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FRF(30,30)
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()P RAE S 2 fRipe ot
" JUR. 9% T pn
f f, AT é H = | FIEE
Mode ' (H2) Cs RS
(Hz) (%) | (%) (%)
1
1 |17.17|17.28 | 0.64 |0.330| 0.330 |Bending
mode
52
2 |108.13|108.23| 0.18 [0.666| 0.498 | bending
mode
%3
3 |303.28|303.50| 0.16 |0.839| 0.612 |Bending
mode
F4
4 1594.22|596.43| 0.40 (1.038| 0.718 |Bending
mode
%5
5 |987.57|989.40| 0.14 |1.278] 0.830 |Bending
mode
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34 AR R WA R

M E [A Bl B2 C | D E F
X |& @ o

0 LA ﬁa] ﬂa)r ﬂa)r

d P fE é:( Za) 2 gr = 2 é gr é :T 5]

e 3 (%) (%) (%) | (%) %) |0

1/0.330/0 0.349 0.030 [0.83000.330] 0.030 [0.830

210.666|0 0.234 0.192 (0.83000.666| 0.192 |0.830

3[0.839/0 0.533 0.537 (0.83000.839] 0.537 [0.830

411.038 0 1.017 1.052 |0.830/1.038 1.052 [0.830

5[1.278/0 1.681 1.749 1|0.8301.278 1.749 [0.830

F 5~ b BIAEA R HEAI(BL) 2 BERE PR R v SRR %
(a=0.69138 » B =5.3993x10")

. 3 a . fo, X
Mode S =t — (% ’
f, (Hz) %) 4 2w 2 (%) %)
1 17.17 | 0.330 0.349 5.77
2 108.13 | 0.666 0.234 -64.82
3 303.28 | 0.839 0.533 -36.52
4 594.22 | 1.038 1.017 -2.00
5 987.57 | 1.278 1.681 31.52
S BHOGFER V2 3F4 e 5 T30yl g 36.24
A=0.69138, B=5.3993e-006, err rms=36.2379
2 - - . . . . . 100
? &,.(%) g
= P s
_;_%L —S— exp. -
- ) ) ) X ) ‘ —B— pred.
U000 20 300 400 500 600 700 800 800 1000°

frequency (Hz)

(a)*’“ﬁ% 'Jl‘“l’u vz pﬁ'—i—r,zﬁﬁ?]
2
g 151
R
EU-S’ N §:i+@ —&— exp. |
- 20 2 pred.
0

. . . . . . .
0 100 200 300 400 500 600 700 800 900 1000
frequency (Hz)

(b) F =& IERIFEL v 7 LB
B 5~ F BRI Aot 220t GIZEAF PR R A (BL)FE R FE £ vt
2[R R

F 6t BIERFF IR 103 (B2) 2 HOAL PR R 1 SR
(a=0 » B=56379x10"°)

Mode fr ér gr =& (%) Fi‘g‘
(H2) | (%) 2 (%)

1 17.17 | 0.330 0.030 -90.77
2 (108.13| 0.666 0.192 -71.24
3 1303.28] 0.839 0.537 -35.97
4 1594.22| 1.038 1.052 1.40
5 987.57| 1.278 1 749 36.87

S BHAEFE L L2 3L T 3 T35 E | 56.51
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% =
A=0, B=5.6379¢-006, err rms=56.5154
2 T T T T T T 100
g
=3 o=y
& =
o 1r 0 s
é &
o —S— exp.
0,
= & " ( A)) —&— pred.
0 h . . 1 . . . 100
0 100 200 300 400 500 600 700 800 900 1000
frequency (Hz)
g 2o e sp Y = 2
@F &R 2 F LT LR
2

damping ratio (%)

N g_pe
0 100 200 300 400 500 600 TOO 80O 900 1000
frequency (Hz)
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Abstract

Vibration analysis contains four types of analyses, i.e.
modal analysis, harmonic, transient and spectrum
response analyses. Normal mode assumption neglecting
damping is generally adopted for modal analysis and
adequate for structural calibration to identify structural
modal parameters. Other analyses should include
structural damping effects for accurate and reliable
simulations. This paper briefly presents the modal
analysis and harmonic response analysis for both
proportional and non-proportional viscous damping
multiple degree-of-freedom (MDOF) systems,
respectively. Different damping models are then
introduced. In particular, the related commands in
ANSYS are shown and compared for their usages. A
practical cantilever beam structure is also considered to
perform EMA so as to obtain the structural modal
damping ratios. This work shows the procedures to
determine the frequency response function (FRF) via
harmonic response analysis by including damping effects
for different damping models base on experimental
damping data and compares the differences of FRFs. This
work finally summarizes and proposes the procedures for
FRF simulation including damping effects that is useful
for practical applications.

Keywords: damping, harmonic response

analysis, experimental modal analysis,



