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Abstract: A modified environment chamber and a laser
identify the modal

parameters of damping treated thin plate at different

vibration meter were used to

temperatures. An experimental analysis was conducted to
analyze the influence of temperature on the modal
frequency and modal damping ratio. The results show that
the temperature is negatively correlated to the modal
frequency of damped thin plate, the modal damping is
greatly reduced at extremely high and low temperatures.

An inverse identification method based on optimization
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algorithm was proposed to identify the material properties
of damping material. The variation of complex modulus
and loss factor of damping material with temperature and
frequency were identified for further verification by finite
element method. The simulation results show that the
resonant frequencies and response amplitude are better
correlated to the measured values, by using the
temperature and frequency dependent parameters to
predict the vibration response of damping treated thin

plate.

Key words: damping material; thin plate; vibration

modes; parameter identification; frequency dependent

properties
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Fig. 1 Environment chamber and laser vibration

meter
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Fig. 2 Arrangement of transducer and exciter
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Tab.1 Modal frequency at different temperatures

Hifii:Hz
A Bk —25C —10C 5C 20°C 35T 50°C
xlyl 1 50.5 50.0 48.0 42.6 38.6 36.7
x1y3 2 112.4 110.2 103.7 88.8 77.0 71.0
x2yl 3 138.1 136.7 131.3 112.4 100.8 95.3
xly4 4 223.5 219.0 206.0 175.2 150.4 134.3
x2y3 5 210.0 206.5 196.3 — — 140.9
x2y4 6 — — — — 220.9 203.3
F2 HFRETHESER

Tab. 2 Modal damping at different temperatures
bl ik —25C —10°C 5°C 200C  35C  50C
xlyl 1 0.013 0.014 0.027 0.042 0.031 0.023
x1y3 2 0.004 0.006 0.023 0.051 0.040 0.025
x2y1 3 0.006 0.009 0.022 0.035 0.031 0.020
x1y4 4 0.004 0.006 0.021 0.053 0.040 0.026
x2y3 5 0.005 0.007 0.019 — — 0.024
x2y4 6 — — — — 0.032 0.025
SEHREASEHJE 0.007 0.008 0.022 0.045 0.035 0.024
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.3 Vibration modes of first 6 orders
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Fig. 4 Modal frequency at different temperatures
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Fig. 6 Test configuration for composite loss factor
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Tab. 3 Loss factor at different temperatures

B/ C 2R/ He 2BV EGBUWER T SHMEIAR/Hz  STEGHFER T BEHE/MPa FORHBAEA 1
—25 213 0.013 628 0.010 6651 0.015
—20 212 0.014 626 0.011 6 585 0.016
—10 211 0.017 620 0.012 6 460 0.019

0 205 0.029 604 0.023 6016 0. 034
10 193 0. 064 o71 0.055 5163 0.080
20 172 0.110 ol1 0.129 3797 0.167
30 153 0.116 452 0.132 2677 0.189
40 140 0. 096 409 0.118 1980 0.180
50 132 0. 068 381 0. 088 1577 0.143
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Fig. 9 Schematics of cantilever beam with free

damping
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Tab. 4 Parameters for optimization and results
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Tab.5 Parameters for FEA model

poE'd M /GPa FER T B/ (tem ™) JAMAEL
el 210 0.001 7.79 0.30
FUEMRHAESE #3 #*3 1.30 0.37
FEA B AES R K12 & 12 1.30 0.37
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Fig. 13 FEM of damping treated thin plate
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Fig. 14 Frequency response
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Tab. 6 Error analysis of simulation results

S/ °C T TR L IVIE(EAR LIIRMEER I REENE 2B 2B (Eiist 2B IGAig 2 B s
%/ Hz 122/ Hz & /dB R2/dB F/Hz FiRE/Mz {H/dB PR2%/dB

i 36.9 13.8 96.6 12.2
50 HESH 37 0.1 8.3 —5.6 108 11.4 9.2 —2.9
WA Sk 35 —1.9 12.8 —1.0 100 3.4 10.7 —1.5

Mt 41.3 9.6 111.2 8.4
20 HESE 44 2.7 7.4 —2.2 129 17.8 6.6 —1.8
WA B 41 —0.3 9.0 —0.7 117 5.8 7.9 —0.5

bRy 50 13.7 136.3 12.7
—10 HESHL 53 3.0 12.5 —1.2 146 9.7 11.4 —1.3
AR SR 51 1.0 12.4 —1.3 141 4.7 11.6 —1.1

M 50 16.6 138.1 36. 4
—25 HESH 53 3.0 28.5 11.9 147 8.9 15.5 —20.9

BAESH 53 3.0 21.9 5.3 146 7.9 39. 2 2.8
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