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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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A7 =g 7o) T4 BA
F(Oberst beam Test)o|L} ASTM
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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
Bl steel 0.8 37.7 2.928
PVC B B2 steel 0.8 37.1 2.812
EFTEC
M200 B3 Al 1.0 24.88 2.988
B4 Al 1.0 31.7 3.334
PVC C C1 steel 0.8 394 3.262
BSSEX 30 | T | i
INS 30F - - -
C4 Al 1.0 20.1 1.786
D1 steel 0.8 37 3.138
ESP;/ECXDSO D2| AlLO 251 3224
INS 500 D3 steel 1.2 514 3.034
D4 Al 1.6 30.6 1.9
WAl AR 7715 Ling Altec 407 AA1718

771, £2244 %= KistlerAl model 9173B(34 -3~12
kN, -3.5 pC/N), 7} EAE Endeveorl 248 7H45%
7l =% 05
gram, 1.578 pC/g, 535 pF)E A3t &4 olx
& Hasletr] fla S48 50 kHz7HA dY A
R A] -1 ~ 42 %2 AE HEsh= Kistler 5011B A

2222C(micro-miniature accelerometer:
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1/10,000914 1 % =5) 2 H-& 7A357E 2} H 1 g 4
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Fig. 2. Coated beam tests: (a) boundary excitation,
(b) environmental chamber tests
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Where, z denotes velocity, F' denotes force, A denotes

modal flexibility, w denotes exciting frequency, w,
denotes resonant frequency of r mode, 7, denotes loss

factor of r mode, c 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 7" mode, Aw

denotes half power bandwidth, w,, denotes resonant

frequency of n'" mode.
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Fig. 4. Curve fit HPM(Al 1.0 mm, mode 3, 1 Hz
resolution)
3.2 HaAs A
AZFNYE A2ASOAYE HEEYoR nE
WSS AL BE Y% 8E(modal circle fit) S
AT Fol AAAFOANL AHFIHE ol ol
HaAsak 32 A(3)7 28]
1 1
E= ) jerror E (2 + 97 +ax; +by, +c)* (3)

i=1

Where, E denotes sum of least squares error, = and y
denote x,y coordinate data of a point, a,b,c are

constant.
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(response phase plane circle)’d +4
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Where, e denotes error, w denotes frequency,

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

angle of continuing two points.
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Fig. 5. Close modes(damping treated AL 1.6mm based
beam, mode 3, 0.25 Hz resolution), (a) frequency
response plot (b) 3D Nyquist plot
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Table 2= PVC D A&l didte] 600 ~ 640 Hz <

el A MAEMZH& o]-&-3te] ¢lojo] MA Fup
7l A ATE AJYd Aotk
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ymA] Frol A Ha 7R AIS 0.1506 71l it

ol 1.5 % AS] oldjelth

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)

e/

g3k (PCM)

Wy ™ Wy

1
92*91

n=2—"— ©

Where, 7 denotes loss factor, w denotes frequency w,

denotes resonant frequency, 6 denotes measured phase

angle.
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(measured frequency vs. modal data)

HPM MTEM & MAEM
: l
data range fix select modal circle vector
& find . .
resonl:nce proper DOF plot d(Ifflr?" ﬂlcll’f dflrfmm,
fr for curve fit in, df., fr)
equency T
find modal circle fit
curve fit by Symmetric HP (B_E 9E B_E)
polyfit & check routine da’ ap’ ac
polyval function

Tangent Error Method routine

(P, tangent error, phase angle,
find new max. & exciting freq, resonant freq)
hp(max.-3db) data 5
L& find minimum Tangcnt Error
bandwidth = hfreg-lfreq (emin, fr, If = sz Lem2)
loss factor =
bandwidthires.freg Minimum Angle Error Method

routine 1(n=1:n-1, sum of squares
of error, iteration routine)

| (dIf, Ilo, Ifhi, err2, I, ) |

PCM Routine
—w; 1

[

MAEM routine 2
(n=1:n-1, sum of

—. P B squares of error,
2rfE ¥ < : 5
|| loss factor= frlo, frhi, df iteration routine)
bandwidth/resfreq
A

L

find modal parameters
check
resonant frequency & res. freq & et
loss factor (measured, curvefitted) ’

Fig. 7. Flowchart of loss factor evaluation(HPM,
Combination of MTEM & MAEM & PCM)
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T wafjA, = gko] Agel 9ol A FE
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3.5.2 Al Al AH

freta el igdelee 74 iAol whel 14
Aol AAAG7E dasteg wxAle] AHATE A
ok 3} o] Oberstd]S AM&-3te] F+& 4= 9ok

Oberst beam¥} 7o) 3ol 7H2] A2]€ o] 74
Ag= A7)l skl Lojxitie].

_ 1+EH 3+6H+4H*+2EH*+ E*H* )

e T TER \ 1+ 2EH(2+ 3Ht 2HY)+ B H

Where, 1, denotes loss factor of coated beam, 7,
E,/E

m

denotes loss factor of coating material, E=
denotes Young’s Modulus ratio, H=h/h,, denotes

thickness ratio(m: metal, d: damping material).

o 7143} 744
CEEEEEE D

Aeld We] SAE gagornt
A2 A} &2 e Al (dynamic
modulus)E T& 4= ST} Table 2 Oberst 2}(7)< ©]
gato] gk R G 7 Ae] T4 5A4A ghEelt) o)
F& AREE AR 7 AFE 026 ~ 0352 Tk

A e
S|

Table 2. Dynamic parameter determination: coating material

properties

Average of Oberst Calculation

Specimen measfurid loss Modulus s
actor (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

4. 74 AdE el A ot
ZgofAlel nhE e A RIS Fol7] e
el 22AE A Tol EEaol gtk oleld
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EEAA(AN/AEANEZIHE 2} w734
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