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of a Q-factor Based Resonance Selection Criterion
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ABSTRACT

Type-approval vibration tests for shipboard equipment commonly apply sinusoidal sweep tests, using the
Q-factor to select critical resonances for endurance evaluation. However, shipboard equipment generally
exhibits multi-degree-of-freedom (MDOF) behavior under base excitation, and Q-factor validity as a
vibration fatigue indicator remains unclear. In this study, we experimentally evaluated the applicability of
Q-factor-based resonance selection using cantilever-type specimens and a shipboard electrical control panel.
Specimens with identical material (S45C) and geometry, but varying thickness (3 mm~5 mm) exhibited
Q-factors of 29.5~60.7, while fatigue life correlated more strongly with bending stress than with Q-factor.
In several cases, specimens with lower Q-factors failed earlier due to higher stress concentration. For the
electrical control panel, we observed multiple closely spaced resonances (26 Hz ~ 50 Hz) with location-
dependent Q-factors of 4.9 ~14.8. Random vibration tests (15 Hz~ 70 Hz, 0.701 g RMS) caused fatigue
failure at a transformer bracket within approximately 7 min, despite its Q-factor being similar to other
components. The failure was governed by local stiffness degradation and mass-induced stress concentration
rather than resonance sharpness. These results demonstrate that Q-factor alone is insufficient to assess
vibration fatigue risk in MDOF shipboard equipment. Effective resonance selection should thus account for

response location, structural stress characteristics, and time-dependent dynamic changes.
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Fig. 3 Displacement transmissibility X/Y of a base-
excited SDOF system
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Fig. 5 Vibration test set-up for the specimens

Table 1 Sinusoidal sweep test profile

Frequency | Acceleration Sweep rate Number of
[Hz] [g] [octave/min] sweeps
10 ~50 0.1 0.5 1
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Table2 Finite element models for specimens with
different thicknesses

Thickness Nodes Elements Element type
[mm] (each) (each)
3 39555 8226
4 22619 4643 Quad (2D)
5 29193 5996

Table 3 Results of sinusoidal sweep tests and harmonic
response analysis

. Estimated Resonance
Thickness . .
] damping ratio | frequency Q-factor
[%] [Hz]
3 1.63 25.11 29.53
4 1.00 34.88 49.80
5 0.81 44.73 60.69
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Fig. 6 Results of harmonic response analysis
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Fig. 8 Fracture surfaces of specimens after vibration
fatigue endurance test

Table 4 Specifications of the electrical control panel

Material SUS316L 2.0T
Dimensions 500 mm (W) % 180 mm (D) x 600 mm (H)
Weight 28 kg
M 4-point bolted fastening (M12)
method
Component name Amount (each)
Molded case circuit 1
breaker (MCCB)
) Miniature circuit breaker
Main (MCB) 3
components -
Magnetic Contactor 1
MCO)
Transformer 1
Relay 1

Trans. Korean Soc. Noise Vib. Eng., 36(1) : 74~82, 2026 | 79



Sang-Gi Lee et al.; Experimental Study on the Validity of a Q-factor Based Resonance Selection Criterion in ...

Fig.9 Vibration test set-up for the electrical control
panel with door removed (monitoring channels:
Ch.5 ~ Ch.8)

Table 5 Resonance search profile for the type approval
vibration test

Frequency | Displacement | Acceleration Sweep rate

[Hz] [mm] [e] [octave/min]
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Table 6 Resonance frequencies and Q-factors of the
electrical control panel with door removed

Resonanc[:ls?I Zfirequency Ch. Amlgigg?tion it
26.31 7 6.02 8.26
26.35 5 8.80 7.72
26.35 6 9.01 9.01
26.43 8 8.38 7.50
39.25 5 3.07 14.77
39.25 6 3.02 14.63
43.86 8 3.42 4.88
49.96 5 3.95 14.32
50.26 6 3.51 13.06
67.43 7 3.60 12.79

—o—ch

Amplification factor

50
Frequency (Hz)

Fig. 10 Frequency response of the electrical control
panel with door removed

Table 7 Random vibration test profile (control spectrum)

Frequency PSD g RMS
DOF
[Hz] [¢"/Hz] [e]
15~70 0.0089 0.701 130
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