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ABSTRACT

Stabilization diagrams based on the PolyMAX algorithm are widely used to identify resonance fre-

quencies and modal damping ratios in experimental modal analysis. Although resonance frequencies

generally remain stable with increasing model order, the identified damping ratios may vary because

they are estimated from curve-fitted frequency response functions (FRFs). This sensitivity becomes

more significant in anisotropic composite structures. This study investigated the applicability of the

half-power method as a supplementary criterion for validating modal damping ratios identified from

stabilization diagrams. Impact hammer tests were performed on an isotropic SUS304 plate and car-

bon-fiber-reinforced polymer (CFRP) plates with different fiber orientations. The damping ratios ob-

tained from the stabilization diagram were compared with those estimated directly from the measured

FRFs using the half-power method. The results show that resonance frequencies remained stable,

whereas the identified damping ratios exhibited noticeable wvariations under identical resonance

conditions. The half-power method consistently provided damping estimates that agreed well with

physically meaningful mode shapes. The proposed approach can therefore improve the reliability of

modal damping ratio identification while preserving the conventional stabilization-diagram-based modal

analysis procedure.
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Fig.1 Isotropic SUS304 specimen with attached
accelerometers (#1 ~ #15)

Fig.2 Anisotropic CFRP specimen with attached
accelerometers (#1 ~#15)
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Table 1 Modal analysis result from PolyMAX algorithm

" Resonance freq. Damping ratio
[Hz] [%]
1-A 657.96 0.77
1-B 664.84 1.89
2 1654.03 1.01
3-A 1831.60 0.66
3-B 1845.10 1.62
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(a) 1-A (657.96 Hz)

(b) 1-B (664.84 Hz)

Fig. 3 First mode shape of SUS304 specimen

(a) 3-A (1831.60Hz)

(b) 3-B (1845.10Hz)

Fig. 4 Third mode shape of SUS304 specimen

Table2 Comparison of damping ratio for different
analysis method
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Table 3 Modal analysis result from PolyMAX algorithm

# Half-power | PolyMAX Relatl[};:] error (CFRP-0 degree)

1-A 0.79 0.77 2.53 " Resonance freq. Damping ratio
1-B 1.89 139.24 [Hz] [%]

2 1.08 1.01 6.48 1 500.07 4.16

3-A 0.67 0.66 1.49 692.03 3.61

3-B ) 1.62 141.79 3 1072.06 4.15
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Table4 Comparison of damping ratio for different
analysis method (CFRP-0 degree)

# Half-power | PolyMAX Relati[?)f/&:] error
1 4.34 4.16 4.15
2 3.71 3.61 2.70
3 4.11 4.15 0.97

(a) 500.07 Hz

(b) 692.03 Hz

(¢) 1072.06 Hz

Fig.5 Three mode shape of CFRP-0° specimen

Table 5 Modal analysis result from PolyMAX algorithm
(CFRP-15 degree)

" Resonance freq. Damping ratio
[Hz] [%]
1-A 739.98 2.77
1-B 750.86 1.33
2-A 1,032.27 4.60
2-B 1,036.90 1.72

478 | Trans. Korean Soc. Noise Vib. Eng., 36(5) : 472~481, 2026
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Table 6 Comparison of damping ratio for different
analysis method (CFRP-15 degree)

# Half-power | PolyMAX | Relative error [%]
1-A 2.77 15.55
EEEEse— 3.28
1-B 1.33 59.45
2-A 4.60 7.07
Es— 4.95
2-B 1.72 65.25

(a) 1-A (739.98 Hz)

(b) 1-B (750.86 Hz)

Fig. 6 First mode shape of CFRP-15° specimen
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Table8 Comparison of damping ratio for different
analysis method (CFRP-30 degree)
# Half-power PolyMAX Relatize error
[%]
2.60 8.45
6.67
34.39

(a) 2-A (103227 Hz)

(b) 2-B (1036.90 Hz)
Fig.7 Second mode shape of CFRP-15° specimen

Table 7 Modal analysis result from PolyMAX algorithm

(CFRP-30 degree)
" Resonance freq Damping ratio
[Hz] [*]
1 444.20 2.60
2-A 545.99 2.66
2-B 553.79 1.87

1 2.84
2-A 2.66
— 2.85
2-B 1.87

(a) 2-A (545.99 Hz)

(b) 2-B (553.79 Hz)
Fig. 8 Mode shape of CFRP-30° specimen
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