 1 2 3 4 5
Natural
Frequency | 0.604 |3.788 | 10.61 |20.78 |34.36
[Hz]

Oscillating
rigid base A

B _
X+ 5-—/\0_ .. 1.86-ky)
— i fiud+ud,

X JP:

g
Fig. 7 Configuration of an axially oscillating cantilever
beam
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Fig. 8 Dynamic stability diagram for axially oscillating
cantilever beam
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Fig. 9 Position A with parametric values (0.2, 0.1)



CASE A / No impact
T
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Fig. 10 HHT of CASE A without impact
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Fig. 11 HHT of CASE A with periodic impact
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Fig. 12 Position B with parametric values (0.84, 0.11)
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