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An Evaluation of Loss Factor of Damping Treatment Materials for
Panels of Railway Vehicles
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Abstract This paper is a study on the evaluation of loss factor of damping treatment materials to reduce the noise
and vibration for panels of railway vehicles and automobiles. In order to determine the modal parameters of damping
materials, beam excitation tests were carried out using different type PVC coated aluminum and steel base beam
specimens. The specimens were excited from 10 Hz to 1000 Hz frequency range using sinusoidal force, and transfer
mobility data were measured by using an accelerometer. The loss factors were determined by using integrated
program, based on theories of Half Power Method, Minimum Tangent Error Method, Minimum Angle Error Method
and Phase Change Method, which enable to evaluate the parameters using modal circle fit and least squares error
method. In the case of lower loss factor and data of linear characteristics, any method could be applied for evaluation
of parameters, however the case of higher loss factor or data including non-linear characteristics, the minimum angle
error method could reduce the loss factor evaluation. The obtained dynamic properties of the coating material could
be used for application of Finite Element Method analyzing the noise control effects of complex structures such as
carbody or under-floor boxes of rolling stock. The damping material will be very useful to control the structural noise,
because the obtained modal loss factors of each mode show very good effect on over 2™ mode frequency range.
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Fig. 1. Damping material coated beam specimens

Table 1. Test specimens for the coated beam test

Specimen Base Beam Coating
metal(mm) weight(g) | thickness(mm)
Al steel 0.8 39 2.782
PVC A A2 steel 0.8 37.16 1.442
HWACO A3 Al 1.0 26.67 1.5
A4 Al 1.0 25.26 2914
PV B Bl steel 0.8 37.7 2.928
S
M200 - . -
B4 Al 1.0 31.7 3.334
PVC C© Cl steel 0.8 39.4 3.262
i [
INS 30F : . :
C4 Al 1.0 20.1 1.786
D1 steel 0.8 37 3.138
PVC D D2 Al 1.0 25.1 3.224
ESSEX 50 D3 steel 1.2 51.4 3.034
INS 500
D4 Al 1.6 30.6 1.9
WA ol ARE-E 71717]5= Ling Altec 407 AR S

7HA7], 3E2AAM & KistlerAl model 9173B(574 -3~12
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Fig. 2. Coated beam tests: (a) boundary excitation,
(b) environmental chamber tests
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Where, z denotes velocity, # denotes force, A denotes
modal flexibility, w denotes exciting frequency, w,

denotes resonant frequency of r mode, 7, denotes loss

factor of » mode, ¢ is constant.
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Fig. 3. Frequency response plot by transfer mobility of
beam tests: aluminium base specimen
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Where, 7, denotes loss factor of n'" mode, Aw

denotes half power bandwidth, w,, denotes resonant

frequency of n'" mode.
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Where, £ denotes sum of least squares error, z and ¥y

denote x,y coordinate data of a point, a,b,c are

constant.
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Where, e denotes error, w denotes frequency,

2, .
P=w"n, is constant, cvdenotes phase angle.
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Where, 6, and 6,,,denote each of measured phase

angle of continuing two points.
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Table 2= PVC D A&l thd}e] 600 ~ 640 Hz <
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Table 2. Input frequency bandwidth dependency of

modal parameters of combination of MTEM
& MAEM (Fig. 5. coated AL beam, mode 3,
0.25 Hz resolution)

Selected frequency resonant loss factor(error %) from
range(Hz) frequency(Hz) MEAM
600 640 620.6 0.1532 exclude
605 635 621.7 0.1492 0.9%
610 630 621.4 0.1499 0.46%
615 625 621.5 0.1527 1.39%

average loss factor: 0.1506(exclude wide range data)
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Where, 71 denotes loss factor, w denotes frequency w,

denotes resonant frequency, 6 denotes measured phase

angle.
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Where, 7, denotes loss factor of coated beam, 7,

denotes loss factor of coating material, E=E,/E,

denotes Young’s Modulus ratio, HZ="h/h, denotes

thickness ratio(m: metal, 4: damping material).
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Table 2. Dynamic parameter determination: coating material

properties

Average of Oberst Calculation

Specimen measfl;rfdrloss Modulus o
cto (MPa) oss factor

PVC A HWACO 0.1485 2,219 0.267

PVC B M200 0.1701 1,503 0.301

PVC C INS 30F 0.1361 896 0.264

PVC D INS 500 0.1607 804 0.355
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