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ABSTRACT

Vibration testing is conducted for evaluate the fatigue resistance of responsible system over ex-

citation situations and two kinds of vibration profiles, harmonic or random, are widely used in en-

gineering fields. Harmonic excitation profile is adequate for the rotating machinery that is primarily 

exposed to the orderly excited force subjected for a rotating speed; Random profile is suitable for 

the non-stationary vibration input, that is a ground excitation for example. Recently, the sine on ran-

dom (SOR) testing method was sometimes considered to represent the real excitation conditions since 

the measured response signals of a target system, expecially for moving mobility, shows usually a 

mixture of them. So, it is important to understand the accumulated fatigue damage over different ex-

citation patterns, harmonic and/or random, to determine the efficient vibration profile of a target 

system. A uniaxial vibration testing with a notched simple beam was introduced to evaluate the fa-

tigue damage for different excitation profiles and the best choice of vibration profile was concluded 

from those comparison of calculated fatigue damages. 
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Table 1 .

 Modal parameters of simple notched beam
# Damping(%) Frequency(Hz)

1 0.55 1162.7
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[2]. Table 2 Table 3

, G 9.8m/sec2

.

 Vibration profile for sinusoidal testing
No. Frequency(Hz) Magnitude(G2/Hz)
1 20 0.005

2 100 0.005

3 4,000 0.001

Duration(s) 424

 Vibration profile for random testing
No. Frequency(Hz) Magnitude(G)
1 30 0.5

2 100 1

3 4,000 1

Duration(s)/Sweep(Oct/min) 424/1
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 Material property of simple notched beam
Material Fatigue strength exponent Stress range intercept

S45C -0.0806 664.5 MPa

-343-



ISO 16750-3

Table 4 .

Table 5

.

 Vibration profile for random testing
Data Test mode Damage

Acceleration

mode I 8.3e-11

mode II 1.2e-11

mode III 5.4e-9
summation 9.8e-10

Strain

mode I 6.7e-13
mode II 2.9e-14
mode III 4.27e-10

summation 9.0e-10

Table 5 ‘summation’ 
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Table 6 .

 Comparison of vibration test mode
Mode Duration Damage Reliability

mode I short small Bad
mode II short small Bad

mode I mode II
mode II mode I long small Bad

mode III (SOR) short large Good
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