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Analysis of the Meaning of Singing Bowl Sounds
on the Effect of Meditation
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ABSTRACT

The singing bowl, also called Tibetan meditation bowl, is a tool used for meditation. It produces
a unique sound when rubbed that is believed to promote a state of mental calm. Currently, there is
no research about how this type of sound actually affects people’s minds. This study was, therefore,
initiated to investigate the relationship between the sound of the singing bowl and its commonly held
beneficial effect, starting with an investigation into the subjective meaning of the singing bowl to
users. An evaluation was carried out to better understand the experience of the sound of the singing
bowl using Korean adjectives, and the meaning structure was analyzed using a factor analysis. Three
factors were extracted as significant to users: a sense of calm, a sense of mystery, and a sense of
reverence. These three factors appear vital to the meditative effect of listening to the singing bowl
sound. Future studies are required to consider the relationship between each factor and the con-
tribution of each factor to the total effect. However, this novel study lays an important foundation

for deeper investigation.
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Table 1 Picture of sound producing by rubbing bowl
(https://www.youtube.com/watch?v=0CPoG3

EGwVw)

Bowl type

Picture

Type 1

Type 2

Type 3

8500

Ceiling height : 2700

®

O Loudspeaker
O Mic. position

@

Q

@

Chair position

9800

o

Fig. 1 Lecture room and measuring positions
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Table 2 Sound quality index by singing bowl types

Sound Singing bowl

quality Unit

index* Type 1 Type 2 | Type 3
Loudness sone 6.29 8.86 7.43
Sharpness | acum 0.42 0.51 0.58
Fluctuation | . | 0,08 1.08 0.99
strength

Tonality tu 0.42 0.55 0.44
Roughness | asper 12.19 11.74 12.02
Unbiased |, 1247 | 2644 | 2140
annoyance
* SAAG A9(stEtvEl = DUOO1 dB)IA S43 &

dBtrait32]1 4 &3 7<)

- Loudness: $ollU]¢] Hma2A Algh Aol oJs) 7%=
Agl9 AEE Ui A4S

- Sharpness: 422]9] Y724 A=E Uehlle A4

- Fluctuation strength: Roughness$} 7|34 0 & §-A}3}4]
v 20Hz7HA &9 e HEW Z(slower amplitude

modulatlon)°ﬂ st 374 °]X] HehdlE A5
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st &of 2~HERA 2 245 APk AF
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-U. A.: Unbiased Annoyance, A2°] drl B34 =
ZAEHE 2o, Zwicker loudness, fluctuation strength,
sharpness/] 7E sto® ¥y
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Table 3 Detail of questionnaire for each stage

. Questionnaire | Survey
Stage| Purpose and subjects contents period
- To get adjectives 1. 361 adjectives
expressing singing bowl | 2. Department,
10.31
(frequency) age, gender -
Ist |- University student 64 3. Proper
. 11.1.
person (male 38, female adjectives (2017)
26) with average 21 years
old
- To get adjectives 1. 100 adjectives:
expressing singing bowl from the result
(frequency) of 1st survey 17
2nd |- Meditation class student |2. Occupation, (20i7)

11 person (male 2, female| age, gender
9) with average 55 years |3. Proper
old adjectives

- To evaluate of singing 1. 16 adjectives
bowl sound (Likert scale) | 2. Evaluation for | 11.14

- University student 63 the singing ~
person (male 40, female bowl sounds 11.16
23) with average 21 years (2017)
old with meditation

3rd
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Table 4 Frequencies through two surveys of vocabularies proper for the evaluation of singing bowl sound

Adjective reaneney Adjective L Adjective Frequency Adjective Frequency

Ist | 2nd Ist | 2nd Ist | 2nd Ist | 2nd
FrgehAssiet| 25 | 0 7138k 21 1 AG 1| 2 ofjgkzr} 11 1
7heret 14 | 1 7] Bst 32 | 2 | FuAzsg | 13 | o ol ujj5}c} 121 o
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Zrdsitt 11 4 wAt} 13 0 ) okglr} 9 0 <A s} 10 1
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A&}t 12 2 wsith 12 0 MEFEo} 20 | 2 o930 17 2
A&H Tt 30 1 GxE 14 0 A5t} 21 0 L Eiaat 22 0
Azsitt 14 | 0 gestt 13| 1 AR 10 | 0 Axkatt 15 | 3
st 17 | 3 EEs}t} 10 |3 7M1 13| 1 Ar ik 17 | 0
=it 21 1 EHo|t} 9 0 A7 16 | 0 A&t 10 1
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Table 5 Likert scale for the evaluation of singing bowl
sound (3rd survey)

Extremely Not at all

Adjective 5 - 4 - 3 - 2 -1

Table 6 Average scoring by adjectives

Adjective Average score S.D.
Akt 244 1.19
AAs 3.05 1.22
Q3 3.09 1.25
188 3.00 1.14
Zoldtk 2.99 1.11
53t} 2.64 1.19

o 267 1.11
ahske=s 3.14 1.04

Bobg st 271 1.12
sttt 2.99 1.06
Al Ft 2.67 1.10
A ¢ 3jt} 2.94 1.14

S A} 3.54 1.13
R nes 3.04 1.10
7)) 3.04 1.12
23} 2.87 1.19

(spirituality)ﬂ]r AdAHE Q0lo7 AlgHCT} olgt &
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Table 7 Result by factor analysis

L Factor _
Adjective Naming
1 2 3
23} 0.829 | -0.060 | 0.056
ZpE-shet 0.762 | -0.056 | 0277
RIA R 0.747 | -0.003 | 0.361 o
g
223t} 0.744 | -0.035 0.113
Sdsitt 0.604 | 0.130 0.316
= 0.582 | 0.189 | 0.213
74t -0.523 | 0.504 | -0.093
v B3} 449 409 -0.280
=531t} -0.164 | 0.758 0.036 AR 24
AlH)FTh 0.271 0.736 0.096
4] 9 5t} 0.170 | 0.633 | -0.024
SHAAY | -0.079 | 0.531 0.122
Rik = 0.344 | 0.077 0.687
ot 0.041 | 0387 | 0669 | Zo|sle
5k 0.484 | 0.105 0.624
Bokgaitt | -0.190 | 0262 | -0.500
Eignevalues | 4.926 2.506 1.209
0,
V”’. of 30.786 | 15.665 | 7.558
ariance
Cumplative | 30786 | 46451 | 54.009
Kaiser-Meyer-Olkin measure
; 0.824
of sampling adequacy
Bartlett’s Approx. Chi-Square 1037.39
test of df 120
sphericity Sig. 0.00
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Table 8 Correlation between adjectives and sound quality index

Adjective dB(A) Loudness | Sharpness F.S Tonality | Roughness U.A G
st 0.60 0.55 1.00 0.88 0.28 -0.47 0.72 0.84
ZFE-3het 0.34 0.28 0.97 0.71 -0.02 -0.19 0.48 0.96
g st 0.86 0.83 0.89 1.00 0.63 -0.77 0.93 0.57
2231t} 0.06 -0.01 0.87 0.48 -0.30 0.10 0.22 1.00
sttt -0.99 -0.98 -0.66 -0.96 -0.87 0.95 -1.00 -0.22
=S 0.50 0.56 -0.45 0.09 0.78 -0.63 0.36 -0.82
st -0.77 -0.73 -0.95 -0.97 -0.49 0.66 -0.86 -0.69
v 23t} -0.43 -0.37 -0.99 -0.77 -0.08 0.28 -0.56 -0.93
S5t -0.37 -0.30 -0.98 -0.73 -0.01 021 -0.50 -0.96
214 Ft -0.71 -0.66 -0.98 -0.94 -0.41 0.59 -0.81 -0.76
4] 9 &t -0.47 -0.41 -1.00 -0.80 0.12 0.32 -0.60 -0.92
LA} -1.00 -1.00 -0.50 -0.89 -0.95 0.99 -0.98 -0.03
Zaz1stch -0.30 -0.36 0.64 0.13 -0.62 0.45 -0.15 0.93
Zolglch -0.85 -0.88 -0.02 -0.54 -0.98 0.92 -0.76 0.46
258 -0.18 -0.25 0.73 0.25 -0.52 0.34 -0.03 0.97
oty si) 0.99 1.00 0.40 0.83 0.98 -1.00 0.95 -0.08
Q1 AAF 220 tonality % roughnesssh A0l Al WA 291 AAFo R ek Anp o o)
=7 Yelgth o9} e Ads AR 8912 B 4ZE oA WS T v A a9E T
HEAS e E A9t AR e 3 dld 20l AL ols A 714 29 wjiEel Ao g Algd}
IRt aga g Y] 890 4] SA (B) 7 895 o|F+= FEAL S EYATH
LA Aol S-S HoFe Ao dddd) 18] o Ao 48 B3 AHATE AEsGlen, =
ool gt A EACE Eelal AR 5] Al B IAIE EIEgioy uldom HeAds o
N7t 3700lH, 2ol W2 o] EAFate] o Tlde 2] Akl o mE SRRk
o] BEslo] 1 AAE dtslsle A2 ohh FErt vt o] A& o AlmE o] 5 Aol A&H o

chest gk

(1) B84 oIFE HYRE 1T = QY Aoz
A% 16702 Fa5glon, A HuE TR 4
2go AGHI

@ 492 aelol Ue HAHanE 2R sl
o Al 749 folow FH % gtk 3 WA &

Qe Age] aglojgle

=l
—r
)
=2
fo
rO
rlo
=
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lj-[o

= 7|
of =i 20179% SAUEN Sl A4
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Avjska A4t w4 AU
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Optimal Design of MR Brake with Magnetic Coils Located on the Housings
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Key Words : Magneto-rheological Fluid(MR +#]), MR Brake(MR E.#]°]=1), Magnetic Coil(A}7] = ¥), Multiple
Coils(ths 7¥), Optimal Design(Z 24 7))

ABSTRACT

This work presents a new design structure for a magneto-rheological brake (MRB) with magnetic
coils located on either side of the housing. With this structural configuration, the designed MRB is
expected to provide higher braking torque at a more compact brake unit size than can be offered by
conventional MRBs in which the magnetic wire coils are wound onto the non-magnetic bobbin. The
working principle underlying MRBs is briefly outlined, and thereafter, the Bingham-plastic rheological
model of MR fluid braking torque is used to calculate the braking torque of the MRBs under
consideration. To determine the principal design parameters, an optimization is undertaken by consid-
ering the minimum mass of the new brake necessary to meet the torque requirement. To demonstrate
some of the intended merits of the proposed design configuration, a comparison between the pro-
posed MRB and the existing conventional MRBs is drawn. It is shown that the proposed MRB can
provide both a much higher torque level and a wider torque control range than can be achieved by
conventional MRBs.
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Fig. 3 Optimization solution of the MRBs with required
braking torque is 10 Nm and the MRF duct size
is 0.8 mm
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Fig.4 Magnetic flux density of the brake at the
optimum
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Table 1 Optimal solution of the MRBs when the required torque is 10 Nm and the MR duct gap is 0.8 mm

MRB types Design parameter (mm) Characteristics
Coil: Width w.=6.6; Height h.=4.6 Max. torque: 10 Nm
Radius Ry, = 54.2; No. of turns: 116 Mass: 1.69 kg
Conventional | Housing: R;=6, R=65.2, t,=7.2, L=20 Off-state torque: 0.08 Nm
Disc: Radius R;=13.1, R;=53.8; Thickness t;=4 Power cons.: 15.17 W
MRF duct gap: 0.8 Coil resistance(Q): R.=2.43
Coil: Width w.=3.1; Height h. ,=8.2; Max. torque: 10 Nm
Radius R.;=45; No. of turns: 2*¥96=192 Mass: 1.69 kg
Single coil | Housing: R,=6, R=58.8, ,=6.3, L=20.7 Off-state torque: 0.09 Nm
Disc: Radius R;=31.8, R;=57.3; Thickness t;=6.4 Power cons.: 21.8 W
MRF duct gap: 0.8 Coil resistance(Q): R.=1.75
Coil: Width wy = we=3.1; Height h, =6.6; ho=7.2; hs=72 | Max. torque: 10 Nm
Radius R.;;=15.6, Rp;=31.7, Rs;=48.2; Mass: 1.28 kg
Three-coil No. of turns: 2*(78+84+84)=492; Off-state torque: 0.08 Nm
Housing: R,=6, R=59.6, t,=4.9, L=155 Power cons.: 40.7 W
Disc: Radius R;=8.6, R;=58.1; Thickness t;=4 Coil resistance(Q): R, =0.5, R,=1.1,
MRF duct gap: 0.8 Rs=1.6
16 : ) ; ; 15
s
i Conventional — Conventional -
iy 14 = = = Single side coil E = = = Single side coil /-’
2P 124 == Triple side cail = == Triple side coil e y
el w 104 .
2 104 E.
Z 5 g
S ] 2
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0 - - : : 0
20 4p 60 20 100
Breaking Torque (Nm) Breaking Torque (Nm)
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- ; ; i i
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E 60+ é 204
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3 & 104
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o T r T T o y
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Fig. 5. Optimal results of the MRBs as a function of maximum braking torque with d=0.8 mm
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ABSTRACT

Dynamic vibration absorbers (DVAs) have long been used to suppress excessive vibration in struc-
tural systems. This paper deals with a dynamic vibration absorber system comprising both a transla-
tional absorber and a rotational absorber for vibration control of a plate. First, it is proven that the
combined translational and rotational DVAs of the absorbers with no damper can effectively isolate the
vibration for a specific vibration control-area of the plate. Then, the damping’s role for the combined
DVAs is investigated to facilitate increased robustness of the DVA system to withstand variation of
excitation force frequency. The determined optimization is then performed, and used to find the opti-

mum parameters for the combined DVAs.
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Table 1 Properties of plate and DVAs

Notation Value
p 2710 kg/m®
a, b Im
Plate h 0.003 m
69 GPa
v 0.33
Translational DVA my 0.4kg
Rotational DVA Jp 0.01 kg/m®
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Fig. 5 Vibration amplitude of the plate with undamped
translational and rotational DVAs at the excitation
frequency (110 rad/s)
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Vibration Analysis for an Ultrasonic Transducer Coupled
with Interior and Exterior Piezoelectric Discs
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ABSTRACT

This research deals with an ultrasonic transducer coupled with piezoelectric discs of two types, solid
and hollow. The interior solid disc is an exciter and the exterior hollow disc is an ultrasound sensor.
The characteristics of the radial and axial vibrations in the axisymmetric motions were investigated the-
oretically, and verified experimentally. The piezoelectric governing equations were derived theoretically
by virtue of mechanical displacements and electric potential, and their solutions produced characteristic
equations yielding natural frequencies. The theoretical analysis was enhanced by three-dimensional
mode shapes obtained using finite element analysis. The experimental results verified the theoretical
analysis. Another experiment showed that the transducer excites ultrasound at the interior disc, and
senses it at the exterior disc. The study showed that an ultrasonic transducer coupled with piezoelectric
solid and hollow discs could be designed by determining a suitable diameter for each disc.

2
of wEE ¢ Awu} Bgro] AFH 290 EALFAZ BEL UR dwe 233 7t
A7)l 9% fRe FAVolth FU1Y LFNA WAWFY FYG AF SHL o|EHow
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2 4 A =AYk
J, K . Bessel functions of the first kind
Nomenclature .
Vo : Applied voltage
C : Speed of wave propagation a b : Inner and outer radii of the discs
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. Elastic stiffness

(o}

: Piezoelectric stress constant
: Natural frequency

: Wave number

: Thickness of the transducer

~ = T 0

: Radial displacement
: Electric potential
: Mass density

: Normal stress

2 QA ™ o

: Angular velocity

1. Introduction

Piezoelectric discs are used in many ultrasonic
sensors’”). In many cases of distance measurement,
such as liquid-level measurement® and vehicle ob-
stacle detection®?, a piezoelectric transducer simul-
taneously plays the role of an ultrasound transmitter
and receiver. Some transducers consist of a single
piezoelectric disc that alternately generates and re-
ceives ultrasound®®. They have to use special sig-
nal forms to prevent overlapping transmission and
reception signals. Others consist of a couple piezo-
electric discs located nearby each other, where one
generates and another receives ultrasound”. They
have slightly different transmitter and receiver cen-
ter locations. This work aims to design a disc-shape
transducer consisting of separate transmitter and re-
ceiver which have same operating frequency and
same center location.

Kim et al.”®) studied the radial-mode in-plane vi-
bration characteristics of piezoelectric disc trans-
ducers. They reported theoretical and experimental
results for the natural frequencies and mode shapes.
Piao et al. presented the radial vibration character-
istics for ring-shaped piezoelectric transducers. Li et
al.”’ considered concentric electrode patterns on
ring-shaped piezoelectric transducers and reported
vibration characteristics obtained using finite ele-
ment analysis. These literatures considered either a
disc or a ring made of piezoelectric material. Theo-
retical approaches concerning piezoelectric disc vi-

bration characteristics appear in much of the litera-
tures. Meitzler et al.® explained the coupling factor
of radial modes in piezoelectric discs. Kunkel et al.”)
showed the dependence of the vibrational mode on
the disk diameter-to-thickness ratio calculated by the

l.(IO)

finite element method. Lee et a reported vibration

characteristics depending on the thickness-graded

material properties. Ho'"

presented a generalized
form of Hamilton’s principle for a coupled electro-
mechanical system. He compared theoretically and
experimentally obtained impedance curves. Lin and
Ma"? compared experimental results obtained using
several techniques with numerical ones. They dis-
played mode shapes qualitatively to show vibration
distribution. Piezoelectric rings, which mean hollow-
disks, were also considered theoretically in much of

(1.1314) =13 considered

literature The previous works
only a single disc or ring.

Based on the analysis for a single piezoelectric
disc, Piao and Kim studied the vibration character-
istics of a piezoelectric disc covered with an elastic
disc"” and a stack transducer made of two piezo-
electric discs and coupled axially''®. Guo et al.'”
used finite element and modal analysis to predict
the piezoelectric disc vibration characteristics. In
that study they identified five types of modes, in-
cluding radial mode, according to the mode shape

(% introduced a

characteristics. Heyliger and Ramirez
numerical model to compute natural frequencies of
free vibration of laminated circular piezoelectric discs.
They combined one dimensional finite elements in
the thickness direction for approximation and analytic

functions in the plane. Wang et al.'”

investigated
resonance frequencies of piezoelectric hollow-disc
stack. Laoratanakul and Uchino® fabricated the
laminated piezoelectric devices and designed a high
power transformer. These stacked transducers includes
the piezoelectric discs or plates with the same sizes
in thickness and planar dimensions.

The transducer suggested in this paper is com-
posed of radially coupled interior and exterior piezo-
electric discs. The interior disc is solid and transmits
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ultrasound. The exterior disc is hollow and receives
the returning ultrasound. The hollow disc is also called
ring shaped. This research investigates the vibration
characteristics of the transducer theoretically, numeri-

cally and experimentally.

2. Theoretical Analysis

As schematically shown in Fig. 1, an ultrasonic
transducer consists of piezoelectric interior and ex-
terior discs; a and b are the inner and outer radii,
and [ is the thickness. The adhesive thickness be-
tween the discs is about 10 um, and it is negligible
compared to the PZT disc diameter, which is larger
than 15 mm. The transducer is coated with electrodes
uniformly on each surface at z=0 and /. The piezo-
electric differential equations are derived in terms of
radial and axial displacements of motion and elec-
tric potential. The equations satisfying boundary con-
ditions are solved to obtain characteristic equations.
Radial modes of in-plane vibration are considered in
the analysis, and the result predicts vibration charac-

teristics depending on the geometric parameters.

exterior disc

interior disc

(a) Top view

electrode
\\ 17

N\ 7

(b) Side view and coordinates

Fig. 1 Schematic diagram of the ultrasonic transducer
of interior and exterior piezoelectric discs.
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The constitutive equations for piezoelectric discs
are summarized in the Appendix. The equation of
motion is derived from force equilibrium in the ra-
dial direction as follows®":

o0, 0,—0 %
=p— 1
ar + r ot M
where p is the mass density. Egs. (A8a) and (A8b)
are inserted in Eq. (1) and yield the following gov-
erning equation for the interior disc (¢=1) and ex-
terior disc(i=2):

2 2

o'u, 1 ou; u; 1 97u,
o= (=12) ©

r Cr oot

orr 1 or

where ¢ = [(Cfl)i/pir/z

, which is the speed of wave

propagating in the radial direction.
The radial displacement at the center is zero and
circumferential outer face is free of traction. Boundary

conditions are therefore
ul(O,z,t):O at r=0 (3a)
0,5(b,z,t)=0 at r=0b (3b)

At the interface of the two discs, the radial displace-

ment and normal stress are continuous; therefore,

ul(a,z,t): uZ(a,z,t)
and o,,(a,z,t)=0,,(a,z,t)
at r=a

(e,d)

When the electrodes are derived by the voltage of a
harmonic function of time with frequency o, the dis-
placement u and electric potential ¢ are also regarded
as harmonic functions with the same frequency. It was
reported that the radial displacement does not de-
pend on the axial coordinate z in a piezoelectric trans-
ducer excited by a uniform electric field in the thick-
ness direction™®. Therefore, via separation of varia-
bles u(rt) and o,(r,{) can be expressed as follows:

ui(r,z,t)z (r)e™ (i=1,2) (4a)

i

o (rat)=0 (re (i=1,2) (4b)
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The electric field is regarded to vary linearly in the
thickness direction, and it is expressed as
| 75
o(zt)= >z ®)
Eq. (4a) is inserted in Eq. (2) and yields the follow-
ing Bessel equation:
r?U" +r

i

+(RPE-1)U=0 (i=12) (6

where k(= w/C;) is the wavenumber. This equation
describes the radial mode of the transducer related

to the radial boundary conditions. Egs. (3a) ~ (3d)

reduce to
U,(0)=0 at r=0 (7a)
U= U and 5,@=05l0)
at Tr=a
7,.5(b)=0 at r=b> (7d)

For the interior disc, the solution of Eq. (6) with the
boundary condition (7a) has the following form of

radial motion®:
Uy(r)= A4 (kyr) ®)

where J; is the Bessel function of the first kind of
order 1. For the exterior disc, the solution of Eq. (6)

has the following form of radial motion®:
Up(r)= Ay (kyr) + By Y, (Kor) €))

Inserting Egs. (8) and (9) into Egs. (7b), (7¢), (7d)
yields the following equations:

Ay (kja)= Ay (kyr) = By Y, (kya) = 0 (102)
A Fkyja)— AyF [ kya)— ByFy(kya)= (10b)
A, F (kob)+ ByFy[ k)= (10c)
where
Lo
Ffkr)= T{ ch). [er(k r)— J(kir)]} (1)
+((’12)
1
Fyfkir)=—- (ch), [k Yo k)= Yi(kr)] (11b)
—0—(0{”2) Y(kir)

The condition for Egs. (10a), (10b), (10c) to have
nontrivial solutions yields the following character-
istic equation:

A = J(kja) A= Ffkja) Ay =0 (12a)

where

A = Fy(kya) F(kyb)— F [ kya) Fy{kyb)
= Fy(skia) Ffaskya)— Ff(shia) Fy{gshya) (2

and

Ay = Y (kya) F i kob) = Jy(kya) Fy(kyb) (120)
= Y,(sk,a) F[qsk,a)— Jy(skya) Fy{qsk,a)

where radius ratio ¢= b/a and property ratio s =
ko/ k.

The expressions of A, and B, in terms of A; are
inserted into Eq. (9), and then

A
Uy(r)= = F (kya) [~ Fy{k;b) J; (kyr a
Sl o) o
or
A,
Uy(r)= 2 J,(kya) [~ Fy k) J, (or
R et | I

The natural frequencies of the radial mode can be
calculated from Eq. (12). Frequency f is related with
wavenumber k; and wave speed C; as follows:

e

= (14)

3. Numerical Calculations

The theoretical analysis described in Section 2 is
the basis for numerically calculating the vibration
characteristics of the transducer in this section. The
theoretical results are enhanced by a finite element
analysis as a complementary work.

3.1 Theoretical Calculations

The diameter and thickness of the transducer speci-
mens composed of the piezoelectric discs are listed
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in Table 1. The outer diameter is 10 times larger than
the thickness. Three specimens are shown in Fig. 2.
The interior disc material is PZT-4. This material is
a hard piezoelectric ceramic usually used in ultra-
sonic actuators. The exterior disc material is PZT-5A.

This material is a soft piezoelectric ceramic usually

Table 1 Sizes and material of piezoelectric disc speci-

mens
Size (mm)
Specimen | Quter diameter, | Inner diameter, | Thickness,
2b 2a l
A 30.0
B 353 15 2.0
C 38.0
[ ]

§
§

(a) Specimen A

(¢) Specimen C

Fig.2 Specimens of an ultrasonic transducer
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used in ultrasonic sensors. Their properties are well
known and listed in Table 2. The material properties
in Table 2 were converted for insertion into the equa-
tions, and the resulting properties® are in Table 3.

Table 2 Material properties of PZT-4 and PZT-5A

Values
Properties
PZT-4 | PZT-5A
Mass density
(x10° kg/m®) P 7.60 7.70
55 1230 | 16.40
_ sh, -4.05 | -5.74
Mechanical Elagtlc sﬁ 531 722
compliance =
(x10™2 m¥/N) S33 15.50 18.80
st 39.0 475
St 329 | 443
. E
Dielectric | _Relative Ky 635 | 830
permittivity (: es/e 0)
El Piezoelectric el -1230 | -1710
meci(:rrl(i)c:al strain constant ds3 289 374
(<10 C/N) dhs 49 | s84

Table 3 Material properties of PZT-4 and PZT-5A,
converted from the properties in Table 2

Values
Properties
PZT-4 |PZT-5A
& 139.0 | 1204
& 77.8 752
Mechanical Elastic stiffness o 74.3 75.1
(x10° N/m?) £ 1154 | 1109
& 25.6 21.1
ks 30.6 226
. . Permittivit
Dielectric (x10°C? /N '}r]nz) 8§3 5.62 7.35
Elect Piezoelectric Gi -5.20 -5.40
cetro- stress constant 33 15.10 15.80
mechanical C/m?
(C/m’) es | 1270 | 1230

Table 4 The values of kja calculated from the charac-
teristic equation

kia values
Radial mode number
q=2.0 q=2.4 q=2.5
1 0.96 0.80 0.74
2 2.47 2.09 1.94
3 3.99 3.33 3.07
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The unknown variable kja in the characteristic
equation ‘2
We used Mathematica'

results are displayed in Table 4.

can be determined using a numerical tool.

2 in this work. The calculated

3.2 Finite—element Analysis

The theoretical analysis explained in Section 2
has the advantage that the expressions can be con-
veniently used to calculate the natural frequencies
and mode shapes. However, the analysis has the
disadvantage that the real physical phenomenon was
simplified by some assumption. Therefore, the theo-
retical analysis was complemented using a finite el-
ement analysis. Then the analysis results were com-
pared with the experimental ones.

We used a commercial software ANSYS to cal-
culate natural frequencies and mode shapes. Modal
analysis and harmonic analysis were carried out with
suitable boundary conditions. Mechanically, all outer
boundaries are traction free. Electrically, a uniform
electric field is formed in the thickness direction by
the electrodes on the top and bottom surfaces of the
transducer. The analysis model of specimen A is
shown in Fig. 3 for example. It consists of 10 668
nodes and 9504 SOLIDI85 elements.

The results of the harmonic analysis are displayed
in Fig. 4 in the form of impedance curves for three
specimen models. The curves of impedance magni-
tude indicate the resonances of the transducers at the

minimum points.

Fig.3 A finite element model of specimen A

4. Experiments

This section experimentally determines the ultra-
sonic transducer vibration characteristics using two
methods. The specimens used in the experiments were
listed in Table I and shown in Fig. 2.

4.1 Impedance Analysis

We used an impedance analyzer (Agilent Techno-
logy 4192A) to measure natural frequencies. Measure-
ments were carried out with three pieces of three
kind specimens. The experimentally obtained impe-
dance curves using one piece of three specimens
are displayed in Fig. 5. The minimum points of the

impedance magnitude curves indicate the resonances.

4.2 Laser In—plane Interferometry

The shape of the first radial mode was measured
by laser interferometry. We used a laser in-plane
vibrometer, which consists of Polytec LSV-065-306F
optical sensor head and Polytec OFV-3320 controller.
As described in Ref. [5], the apparatus measured the
velocity of the moving plane normal to the central

10° . : .

——specimen A
fffff specimen B

a . - — specimen C

= 10" j

@

Ee]

=2

c

(=]

S 3

= 10

[(b]

(&1

o

©

Ee]

a

E 10°

10’

0 100 200 300 400 500
Frequency (kHz)
Fig.4 Impedance curves obtained by finite-element
analysis of ultrasonic transducer of two piezo-
electric discs of various thicknesses
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102 T T T Waveform Generator Ultrasonic
(Aglilent 33220A) Transducer
<) v
=
('] 1 Laser In-plane
g 107 F E Vibrometer
c
o
'EU Senser head
o (Polytec LSV-065-306F)
(5]
@
32 10° |- . Signal Analyzer ‘Controller
E' (B&K 2035) (Polytec OFV-3320)
Fig. 6 Experimental equipment with a laser in-plane
vibrometer
‘]0'1 | [ | 1
0 100 200 300 400 500 Waveform G ) oscill
averorm Generator scilloscope
Frequ.ency (kHz) (Aglilent 33220A) (Tektronix TDS3032)
(a) Specimen A
10° . . . v
High Voltage Conditioning
Amplifier Amplifier
6:“ (Eliezer HA400) (B&K Nexus)
3
2 q
5 10| _
.*é' h 4 Propag_at\'on
> Transmitting | ____ nar N Receiving
= Transducer Transducer
(']
(%)
_§ 0 Fig. 7 Experimental equipment for wave transmission
"é.’_ 0k E and reception
line of laser beams. The experimental equipment was
107 s i i i connected as shown in Fig. 6.
0 100 200 300 400 500 p
Frequency (kHz) A waveform generator (Agilent 33220A) generated
(b) Specimen B electric signals with variable frequencies and a con-
102 stant voltage onto a transducer. The controller output
T T T

was monitored on B&K 2035 signal analyzer. The
measured amplitude was proportional to the vibration
velocity, and it was converted to the vibration dis-
placement. The measurement was performed along
a radial line from the center to the outside at every
1 mm. The vibration amplitude was measured and

normalized to the maximum amplitude.

Impedance Magnitude (k)

4.3 Transmission and Reception
of Ultrasound

10" : : : ' th iment f t trate th

0 100 00 300 200 500 Other experiment was performed to demonstrate the
Frequency (kHz) separate transmission and reception of ultrasound in

(c) Specimen C a transducer. The experimental equipment was com-

Fig. 5 Impedance curves obtained by experiment posed of the devices as shown in Fig. 7. The trans-
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ducer specimen chosen for the experiment is type C
in Table 1. The interior solid disc of the transducer
is a transmitter, and it is excited by the high fre-
quency signal generated and amplified by a wave-
form generator and high voltage amplified, respec-
tively. The signal is one-period harmonic wave of
55 kHz, which corresponds to the fundamental fre-
quency of the transducer. Fig. 8(a) shows the signal
exciting the interior solid disc of the transducer.

120"'!"‘!"'!"‘!'
s “oF ]
[(F]

o
=2
2
£
<L

| I
0.0 02 0.4 0.6 0.8 1.0

120 5

Time (ms)
(a) Signal transmitted at the inner disc

8

6 3

[#5]
[#]
[#8]
—
an

A
\ 4

"

Amplitude (mV)

8 i i i i
0.0 0.2 04 0.6 0.8 1.0
Time (ms)

(b) Signal received at the outer disc of the
transducer apart 130 mm from the first one

Fig. 8 Ultrasound signals transmitted and received at
the transducer (type C in Table 1)

Second transducer of same type was located at a
specific distance from the first transducer. The exterior
hollow disc detects the ultrasound and converts it to
the electric signal. Fig. 8(b) shows an example of
the received signal monitored at the oscilloscope.
The time 383 us corresponds to the flight time of
the wave to 130 mm at the speed 340 m/s with the

error less than 1 %.

5. Results

Natural frequencies calculated from Eq. (14) are

listed in Tables 5, 6 and 7 for various values of the

Table 5 Comparison of radial mode natural frequencies
obtained by theoretical calculation, finite ele-
ment analysis, and measurement for specimen

A(¢=2.0)
Radial Fundamental frequency (kHz)
mode
number Calculation FEA Measurement
1 70.6 70.6 70.3£1.2
2 181.8 180.6 184.7+£1.2
3 293.2 288.7 -

Table 6 Comparison of radial mode natural frequencies
obtained by theoretical calculation, finite ele-
ment analysis, and measurement for specimen

B(¢=2.4)
Radial Fundamental frequency (kHz)
mode
number Calculation FEA Measurement
1 59.1 59.2 60.1+1.4
2 153.6 153.1 164.2+0.3
3 244.5 241.8 -

Table 7 Comparison of radial mode natural frequencies
obtained by theoretical calculation, finite ele-
ment analysis, and measurement for specimen

C(g=2.5)
Radial Fundamental frequency (kHz)
mode
number Calculation FEA Measurement
1 54.6 54.7 55.2+0.8
2 1424 142.1 153.3£0.9
3 225.7 224.6 -
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Fig. 9 Mode shapes of the radial first mode in
specimen A

radius ratio ¢. They are compared with the finite el-
ement analysis and experimental results in the ta-
bles and discussed in Section 6. Mode shapes are
calculated from Eqgs. (8) and (13), and the results
are displayed in Figs. 9(a) and 10(a).

The first mode shape is compared with the finite
element analysis and experimental results in Fig. 9(a)
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Fig. 10 Mode shapes of the radial second mode in
specimen A

and discussed in Section 6.

Figs. 9 and 10 display the mode shapes of the ra-
dial and axial vibrations in the radial first and sec-
ond modes. The axial vibration in the interior disc
would be used to radiate ultrasound into the air. The
axial vibration in the exterior disc would be used to
detect ultrasound from the air.
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Fig. 11 Comparison of natural frequencies obtained by
calculations, finite element analysis, and meas-
urements for the radial first and second modes
of three specimens

6. Discussions

The natural frequencies and mode shapes ob-
tained theoretically in Section 3 and experimentally
in Sections 4 are compared with each other in this
section.

The natural frequencies of the in-plane radial
modes obtained by calculations, finite element anal-
ysis, and measurements are listed in Tables 5, 6 and
7 for three specimens. The theoretical and experi-
mental results agree well within a 3.2 % discrep-
ancy of each other. The natural frequencies listed in
Tables 5,6 and 7 are displayed in Fig. 11. It is
clearly shown that the natural frequencies are small-
er when the outer radius of the piezoelectric disc is
larger. This trend is same as that observed for a
single piezoelectric disc®.

The radial in-plane motion of the first radial
mode obtained using the laser vibrometer was com-
pared with the calculated results in Fig. 9(a). It is
observed that the results agree well within 1.0 %
with each other. In addition, the displacement dis-
tribution was not monotonic from the center to the

outer surface. The location of the maximum ampli-

Table 8 Comparison of radial mode natural frequencies
obtained by theoretical calculation, finite ele-
ment analysis, and measurement for specimen
A made of PZT-4

Radial Fundamental frequency (kHz)
mode . .

. Single disc
number | Calculation | FEA | Measurement (erllon mibmn)
1 75.9 74.7 67.7+1.2 76.1
2 198.2 184.9 177.3£2.1 198.4
3 315.1 268.8 - 3153

Table 9 Comparison of radial mode natural frequencies
obtained by theoretical calculation, finite ele-
ment analysis, and measurement for specimen
B made of PZT-4

Radial Fundamental frequency (kHz)
mode : :

. Single disc
number | Calculation | FEA | Measurement (calculation)
1 64.5 64.7 57.7£2.5 64.7
2 168.5 162.6 160.1+6.1 168.6
3 267.8 245.5 - 268.0

Table 10 Comparison of radial mode natural frequencies
obtained by theoretical calculation, finite ele-
ment analysis, and measurement for specimen
C made of PZT-4

Radial Fundamental frequency (kHz)
mode . .

. Single disc
number | Calculation | FEA | Measurement (Calcalaton)
1 60.0 59.6 54.7+0.6 60.1
2 156.5 149.4 146.3£1.0 156.7
3 248.8 225.6 - 248.9

tude is 0.7 % away from the perimeter, as observed
in a single disc®.

If the material of the exterior disc is same as that
of the interior disc, the characteristics of the trans-
ducer are the same as those of a single piezoelectric
disc. This statement was confirmed by repeating the
calculations and measurements of natural frequencies
with the specimens of interior and exterior discs made
of PZT-4 only. The results, listed in Tables 8, 9 and
10, were compared with the natural frequencies of a
single piezoelectric disc having the same radius as
the outer radius of the exterior hollow disc.
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7. Conclusions

This research presented the vibration characteristics
of an ultrasonic transducer composed of interior and
exterior piezoelectric discs. In-plane radial vibration
characteristics were investigated theoretically and ex-
perimentally, and natural frequencies and mode shapes
were compared.

In the theoretical analysis, the equations of piezo-
electric motions were derived by using radial dis-
placements and electric potential. With boundary con-
ditions the equations were solved and produced cha-
racteristic equations providing the natural frequencies
and mode shapes. In the experiments, the natural fre-
quencies were measured at an impedance analyzer and
the first radial in-plane mode were measured using a
laser in-plane vibrometer. The theoretical and experi-
mental results agreed with each other within 1.0 %.
Experiments also confirmed that the transducer trans-
mits ultrasound at the interior disc and receives it at
the exterior disc.

Similarly as observed in a single piezoelectric disc,
the radial vibration distribution of the first mode was
not monotonic from the center to the outer surface,
and the maximum amplitude appears 0.2 % away
from the outer surface. We found that the character-
istics of the transducer is similar to those of a single
piezoelectric disc.

The frequencies of the radial modes were shown
as a function of outer radius of the disc. It is con-
cluded that the vibration in the interior solid disc
would radiate ultrasound into air and that in the ex-
terior hollow disc would detect ultrasound from air.
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Appendix

A.1 Piezoelectric Constitutive Equations

Piezoelectric relations were well formulated from

the general electromechanical relation'. The piezo-
electric constitutive equations are expressed as fol-

lows:
T =cfS —e'E (A1)
D=eS +&E (A2)

where T, S, D, and E are the matrix forms of stress-
es, strains, electric displacements, and electric fields,
respectively. In addition, e is the matrix form of
piezoelectric stress constants, ¢” is the coefficient
matrix of stiffness with a constant electric field, and
& is the matrix of permittivity with constant strain.

Vibrations with axisymmetry can be formulated
with cylindrical coordinates 7,02z and time ¢ in
terms of radial displacement w(r, z, t) and axial dis-
placement w(r, 2, t). Normal strains ¢, &, ¢ and

shear strains yp,, 7., yw are related as follows:

8_u U ow

L= , =—, &, = — A3a,b,c
& ar -’ & r & 9z ( )
ou  ow
=0. =177 = Ada.b
Y. =0, 7., Py + o Y9 =0 (Ada,b,c)

Electric field FE, is related with electric potential
# (2, t) in the piezoelectric transducer as follows:
B = 99 (A5)
0z
Egs. (A3) ~(AS) are inserted in Egs. (Al) and
(A2) and they yield normal stresses o, gy, ., and

electric displacement D, as follows®™:

_F ou E|lU
g, CH(E +012(7)
o[ ow o6 (Aba)
tops P teg .
ou U
o=kl 5r)ret (]
5[ ow 6lo} (A6b)
toy 9z tes s
_FE ou E|lU
o, Pu(g)“’“m(?)
o[ ow 6 (Abc)
tegs 9z tegs e
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ou ow 1o
D,,:el,,(8 +W)_ fﬂ;(a—i’) (A6d)
U u
Dz_eal(E)Jr@gl(?)
ow o | o6 (A6e)
+633(§)*3§3(_z)
A.2 Constitutive Equations under Plane

Stress Condition
When the thickness of a disc is much larger than
its diameter, i.e. the diameter-to-thickness ratio is
bigger than 10, the disc is assumed to satisfy plane
stress conditions in the thickness direction, and
thus, 0.,=0. Eq. (A6c) is rewritten to present the
(8)

normal strain ¢g as

E E
ow Ci3 [ ou Ci3 [ u €33 [ O
A A AT
C33 Cs3 Cs3

Eq. (A7) is inserted in Egs.(A6a), (A6b) and
(A6e) and they are rewritten as follows:

o Io]
O :lel(a_l;)"‘clﬁ(% +e§1(3—f) (A8a)
o, =¢ (a—“)ﬂp (ﬂ +eb (%) (A8b)
07 2\ Gy u| 7, 31\ 5,
D =P 9u Ny 99
(| ar +egy r 33| 5z (A8c¢)

In Eq. (AS8) superscript p is used to define the
constants as follows:

(cf)?

B
C33

&= Cﬁ — (A9a)
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(cf)?
Ay =cly—— (A9b)
C33
B
C13€33
T iy (A9¢)
C33
o2
33
ey = ey +—7 (A9d)
C33
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Anchorage Load(d#]3}%)

ABSTRACT

In this study, a shaking table test was performed to analyze the anchor behavior with or without
rocking in the base plate of an electric cabinet. Two cabinets, differentiated by whether their base
plates were anchored or fixed, were mounted simultaneously on a shaking table to enable a compar-
ison of their behavior when subjected to seismic motion. Three seismic waves were used in this ex-
periment to facilitate temporal history and resonance search. Results indicated that the impact load
occurred due to mutual collision with the local mode of the cabinets’ internal components. Moreover,
in the case of a single-door cabinet with a bolt fastening, it was observed that rocking mode oc-
curred due to upliftment of the base plate. To address this problem the cabinet was tested again after
being reinforced and the results achieved before and after the reinforcement procedure were discussed.
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Fig. 1 Rocking mode description

Table 1 Specimens specifications

Dimensions (mm) Weight
Length | Width | Height | (k&)
Single door cabinet 800 800 2350 480
Double door cabinet | 1200 600 2350 549

Specimen
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Table 2 Seismic parameters of AC156 based on KBC

Sps | zh |Arrexn () | Arcn (8) |Arexv ()
055] 1 0.88 0.67 0.36 0.14

Aricv (g)

10'
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(=]
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—=—AC156(X,Y direction)
-® —#—Reg. 1.60(X,Y direction)
y —eo—UHS(X,Y direction)
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= # - Reg. 1.60(Z direction)

= ® = UHS{Z direction)
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3

-
<
)
Py

10°
107 10 107 2
Frequenecy [Hz]

Fig. 4 Required response spectrum (5 % damping)
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Fig. 5 Sensor location

Table 4 Sensor specifications

3 T d
o} Fn|y Ak 3].1;]-4 AHEYE A=s19 JE) Sensor Manufacturer Model
Al Kistler 8315A010D0TA00
Table 3 Test sequence A2 ~A3
A7 AL3 356A17
Accelerometer
Step Test name Ad~A5 PCB
356A16
1 X A8 ~All
2 Resonance search test Y A6, AL2 3713B1130G
LC1-1
3 V4 - _1LCI-8 et CWHI123-T10
oadce ace
4 Reg. 1.60 LC2-1 CWELTIO
5 Time history test UHS ~LC2-8
6 AC 156 LVDT D1, D2 TML DP-1000E
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Table 5 Resonance search test results

Resonant frequency (Hz)
. . Before After
Specimen Location . .
reinforcement | reinforcement
X|Y|Z|X]|Y|Z
Bottom jig (A2) [16.0/16.0{16.0|16.0|N/A|16.0
Double Inside Istory (A3) |15.0{16.0(26.0|15.0|18.8{32.5
door | Inside 2story (A4) [15.0/18.5/16.0|15.3]21.0(31.8
cabinet |7, o center (AS) |15.0]16.0|16.0|15.0/20.816.0
Top (A6) 18.0{16.0/16.015.0{20.8{16.0
Bottom jig (A7) |N/A|N/A|16.0|N/A|N/A|16.0
Inside 1story (A8) |N/A|44.3|49.8/16.0{16.0(22.3
Inside 2story
panel center (A9) 15.8/16.0{40.8|16.0{13.8(23.3
Single .
door | [Inside 3StORy gy 0/41.0(17.8]15.8/17.8(16.0
cabinet | P30¢ center (A10)
Door center (A11) |[N/A|20.3/16.0{16.0{16.3(16.0
Top (A12) 13.5/16.0|N/A|15.3|14.3]|16.0
Side panel center
(A13) 12.8]16.0|N/A|23.0/14.3]|16.0
—=&— AC156(Before reinforcement)
— ® — AC158(After reinforcement)
—<— Reg. 1.60(Before reinforcement)
1 — % — Reg. 1.60(After reinforcement)
g —— UH5(Before reinforcement)
; 0.8 \\ — ® — UHS(After reinforcement)
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T 08 \
Soa.
=
T o2
5
o

Fig. 7 Max. anchorage load of single door cabinet
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Table 6 Max. anchorage load results

Table 7 Relative displacement results

Anchorage load (Abs. value, kN) Relative Before After
Shoei T . Before After displacement reinforcement reinforcement
pectmen |Location| i forcement reinforcement (mm) ACI156| Reg. | UHS |ACI56| Reg. | UHS
IAC156 Reg. | UHS |AC156 Reg. | UHS Max. 402 | 628 | 412 | 123 | 140 | 1.12
LC1-1 [0.208{0.318{0.329{0.198(0.299{0.383 Min. 393 | 549 | 416 | -139 | -121 | -1.19
LC1-2 |0.155]0.195|0.154|0.135|0.183 | 0.159
LC1-3 [0.123]0.137|0.140]0.129|0.160 | 0.153
Double .
oo 50330 [0290]0306 0208 03520205 x 0 ot P 10° IERIELEM Table 7875
cabinet - - - - - - - = | ZH HE7ro 7y A A
LC1-6 |0.139]0.127]0.154|0.139|0.129|0.154 o H:] A %bjr ARats UFF;M%_E}' EGRC
LC1-7 |0.118]0.143]0.121]0.126[0.128 | 0.148  2FollA= Ak} setol A Ao )7t 2o 6.28 mm7}
LC1-8 |0.302]0.453|0.414 | 0.208 | 0.453 | 0.486 | g_,ugs}oﬂ O B4 ¥ 1.4mm oJet=E ¢ 72% Ak
LC2-1 0.225[0.314{0.361{0.301|0.352|0.327 3 AS solahal X 279 uhao] ol
LC2-2 [0.233]0.317|0.217]0.198|0.273{0.197 ; EL? w}j 1 N Oi f g]_] 0—1 ];;
, LC2-3 [0.192]0.339(0.200 | 0.182]0.197 [ 0.190 gl S F o fad ¢ les AYeR )l
S&gilre LC2+4 [0201]0252]0.192]0207]0234 (0212 &FT}
cabinet | LC2-3 ]0.22310.525{0.2070.221|0.219{0.206
LC2-6 0.170]0.212{0.159{0.170|0.166 | 0.183 =
LC2-7 |0.170{0.186{0.191{0.179|0.179|0.174 5.8 E
LC2-8 0.240(1.030(0.213(0.171]0.215|0.189
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ABSTRACT

The characteristics of response of a supported system with a mount module are subject to the se-

lection of mechanical sub-components such as mass, spring, damper, and basement mass-block. The
role of a basement mass-block, normally installed beneath the target system, is to control the dynamics
of the supported system. The dynamic effect of the mount module varies according to the combination
of sub-components. If the basement mass-block is tightly connected with the target system, it will
solely lower the critical frequency of the modified system, and the resultant system may display rigid
body motion during operational frequency range. However, the contribution of the basement mass-block
becomes difficult to predict accurately in cases where it is located between mechanical sub-components
such as the spring or damper. In a recent study, we proposed a simplified mount module for use in

mounting a heavy emergency electric power plant over the reaction force at the plant side. The inves-
tigation of the dynamic contribution of the base mass-block beyond that of the original mount module,
required to verify the proposed simplified mount module is still appropriately fit for purpose, remained
outstanding. In this paper, the contribution of the basement mass-block is assessed by comparison of

the response index for different basement mass-block weights.
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Fig. 2 Simplified theoretical models of current mount
module

Fig. 3 Simplified theoretical models of proposed mount
module
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Study on Vibration Specification Analysis Procedure of Equipment with Isolator
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Rack Equipment(Z “3H]), Power Spectrum Density(?lUHA] ~HEH i)

ABSTRACT

A shelter mounted on a vehicle is equipped with an equipment rack, and a vibration-proof mount is
implemented for isolation from the vehicle input vibration originating from the road surface condition.
It is often different to select an appropriate vibration-proof mount at an early stage; in general, a dif-
ferent type of equipment rack is required for each weapons system, and various pieces of equipment
are developed simultaneously during the design process. In addition, it is necessary to derive the vi-
bration profile for the independent rack-mounting vibration-proof mount, and the vibration compatibility
of commercial rack equipment. However, there is no process for the conversion of a selected vi-
bration-proof mount to the external vibration profile presented in the Military standard. Therefore, in
this study, a conversion profile is derived from a 1-degree-of-freedom vibration system and CAE vi-
bration analysis, by separating the initial and completion stages of design. Moreover, an application
method for use in the design stage of military equipment is suggested.

10} : Natural frequency [rad/s
) 5 Mo n quency [rad/s]
I : Natural frequency [Hz]
FSA : Forward supply area ¢ : Damping ratio
PSA : Port staging area U : Front height unit of rack equipment
m : Mass [kg]
c : Viscous damping coefficient 1.8 B
k . Stiffness [N/m] . . : o1 B
. A= 7] % Bol| = AA|e &84/
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2.3 EMuto}

(1) MIL-STD-810 %&7+4 HE
A2k By E AP A 2d F A% A AN

7l s
of AzF Aol AHE ofof shrf dAlAFF B A8
o] Alde] FIIAAE R Aolslr] wiizol Y E9]

AZdlolg 817} B71H535ko] Fig. 5, Table 13 2
MIL-STD-8107+ 4|4 A|A]&}+= Catregory-4 Com-
posite wheeled vehicle vibration exposure =3}
= w2 glo] Ak el

0.1 .

PSD

(g?/Hz) ' \_m
L}

0.001

——Vertical

-=Transverse

Longitudinal

0.0001
1 10 100 1000
Frequency (Hz)

Fig. 5 Vibration profile (MIL-STD-810, category 4)

Table 1 Vibration profile (data)

Vertical Transverse Longitudinal

Frequency,| PSD, |Frequency,| PSD, |Frequency, PSD,
Hz ¢*/Hz Hz ¢’/Hz Hz ¢’/Hz
5 0.12765 5 0.0407 5 0.01848
6 0.12926 6 0.04415 6 0.02373

7 0.3 7 0.11 7 0.05

8 0.3 8 0.11 8 0.05
9 0.1 9 0.0425 9 0.02016
12 0.1 12 0.0425 12 0.02016

14 0.15 14 0.074 14 0.05

16 0.15 16 0.074 16 0.05
19 0.04 19 0.02 19 0.0103
90 0.006 100 | 0.00074 23 0.0103
125 0.004 189 0.0013 25 0.00833
190 0.004 350 0.004 66 0.00114
211 0.006 425 0.004 84 0.00107
440 0.006 482 0.0021 90 0.00167
500 | 0.00204 | 500 |0.00142 165 | 0.00151
221 0.00333
455 1 0.00296
500 | 0.00204

ms=2.24¢g ms=145g ms=132g
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8 412 sk e nRFokee W A (o)
~ AN g Al B A )3 el

y(t) = Asin(at) (6)
wy = w, V1 - @)
2(0) +{s+2¢w,
Z(s) =—{ 3 d 2}
(s +E&w ) +wy
n (8)
+{ — Ax } 1
s2+a? (s+£wn)2+w2
4 @) Bgate] Axg 2719 FAHEAL W
& daule] AYE A% SR SES BT A3}
+= Table 2, Figs. 7~ 99} 2T} A28 AA Z27)ol=
gz GA ] AFTIEE & 5 gl7] w74
AR PP WHFEe P BRIk

Table 2 Input & Results of calculation

Item Input
Input MIL-STD-810, category 4 profile
fn 21
é 0.15
Item Results
Vertical Input: 2.24 Grms,

Response: 2.7 Grms

Input: 1.45 Grms,

Transverse Response: 1.81 Grms

Input: 1.32 Grms,

Longitudinal Response: 1.4 Grms

Power Spectral Density fa= 21 Hz Q=3.33333 Level= 2.7 GRMS

Response
— - = Input

Frequency (Hz)
Power Transmissibility fa= 21 Hz Q=3.33333

Frequency (Hz)

Fig. 7 Results of calculation (vertical)

Eo) shgzm A 7HinE g,

AEA 5 Hz~30 Hz 73kl A 919 o] 52
PSD(power spectrum density)@t o= YERLTE ©] A
3% % 99 Z2vdo] 5Hz~ 15 HzollA &

FEOE JRIE L 9low Y A AR GG
4 21 Hzo|7] whitel| vehhe 23S vehue 43
o} & Atk A28 Ao E 21 Hz2E A4 e
ol @ u7} 5 Hz ~ 15 Hz 9ol =4
Hu7] ol eghaf T HlE Hujgk WA A
Aot e ALES 190 =S AAS 7] o
wolth Fig. 10 F's &5 2 ZelA eh= vt
o} 2ol 9y Ful H|7F /2 o) Aolofof ZE
37F dojupAI Rk ) @F5447F 5 Hz ~ 15 Hz9F 2
| 915 2t AFar g9 A4S 5 Hz olstellA

T 1/v2 99 354 Hz oJ3he] ifFaE 2t W

[

,  Power Spectral Density fn= 21 Hz Q=3.33333 Level= 1.81 GRMS
10 T T

Response | = :
— - — -Input

Accel (GZ/Hz)
H
&n

Frequency (Hz)
o Power Transmissibility fn= 21 Hz Q=3.33333

Frequency (Hz)

Fig. 8 Results of calculation (transverse)

Power Spectral Density fn=  21Hz Q=3.33333 Lewel= 14 GRMS

Response [Fr==" ~."
— - = Input

Frequency (Hz)
o Power Transmissibility fn= 21 Hz Q=3.33333

Frequency (Hz)

Fig. 9 Results of calculation (longitudinal)
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=
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Fig. 10 Vibration transmissibility

Table 3 Natural frequency & mode shape

Mode shape
Mode Frequency [Hz] -
Deformation
1 128 Left & right mode
: (Fig. 12 / 1st. mode)
Front & rear mode
2 204 (Fig. 13 / 2nd. mode)
Up & down mode
3 239 (Fig. 14 / 3rd. mode)
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Table 4 Input information of analysis

Item Input
Input MIL-STD-810, category 4 profile
Isolation Wirelope type (WR16)
Point C.G of Top rack unit
¢ 0.143

0.01 &
PSD \\/_\ —Input PSD
[G?/Hz]

0.001

—Response
\ Top
0.0001 \\

1 10 100 1000
Frequency [Hz]

Fig. 15 Results of CAE analysis (vertical)

0.00001

10
. A
0.01 \—/\
\\V/\

—Input PSD

[G*/Hz]

—Response
0.0001

\/\ Top
0.00001 K/\

\

0.000001

0.0000001

1 10 100 1000
Frequency [Hz]

Fig. 16 Results of CAE analysis (transverse)

Trans. Korean Soc. Noise Vib. Eng., 29(1) : 57~66, 2019 | 63



Sang-Hyun Kim et al.; Study on Vibration Specification Analysis Procedure of Equipment with Isolator

r
) Ml\\\
0.01

PSD 0.001 \\\\J‘/\\ —Input PSD

[6?/Hz]

—Response

0.0001 Top

0.00001 V\,\/\

0.000001

1 10 100 1000
Frequency [Hz]
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Table 5 Results of calculation

Comparison

1

0.01 \\
0.001
Psb \\ —Single degree
G?/H .
[6*/Hz] 0.0001 Calculation
\\\‘ —CAE Analysis
0.00001 \
0.000001 \\
0.0000001
1 10 100 1000
Frequency [Hz]
Vertical
10
b
0.1 Jr\\/ \\
0.01
PsD —Single degree
0.001
[62/hz) Calculation
0.0001 ——CAE Analysis
0.00001
0.000001
0.0000001
1 10 100 1000
Frequency [Hz]
Transverse
1
01 /\J/\a\
0.01 \
0.001
PsD ‘\ —Single degree
G2/Hz X
[G*/Hz] 0.0001 Calculation
‘\ —CAE Analysis
0.00001 V\%
0.000001 \
0.0000001

1

10 100 1000
Frequency [Hz]

Longitudinal
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A Study for Seismic Behavior of a Riser Pipe
with Flexible Groove Joints Using Cyclic Loading Test
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Key Words : Riser Pipe(%]/1ll3}), Seismic Behavior(*] 21 7-8), Flexible Groove Joint(+& 2 152 ZIE)

ABSTRACT

In this study, seismic simulation testing of a stainless steel riser pipe with a flexible groove joint
was carried out using the cyclic loading test. The deformation of the stainless steel riser pipe and the
response in terms of the relative displacement between the components were analyzed by an image
measurement system that measured the deformation angle between the elbow and tee joint. Neither de-
formation/destruction nor other external changes to the pipe resulted from the cyclic loading test. As
the maximum von Mises stress values measured from the cyclic loading test fell beneath the allowable
stress threshold, the results of the cyclic loading test were evaluated as having met the acceptance cri-

teria for allowable stress.
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I Reaction force : Load cell

Fig. 2 Test schematic for seismic behavior of riser pipe with flexible groove joint
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Fig. 3 Riser pipe with flexible groove joint
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ABSTRACT

Real impact sound, such as child’s running and jumping in an apartment building, is best simulated

using a rubber ball as this is the impact source established to be the most similar. As such, the rubber

ball is the only heavy/soft impact source included the ISO standards, and a single numeric value for

the rubber ball impact-sound is being standardized. However, it is necessary to check the repeatability

of the results of a rubber ball drop from a 1 m height when using different operators, specifically a

human operator and a rubber ball dropping machine. In this study, the repeatability of rubber ball

drop-results was evaluated under reverberation conditions. Results indicated that the floor impact sound

pressure level differed very little between the different operators. Testing using the rubber ball drop-

ping machine showed that the reproducibility of the dropping machine’s sound was highest in the

low-frequency band, excluding the 80 Hz band. Establishing results for a human operator dropping the

rubber ball proved to be useful for improving the quality of the ball-drop test in the test room, and

offers the additional benefit of extensibility into the field, as a human operator is easy to move and

can check the impact force exposure level of the rubber ball.
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Table 1 Experience of three rubber ball impact source
operators on building acoustic test field

Operator lg)es.t t?xperience.on Knowl;dge on rubber
uilding acoustics ball impact source
A More than 10 years Middle
B None None
C More than 10 years Enough
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Fig. 7 Comparison of standard deviation on rubber ball
impact sound pressure level between 3 operators
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Operator
No. Machine

A B C

1 51 49 50 50

2 51 50 50 50

3 51 49 50 50

4 51 50 49 50

5 51 50 50 50

6 51 50 49 50

7 51 51 49 50

8 51 50 50 50

9 51 50 51 50

10 51 50 50 50
Stdev. 0.000 0.568 0.632 0.000
Average 51.0 49.9 49.8 50.0
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ABSTRACT

A levitation and propulsion system of a 1000 km/h subsonic capsule train is built on. The same

conceptual basis as that used by electrodynamic suspension (EDS) levitation trains equipped with an

electromagnetic coil on the side walls. The characteristics of the levitation spring of the capsule train

are, therefore, the same as those of the levitation spring of the EDS levitation train, with both the

linear spring and the nonlinear spring present simultaneously, and the spring constants varying by

train speed. This is a phenomenon caused by an 8-shaped coil installed on the side wall of the

guideway, which is expected to have a considerable influence on the vertical movement of the cap-

sule train. In this study, the effect of the nonlinear characteristics of the floating springs on the EDS

floating capsule train were investigated. The governing equations of the capsule train bogie were de-

rived by consideration of the linear and nonlinear characteristics of the levitation springs. The influ-

ence of the nonlinear characteristics of the levitation springs on the instability of the system was an-

alyzed theoretically using the perturbation method.

LR
£ B4 M ", o) 7t
4

me} o] Wsks
Mo 9A9 849 ;e ofa) Uofi}

QEEREETE

+  Corresponding Author ; Member, Korea Railroad Research Institute
E-mail : whyou@kri.re.kr
*  Korea Railroad Research Institute

ahare] QAo e =8S 7]&olar gk o]
T A= o]l EDS FAF Aadate] 7tejA=
gz o) nay EAo] AEdAtd F= 4T

Este] mokth At ERAS Sola WY &
%

o
k1
Bt
=
N
=
o
oxl
i
o
o
ko
_O|L
32
o
.
2l
rio,
=)
=
=)

¥ Recommended by Editor Hyung Jo Jung
© The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 29(1) : 83~89, 2019 | 83



Wonhee You et al.; Vertical Instability of Capsule Train Bogie by Pertfurbation Method

ot K ox rlr

N DO

o, [

942 Beaeh, o8 Eyz
gzl wAg HAol Als

1 &8 EDS AlAEIS| S4
=9 EDS 3 Edate] tiaks Fig. 1614 &
nie} o] Zuo]l AA|g 82 FUel o3 L -
Ao Jere wrom o]g ol Yehle ks
o) Aapakak 9L A (1ol Bz nie} o] A
AR 3ak HAY ARow Y.
K, = Ky + K sin (27 fy,t) )

047]}\1 Kyez= klz - kZZ;;: Kooz = kolz - kozzgoltq
2= ZAEAAA 0] ARE At sl MlE e

84

Kue 3% 34ms 2% Q440 €8

Coil

Fig.1 Side wall electrodynamic suspension

Trans. Korean Soc. Noise Vib. Eng., 29(1) : 83~89, 2019

Weld] HFHoR aes APsxgort 714
S BT

2.2 1-D EDS $4F Cixfe] ulMg w4
o] QoA ols} g 5
MY 2xge] 54

!
>~
=
o
=
rr
2
)
N,
L)
lo
dim
o,
=2
=
AC)
2
o
o _13

& WAL ik A M, FdHE 6, 2 5
23Y K, 2 olgsto] A (2)9F 2ol dE & Jirk
Mz+ Cpz+ K,z =0 )

A @9 A (= Agste] Fsta
Mz+ Gyt (ky +kycos(2mfo )z -

— (ky + kgpcos (21 £, 1)) 2> =0

S o] gk, AN FolBE Slste] thi} g T
A9 shebe e mq

Superconducting Coil

Fig. 2 Bogie system for capsule train



Wonhee You et al.; Vertical Instability of Capsule Train Bogie by Pertfurbation Method

5, o B 3= 12k gigk Aolar, e
Wt Fogzele] 7] g digh Ao, y= H F
o] 174 2 33 o) Hlo] B A2 hehic,
L& ki, ko, kot R ko AFOlAIE kiko = koknQl T
A7} lommt A (e thew 2ol maR 4+ ek
u+ au+(5+2ecos (27))u )
+7(5+2&COS(2T))U3 =0
W A AAE AR Az 54
n#gtel 4 (5)914 2AFE Aslehd HEHom v
2462 2%+ A
ut (64 2ecos(27)u ©)
+~4(8+2¢ecos(27))u® =0
3. d=Hol 2ot H[ME S5 siA

3.1 3xlet2 A Llet EE Mathieu 2
2 (6)lA 3AFEE At the A (DA Ze
3 Mathieu 2}o] ET}O,

u+ (5+2ecos(27))u=0 (N

¥ Mathieu Aol 3l &
B don, giA= o5 Fig
At o] 2RAAD 157 G
LRt} o] RleA & e Wl
curve)®] A2 & oo aAtE-S Aol 4 (8)3h
ol AT,

Fig. 3 Unstable zone of Standard Mathieu Equation

3= w5

52*562
(5:1*6*%62
S=lte——e (8)
= €e-g€
D
0=4-+ €
_,_ 1,
6=4 €
3.2 3xtgE EESH Mathieu 4
o] AelA= 2 (6)° thato]l HEHe o] &3t
ol : AR

o
1o,
£
o,

1R
2

u = euy + €2, + uy + ..

9
5=0,+¢8, +E26,+... ©

21 (9)E A (6)°ll thgste] eoll sl Aefshd ot

Atk o7IME E7MARE eatal, aakae A9t
€' ug + Syuy =0 (10)
€ uptSyuy = — Syuy — 2¢0s(27) 1y (11)
€ Tyt Syuy = — S, — 2005(327') u, 12
—dyuy — Yo up
21 (10)9] al= th3 2ok
uy = acos(/5,7), bsin(/5,7) (13)

3EF Mathieu 215 W58k @9 F71= 27n (n=
L)OIER A (13) 02 RE (/5= et 2
Zitt.

ol'

01 ?L
S =n" n=0,1,2,.. (14)

2] (14)014 Bz vk} 7Fo] Mathieu 28 WHE53h=
Bk 2o v e Al 2ge] B A S 3§

N

Trans. Korean Soc. Noise Vib. Eng., 29(1) : 83~89, 2019 | 85



Wonhee You et al.; Vertical Instability of Capsule Train Bogie by Pertfurbation Method

43k A% n gol 48 W 1 540l @ etz
o AFNAE n=0,1,29 B9E 972 A5k

o =4 (15)
VAT aiz Aele 4 (19)F A anel et
w= —ad—2acos(27) (16)

o] =H,

olRH e & 4 Utk

1+cos(2r) —6,7) (17

a
Uy = 5(—

wol A AlRtel Aol weh F7kehs d W(secular
term)o] §lofoF S 6,=00] Hojo} @t} o2
Aans @A A 129 Agstd

d2=—%(a+2a62—2acos(zr) +acos(47)) (18)

o] Wi, upold Fae] EAeA
5, = 7} Hlojo} @k weby A%

Tt ol e 4 Atk

ofop dhnz
shst Wol 4l

u=eA—%62A(1—cos(27'))+O(e3) (19)
1 2 3
§=—5e +0(e) (20)
() n=19 2%
n=121 49 2 (14925 §o=1°] HaL o]& 2] (10)
of tieiatd
uy = acos(r), bsin(7) (21)

O] ZHE uy=acos(r)? uo= bsin(r)
Z¥ztel| djste] siE gt

(i) uo= acos(r)8l 7%

up=acos(t)E 4 (1)l st Helshd

dl—f—ul =—aé,cos(r) —acos(r)—acos(37) (22)

86 | Trans. Korean Soc. Noise Vib. Eng., 29(1) : 83~89, 2019

S A Ha, uol el EAIFA eolof stm
2 5 =-10] Holof gt} 12jH 2 (22)E

u+u, =acos(37) (23)

o] B w9 3= v, :%acos(37)7]— Hr} o] 2 A

.
Astel Felshd et ge AL dErh

(12)°1
Uyt uy = faé(1+6a2'y+852)cos(7)
. . 24)
+a§(172a2fy)cos(37)*a§cos(57)
o] 71e| A wpol o] EAlEA FoEw

(1+6a*y) 7} wlojof ghe}. uhebA HFaf ot

’U,ZECLCOS(T)JFéEZaCOS(?)T)+0(63) (25)
5=1—e—é(1+6a2’y)62+0(63) (26)

(i) uo= asin(7)Q! 7 39

w=asin(r)E 2 (11)°l tidate] Aelatd

uy+ 1y = b6, sin () +bsin(r) —bsin(37)  (27)

S AA Ha, woll G o] EAEA] Fod 5 =1
o] wojo} aht} W A 27)&

1, = bsin (37) (28)

o) 9% wel F= u, = Sbsin(37) 7k Bk )& 4

(129 Diste] Belap ke s 2o A48 Qe
7;2“’“2 = *b%(1+ﬁb2v+862)sin(r)
1 . 1 29
- bg(l —2b%y) sin (37) — b§ sin(57)
o] Ha oA gdsto] &Ax Lgo#wd
6 == L(1+61) 7 olo Bk mebd] HFsls
WHolMs v o] 95 4 3l

u:ebsin(T)+%€2bSin(3’r)+O(63) 30)



Wonhee You et al.; Vertical Instability of Capsule Train Bogie by Pertfurbation Method

5:1+57%(1+6b27)62+0(63) 3D
(3) n=29% 3%
n=2% A5 A (149Z5H 6,=47} Hi ol&

2 (10)0] ddstel 27127 (1008 A&k ohy

= 9% F AUk
bsin (27) (32)

kA ug = acos(20)9 uy = bsin(27) ZH2tol tste
g3t ol a2 Fak

Uy = (1(:05(27')7

(i) uo=acos(20 4%

up = acos(20)E 2 (11)°] ddste] Aelshd

1;1+4u1 =—a—ad,cos(27) —acos(47) (33)

& A HaL, well Gd@e] EAskA] o do=1
| =ojof ghe}. 129 A (33)

3

1;1+4u1 =—a—acos(47) 34)

7} 50 w9 A=, = ia+1—12acos(47)7]' 21=s

ol 4 (12)l thslste] Aejshd vh&3 &2 4
2 Qe
Uyt+duy = ai(5—36a2y—1252) cos(27)
(35)

*a%(l +12a%y) cos (67)

]_

ofr

wol Geo] Godw 5, = > —30%y7h sofok
o, olo] wte} HEs|o WolFAL theat Lol

2 % gtk

ne

L 2a(3— cos(4n) + O(e)

= 27)—
u=cacos(27) b

(36)

5:44—62(%*3@27)4-0(63) (37

(ii) uwo=asin(20)%! A%

uo= asin(20)E A (11)°l] st A st

uy+4u, =— b, sin (27) +bsin (47) (38)

o
=

A o 6 =

w,+4u, =bsin(47) (39)

7FH™ 0] s uy =
dete] Felshd vhed 2 2

1 .
Ebsm (47) 7} Hh

°l5 2] (12)9

< derh

Uyt ty = fb1—12(1+36b2'y+1252)sin(27—)

1 )\ (40)
fbﬁ(l —12b%y) sin (67)

usel GdFo] POV 5, = (-o+35) 7k oo}
gtk webA] HFlel oS vy o] 9
Ak

u:€bSi1’1(2T)_%€2bSiH(47)+0(63) 41

§=4-— (1—12+3b27)+0(63) (42)

2ol 93 prtole] BAE ¢
Heehd 43908 oy

0 :1—6—%(1‘1‘60,2’)/)62
5:1+6—%(1+6b2’y)62 (43)
0 :4+(%—3a2’y) 2

§=4—( 1+3b2)

12

°J %’—d% e ol a9t b L yoll Wt t=A el
T Atk e b= 27127137 BATE 9loH,
o FdeER e 12k 9 3ak o] wlo] #sk
2 o]E9] W] w Eoby oy} g
WolarMS Fig. 3 2 Fig. 49} 7¥o] Yehd

~
=
(2 o

>
>
o
o,
¢

> 12
poss
o

Trans. Korean Soc. Noise Vib. Eng., 29(1) : 83~89, 2019 | 87



}

3

o) =}<]
|Z2A3 2

o) g3te] 73
=7

=

=

ok
ARG A%AA )
o] W7} o] Q]

}

9
i

Fafjof

=
T

=

=
Azpel FAZA

Al

2, b=221 A%

; Vertical Instability of Capsule Train Bogie by Perturbation Method
< Mathieu 29}

3T
it

3l a

uhs} ol

L
fu

Wonhee You et al.

shll Uekdg & 5 gloml, y gl on

S

y=0.181 455 Ve

AZF A= oSt boll o

(o))
=
i

Fig. 3014 =

=
=
9 &

)

Fig. 5

X
X
1}

}_
}_

ORI B oo o X R T RO R0 X0y o PR W T T W Ao or
T ® o XD mﬁoﬂﬁ_iﬂuﬁlafuw’%%ﬂﬂ,mﬂ N 70 = i~ on
X . funy N
ﬂoxe%mﬂﬁ AE:%Eﬂrd.ﬂmﬁﬁrﬂﬂfr%%r = = = I
AL IR S e e = ol e N T T W I
~ < T ! O :

TELEs xARGEIE2RIICETS IET Z..%
[ LAY P rE 7 e & o —y Mo © - 100 o X
mrEtE sy dredasp e Lad  mEoE
ﬂﬂ%ﬁmﬂ womrmw%abgﬂmﬂd_ﬁgﬁﬁﬂa«ii _y XA RS
qfiw_klﬁ f 011_|_ ) o ‘I‘W;L:io Ode‘ﬂuﬂ =K %,W.,HL

= N =~ o oo . b= = [N} T 4 H A
Fro e TRa Tl e e R es T o= X o
oy wo X X = oo ™ ol XTI X BT E A
N I RGN TN ) N ST s [ R -l AU L T o o
Trwzd BrdVTeIReclisls § wapl TR
o W T e N g RO R e o oy Ao o oK
zrknwnﬂmdr&mﬂ.@ﬂu é@ﬂﬂ%z&@ S L
P EEIaRTe o rs B ETLYSl  £3Ze dFds:
/ T 0 o — o= -
TE e Ry e B P s H e FEDE dellE
g TRy e Y ol g Rl e Do ® 2o T
Nr o o) ™ T o B o T X = — 1 ~ ° ~ X 1] o N
=0 tlri ,sﬁoLaTUllmﬂH7 m~.71rLoL E%owawt ﬁoPMﬂ_ii
B YT gg drw® X P mggmp§®® R B SN IR GRS
ARy LR Pk o o Y BT TR Mo = F Qe
RoERENF BT H B WMo ® 4r = op wow
A
Al E wK N
n o g -
<0 e 10l ©
MP%_ "= T =
Mﬁ,mwl <yl = .F
s =ELE G —
nﬁﬂ Haoiio» ol [
o o e b S
oM HRsw W <2
~ <X~ 0
) _E s qﬁw &e oju <
aﬂlifﬂ.ﬁ oR i o
w.%ﬂurwoﬂk 10 g
of- .ATWLVLﬂLml &0 g
cBE TR MG = =
(N paae — )
,Io_loaﬂﬁmy,m,m 0 =
AR gy N N0 =0 =
:Mﬂuﬂhﬂaﬂ .M._ =
b,o#a,mWﬂ.plﬂw‘_ETvm ™
R T o P )
3T T T W R

3

9

afoF

[

pud

9] 3l

Fig. 5 Unstable zone(y = 0.1)
Trans. Korean Soc. Noise Vib. Eng., 29(1) : 83~89, 2019

88



Wonhee You et al.; Vertical Instability of Capsule Train Bogie by Pertfurbation Method

o, 53] 272439 P B 14 2 3%

References

(1) Ohashi, S., Ohsaki, H. and Masada, E., 1997, Equi-
valent Model of the Side Wall Electrodynamic Suspen-
sion System, Denki Gakkai Ronbunshi, Vol. 117, No. 6,
pp- 758~767.

(2) Watanabe, K., Yoshioka, H., Suzuki, E., Toatake,
T. and Nagai, M., 2007, A Study of Vibration Control
Systems for Superconducting Maglev Vehicles, Journal of
System Design and Dynamics, Vol. 1, No. 4, pp. 703~713.

(3) Hoshino, H., Suzuki, E. and Watanabe, K., 2008,
Reduction of Vibrations in Maglev Vehicles Using Active
Primary and Secondary Suspension Control, Quarterly
Report of RTRI, Vol. 49, No. 2, pp. 113~118.

(4) Song, M. K., 2008, Dynamic Analysis of Guideway
Structures by Considering Ultra High-speed Maglev Train-
guideway Interaction, Structural Engineering and Mechanics,

Vol. 29, No. 4, pp. 355~380.

(5) Yonezu, T., Watanabe, K, Suzuki E. and Sasakawa,
T., 2018, Characteristics of Magnetic Springs for the Gui-
dance of Superconducting Maglev Vehicles, RTRI Report,
Vol. 32, No. 3, pp. 11~16.

(6) Nayfeh, A. H. and Mook, D. T., 1993, Nonlinear
Oscillations, John Wiley & Sons, New York.

(7) Nayfeh, A. H., 1993, Introduction to Perturbation
Techniques, John Wiley & Sons, New York.

(8) Park, C. 1., 2013, Stability Analysis of Mathieu
Equation by Floquet Theory and Perturbation Method,
Transactions of the Korean Society for Noise and Vibration
Engineering, Vol. 23, No. 8, pp. 734~741.

Wonhee You received his Ph.D.
from Department of Mechanical Engi-
neering at Yonsei University in 1993.
He has working for Rolling Stock
Research Division and New Trans-
portation Innovative Research Center
at Korea Railroad Research Institute.
His research interest includes railway vehicle dynamics,

active suspension, noise and vibration.

Trans. Korean Soc. Noise Vib. Eng., 29(1) : 83~89, 2019 | 89



Trans. Korean Soc. Noise Vib. Eng., 29(1) : 90~97, 2019
https://doi.org/10.5050/KSNVE.2019.29.1.090

RS %Eﬁzli—-—x' H 29 ®M 1%, pp.90~97, 2019
ISSN 1598-2785(Print), ISSN 2287-5476(Online)

n&9A B4 2 QY 2a9 e s34z Wt

Ride Comfort Evaluation for Seated and Standing Human
in High-speed Trains

49w

S84 E-NE R
Deokman Kim®, Deukha Kim®, Sunghoon Choi

=
Hk

and Junhong Park’

(Received October 23, 2017 ; Revised December 12, 2018 ; Accepted December 12, 2018)

Key Words : Ride Comfort(%-2}7}), Seated/standing(#1/934]), High-speed Train(&<

(A s

2}), Human Vibration

ABSTRACT

Various factors including vibration levels influenced ride comfort recognized by passengers during

transits by high-speed trains. The vibration level was measured on the floor of the train. The measure-

ment on the surface on the seat cushion and the seatback is also being considered for evaluations. The

frequency weightings were applied to evaluate the ride comfort. In this study, three axis vibration on

the passenger body was measured to analyze the human body vibration and its effect on the ride

comfort. The vibration levels were measured for passengers in the seated and the standing positions.

The vibrations of the seat and the human body were measured at constant speed of 300 km/h. The fre-

quency weightings defined in ISO 2631-1 were applied to the body vibration levels for finding the ride

comfort. The ride comfort in the seated position was compared to that in the standing position using

the proposed level. The comparison shows information about the importance of the vibration measure-

ment locations for ride comfort evaluation.
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Table 1 Weighted vibration level for seated position

Acc. Location X-dizr. Y-dizr. Z-dig. SVI\;I
No. (m/s”) | (m/s?) | (m/s”) | (m/s%)
1 Floor 0.032 | 0.085 | 0.165 | 0.187
2 Seat cushion | 0.036 | 0.073 | 0.214 | 0.229
3 Seat back 0.066 | 0.129 | 0.223 | 0.266
4 Buttock 0.053 | 0.054 | 0.200 | 0.214
5 Back 0.071 | 0.082 | 0.244 | 0.267
6 Thigh 0.068 | 0.151 | 0.477 | 0.504
7 Abdominal 0.099 | 0.156 | 0.584 | 0.612
8 Chest 0.107 | 0.173 | 0.336 | 0.392
9 Head 0.089 | 0.332 | 0.244 | 0.422

Table 2 Weighted vibration level for standing position

Acc. Location X-dizr. Y-dizr. Z-dig. SVI\éI
No. (m/s”) | (m/s”) | (m/s) | (m/sY)
1 Floor 0.026 | 0.086 | 0.184 | 0.206
2 Seat cushion | 0.035 | 0.076 | 0.263 | 0.276
3 Seat back 0.115 | 0.166 | 0.236 | 0.311
4 Buttock 0.061 | 0.093 | 0.241 | 0.266
5 Back 0.063 | 0.118 | 0.231 | 0.267
6 Thigh 0.118 | 0.089 | 0.319 | 0.351
7 Abdominal 0.037 | 0.067 | 0.460 | 0.466
8 Chest 0.062 | 0.119 | 0.231 | 0.266
9 Head 0.094 | 0.154 | 0.207 | 0.275
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Study on Performances of the Planetary Gear Type Anti-resonant
Vibration Isolator Using Transfer Matrix Method
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ABSTRACT

As a follow-up to a previous study on the transfer matrix for a lever-type anti-resonance vibration
isolator (L-DAVI), a transfer matrix for a planetary-gear-type dynamic anti-resonance vibration isolator
(PG-DAVI) is defined by the vector-type four pole parameter method. Both the system’s angular accel-
eration determined using the transfer matrix method (TMM) and the derived matrix are compared with
those from the conventional method to validate the use of the transfer matrix for the PG-DAVI. Then,
TMM is used to calculate the angular displacement transmissibility of a 3-DOF target system, and to
study the application of the PG-DAVI to improve the transmissibility of a target system. The optimal
configuration of the PG-DAVI is investigated using the transfer matrix derived in the first step. The
displacement transmissibility of the modified system is compared with that of the original system to
determine the effect of the PG-DAVI. Finally, the displacement transmissibility of a system modified
by the PG-DAVI is compared with that of a system that uses a classical dynamic absorber. Results in-
dicate that the PG-DAVI is more effective than the classical absorber in improving the displacement

transmissibility of the target system.
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Table 1 Transfer matrices for the basic vibration
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Element Symbol Transfer matrix (/)
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Table 2 Specifications of the validation system

Description Unit Value
Input/ Input disc Inertia (1) kgm? -
output | Qutput disc | Inertia (I,) kgm® -
Spring (ki) Nm/rad | 383.88
Damper (c¢;) Ns/m 0.39
Inertia (I5) kgm® |2.95¢-04
Sun gear
#of Teeth (Ns) | EA 12
DAVI . 2
Inertia (Ip) kgm -
System | pinion gear
#of Teeth (Np) | EA 28
Carrier Inertia (1¢) kgm? | 0.0403
Inertia (Iz) kgm?® | 0.0960
Ring gear
#of Teeth (Ng) | EA 58

Fig. 3 Mechanical model of the validation system
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Fig. 5 Mechanical model of the target system for the
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Table 3 Specifications of the validation system

Mass (kgm?) Spring (Nm/rad) |Damper (Nms/rad)
I] 0.100 k’l,j 2260.0 Cpl 0.5650
I, 0.300 k12 1864.4 cr2 0.4691

40

20

6,6, (dB re 1)

50 ; ; ; ; ; ; ;
0

10 20 30 40 50 60 70 80
Freq. (Hz)

Fig. 6 ©,/0, of the target system obtained by TMM
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Fig.7 Configuration of the target system modified
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Fig. 10 ©,/6, of original and modified systems

Table 4 Comparison of &,/0; for 3 systems

©,/0; (dB re 1)
System
23 Hz 34 Hz 54 Hz
Original 9.4 2.6 -35.0
PG-DAVI 2.6 -51.5 -42.6
Classical 9.9 -47.6 -20.9
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Modeling and Vibration Analysis of an Inward Cantilever Beam
Undergoing Translational and Rotational Motion
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ABSTRACT

Modeling and vibration analysis of an inward cantilever beam undergoing translational and rotational
motion is carried out based on the Euler-Bernoulli beam theory. The equations of motion are derived
using the hybrid deformation variable modeling method along with the Rayleigh-Ritz assumed mode
method. Spin-up rotational motion and sinusoidal translational motion are simultaneously prescribed for
the inward cantilever beam. As the result of the simultaneous motion, coupled phenomena occur and
combinatory excitation frequencies are generated. Therefore, resonance occurs at the combinatory fre-
quencies that are obtained from the frequencies of rotational and translational motions.
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Fig. 3 Configuration of cantilever beam

Table 1 The properties used in the analysis

Parameter Val}le Parameter Vah}e
(unit) (unit)
L 0.05 (m) E 200 (GPa)
b 0.01 (m) r 0.215 (m)
h 0.0002 (m) R 0.3 (m)
p 7850 (kg/m®) i 0.3 (m)
C 0.01 (m)
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Table 2 Comparison of the 1st Natural frequencies

Angular velocity | Propose model | ANSYS | Relative error
(rad/s) (Hz) (Hz) (%)
0 65.231 65.230 0.001533
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100 50.907 50.907 0
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Fig. 5 Comparison of transient analysis results obtained
with proposed model and Recurdyn
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ABSTRACT

The current calibration process for seismometers is not in accordance with the international meteoro-

logical standard. The contemporary increase in seismic and volcanic activity around the Korean

Peninsula has highlighted the necessity for and importance of compliance with the international mete-

orological system. This paper details the evaluation

of a characteristic seismic accelerometer according

to the international standard procedure. The dynamic and static sensitivities of the seismic accel-

erometer are calibrated, and the degree of uncertainty of the calibration process is also evaluated based

on the standard procedure for vibration accelerometers. Results indicate that the seismic accelerometer

is notably sensitive to changes to the excitation frequency and direction of vibration. Therefore, the re-

sults show that the conventional method widely used in the field of seismology, of merely noting a

single nominal value when using a seismometer, is
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subject to clear limitations.
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Table 1 The properties used in the analysis

Direction Se(nms\i;i/;i)ty izl\s;/trlr‘:sl%] Unc(eor/:e)l inty
X 5053.4 515.75 0.07
Y 5008.1 511.12 0.24
4 -5003.3 -510.64 0.18

Fig. 7 System setup for comparison calibration of seis-
mic accelerometer
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ABSTRACT

Past earthquake events have shown that seismic damage to electrical power systems in nuclear pow-
er plants can cause both serious economic losses and operational problems. In this study, to assess the
integrity of electrical power systems at nuclear plant plants, seismic tests of a battery charger (B/C)
were conducted using the shanking table under three conditions, specifically low frequency, high fre-
quency, and a combination of low and high frequencies. Accelerometers were installed both inside and
outside the test cabinet to evaluate the dynamic characteristics of the B/C. The peak accelerations and
amplification factors by transfer function occurring both inside and outside the cabinet, depending on
input motion, were evaluated and compared. In addition, relay chatter during the seismic test was
checked by reference to the relay output signal.
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Table 3 Seismic test sequence

: No. Earthquake Remarks
motion
1 Modal test | Resonant frequency check (X, Y, Z)

2 SSE UHS longitudinal direction
3 | Modal test Resonant frequency check (X)

. 4 SSE UHS transverse direction
(a) Structural response (b) In-cabinet response 5 | Modal test Resonant frequency check (Y)
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2 1 10 SSE R. G 1.60 transverse direction
’E 0__ 11 | Modal test Resonant frequency check (Y)

§ -0.5 12 SSE R. G 1.60 vertical direction
< 1 | ! ! ! ! ! ! ! 13 | Modal test Resonant frequency check (Z)
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Py Resonant frequency (Hz)
X Y zZ
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Table 5 Summary of amplification factor
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FE Model Updating of Tall Buildings Using Output-only Modal Data
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(AFHE)

ABSTRACT

This work updates the FE models for 25- and 42-story tall buildings having walls or a shear core
as a major lateral force-resisting system, utilizing modal parameters such as natural frequencies, and
mode shapes identified from measured vibration records in a previous study. Automated FE model up-
dating adopting optimization theory includes a series of procedures that estimate sensitivity matrices,
unknown parameters (based on a Bayesian technique), and correlation coefficients. A simplified FE
model, considering 3 stiffnesses and 3 masses at each story as structural parameters, was derived from
the analysis results of a more detailed 3D-FE model normally used in design practice, and was em-
ployed as the starting model for the update process. Although the test and analysis values of the natu-
ral frequency and mode shape for the lower three modes currently considered were in excellent agree-
ment, many stories in both buildings exhibited a significant increase in stiffness, approximately 100 %,
and decrease in mass, approximately 50 %. However, given that the natural frequencies from a 3D-FE
analysis were found to be approximately 1.5 times as small as than the measured frequencies, at least
for the three lower modes in both of them, this is unsurprising. Furthermore, the detailed 3D-FE model
developed in the design office could be subject to a number of practical uncertainties/inaccuracies.
This supports the conclusion is that the contemporary domestic design practice for FE analysis remains
very conservative. It is shown that the proposed FE model updating technique using output-only modal
data can be effectively applied to determine uncertain structural behavior or parameters and employed
in the damage detection or structural health monitoring fields.
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Initialization of unknown variables

Initial values p; k=0

v

FE Analysis
Computation of numerical modal data: |«
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Evaluation of objective function:

AR,=R,—FR, and sensitivity matrix: 5,

Y

Minimization step

Measurements

Update values p,,

Experimental modal data: &

No

Results

Identified variables p=p,.;

Fig. 1 A schematic view for FE model updating proce-
dure
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Table 1 Natural frequencies and MAC before and
after model updating for DWD

FDD | 3D-FEM | FEM FEM updated

Modes | exp. | detailed | initial f Diff. | MAC
f(Hz) | f(Hz) | f(H2) | (Hz) | (%) | (%)
0.713 | 0.489 | 0.484 | 0.711 | -0.25 | 94.5
0.791 | 0.581 | 0.536 | 0.791 | -0.07 | 94.3
3 10918| 0593 | 0555|0915 | -033 | 913

(b) 1st mode (c¢) 2nd mode (d) 3rd mode
Fig. 5 Comparison between experimental and updated
mode shapes for DWD
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Table 2 Natural frequencies and MAC before and after

model updating for DLA

FDD | 3D-FEM | FEM FEM updated
Modes | exp. | detailed | initial f Diff. | MAC
f(Hz) | f(Hz) | f(Hz) | Hz) | (%) | (%)
1 0.322 0.231 0.242 | 0.310 | -3.83 | 92.2
2 0.420 0.291 0.243 | 0414 | -1.52 | 91.5
3 0.469 0.335 0.291 | 0.441 | -5.89 | 93.5

Fig. 9 Comparison between experimental and updated
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Wavenumber-frequency Analysis of Surface Pressure Fluctuations for Prediction
of Interior Noise of High-speed Train Due to Wind Noise
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ABSTRACT

Several contemporary studies have been carried on the challenge of predicting or reducing the ex-
terior aerodynamic noise and interior noise induced by exterior air flow around high-speed trains. The
achievement of reliable numerical prediction of noise in a passenger cabin due to exterior flow re-
quires decomposition of the surface pressure fluctuations into hydrodynamic (incompressible) and the
acoustic (compressible) fluctuation types, as well as the accurate computation of the near aeroacoustic
field. This can be done because the transmission characteristics of each type of pressure wave through
the cabin wall panels differ significantly. In this paper, wavenumber-frequency analysis is performed to
accurately predict interior noise due to exterior aerodynamic noise from surface pressure fluctuations.
First, large eddy simulation (LES) techniques were employed to predict the exterior flow field includ-
ing an accurate near acoustic field around a high-speed train running at a speed of 300 km/h in an
open field. Then, pressure fluctuations on the train surface were decomposed and categorized as in-
compressible/compressible, and power spectral density spectra were obtained using wavenumber-frequency
analysis. Finally, the separated incompressible and compressible surface pressure fields in the time-space
domain were obtained from the inverse Fourier transform of each incompressible/compressible wave-
number-frequency spectrum.
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Fig.3 Computational domain and applied boundary
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Table 1 Details of boundary setting

Boundary Setting Remarks
. 83.33 m/s
Inlet Velocity inlet Non-reflecting
Outlet Pressure outlet 101 325 P.a
Non-reflecting
Domain side 101 325 Pa
and upper Pressure far field Ma: 0.24
Ground Moving wall 83.33 m/s
HEMU wall No-slip wall
Rail Moving wall 83.33 m/s

(a) Surface meshes of main noise source parts

(b) Volume meshes of flow field

Fig. 4 Computational grid of surface and volume
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Table 2 Drag coefficient of HEMU-430X

Train formation Cy
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Songjune Lee et al.; Wavenumber-frequency Analysis of Surface Pressure Fluctuations for Prediction of Interior Noise of ...

L

oF 70 %~ 80 %2 HE2 tiFslal 45
B g4(CyoR AnaT, we F

aIze] Aol 5 o] sl AFA HEAE
g = vk A-E7h2Ak) @
%5 Fg]d W3(Fourier transform)
JAoINS] GG AAES
. A ARG 1
ol et w55 Sk
A5 HEAES BT o Ak ot 4

d

o B
Y R o
4::

W

Lo, °
IL.

X oft
offt tlo
z 5

> T

=l

ol
30

oft &L i rH
L= 1]

Mo mx ot o 18 ox X o
o I
N
-

G4 4H4dE<] power spectral
density(PSD)E &5317] 913+ olitste 3x}el F2
of MgkAe T},

(mAf, nAk,,0Ak ):

— 1N, —1N,—1

NNNF Z Z ]Z wkl]Pkl]
1
E E Z |wk:l]|

NNNyk 010=0 j=

THTNTN, N,

km  nl  oj ) 2

®)

[ :Q-criterion

: vortex core and its strength -

vertex sirangah
s

l 1998

(a) Iso-surfaces of Q-criterion
and vortex core with its strength

(b) Velocity magnitude contour (x-z plane)
QLTI

(c) Static pressure contour (x-z plane)

Fig. 6 Instantaneous (a) iso-surfaces of Q-criterion and
vortex core with its strength, (b) velocity magni-
tude and (c) static pressure contour

A7IA wyT TFEETE UERH o] ATtllA =
Hanning window & 4-8-8}3{th. 32 F oA v¢t
:7]—1_/\3 ?jlai/uijq_ 01-7—}\4 O]—E’:] /\454 oﬂo:]o E}oﬂ]-
2o Hog FH3t 4= 9lom Fig 73 79| slanted
Dirac cone?] & &) 2 YEPAHT} Coned] WHF o] oF
4 HEA T, AN 9ol HitEAd dEAdEe] 4 Y

< oJm| g,
w= C\ k. + kK +k,U (6)

4.2 gp-Falys 2MZ 0|83 H|AEFN/
AEM oMo 22

Fig. 8o Uehd 23} o] TC-car ¥9 99 ¢
gl dal gk EAEITE x-BEo R
533, y-ako® 85Ulo] HHcteE ASE o] gagle
] Af=2.5176 Hz, Ak, =0.0665 (1/m) 121l Ak,=
0.4210 (1/m)°|tt. I3}~ $3k A3}+= Fig. 99F 2
t}. PSD A EZLE F7bo] A3 94 5 kb, k9 Al
I Al Tk 5 fol 3k o®E vERE 5 9L
o) Eqt 559 559 oR Adste o454 4E
X520 o9l slanted Dirac cone®] dAfo] Eelgm
199 F & o R Anshe HYgEA 999 &
A3 FEEL o2 4 (6)S 83t Fig. 107}

acoustic component
(compressible waves)

}

convection component
(incompressible waves)

= J
@ 2000 [
1500 / 10

g 1ooo f"a

% 500 e

= — Tk ()

T o /
15 10 5 o 5 10 15
I, (1/my)

Fig. 7 Each region of incompressible and compressible
parts in the three-dimensional periodogram

-
Left side: STCL| |y,

X

Fig.8 Region of TC-car for wavenumber-frequency
analysis

Trans. Korean Soc. Noise Vib. Eng., 29(1) : 141~148, 2019 | 145



Songjune Lee et al.;

Wavenumber-frequency Analysis of Surface Pressure Fluctuations for Prediction of Interior Noise of ...

o] =3l o H(wavenumber-frequency domain)
oA 4] ()22 ¥ A Fig. 79 slanted Dirac cone
of S]% Jojol] &= WEY FEHED conee]

o8
o 20 40 60 B0 00 120

1600 -

1400 -

200 -

2000

@
2

3
2

Frequency (Hz)

k\-En{i.mJ
(b) k.~ w(at k, = 0)

Fig. 9 Power spectral density diagrams (reference pres-
sure 20 pPa)

Frequency (1z)

k /22 (1/em)

(a) Regions on
convective component

(b) Regions on
acoustic component

Fig. 10 Regions on each (a) convective component and
(b) acoustic component

146 | Trans. Korean Soc. Noise Vib. Eng., 29(1) : 141~148, 2019

W el Sahs HEA NS RalE 4 3
t}. Fig. 110l 3= Fo.829] 7]o=g gate] Fu4
l wheh Yebile vikSA dEAle 54 s
HX%9] 97]7} Z+2} 122.0dB, 112.1 dBE YERTh
UW“ o7 Zhzke] o] Al s o el
Zl(inverse Fourier transform)shH AJZ-37F 99
(tlme-space domain)oll Al 2lH HAH/4EAL B
W gEdES 958 5 vk L A9 Fig 124 W

ERATE Fig. 12(a)= HIHEA/AEA Geo] EA
oA 7G-S o wEke AntolH, Fig. 12(b),

[TC1 SIDE NY]
14 T T
0 = = =Comp.+Incomp.
120 —&— Comp.
—a— |ncomp.

PSD (dB/Hz)
N N [e)] [e] 8
o o o o o

Overall (dB)
Comp.+Incomp. : 122.520
Comp. : 112,907
0+ Incomp. :122.017
-20 s - :
10’ 102 10°

Frequency (Hz)
Fig. 11 Power spectral density spectrum and overall
level (reference pressure 20 pPa)

TC-car Time: 1.28

L.

=

Prossurs DatmsorComp 3 A 19 0 W 7 30
Time: 132

(b) Incompressible pressure fluctuations

Precsure Datasst:Comge 8.7 6 5432101234567 8 E‘“

C | ———

(c) Compressible pressure fluctuations

Fig. 12 Temporal pressure fields obtained from inverse
Fourier transform (unit: Pa)



Songjune Lee et al.; Wavenumber-frequency Analysis of Surface Pressure Fluctuations for Prediction of Interior Noise of ...

(©)= 27 Fig. 10(a), (b)9] ¥I%H:
F4 4T 949L o Feo Mg
Tl A & LRl HIEEA/RES
s

c}):},
E o wRe YRy g ¢
998 ol

El

Ay
o,

Mo
o N o ol

=
!

¢

= =

S0k B4 Al dxjel e Al 1)
3 -t B8 533} slanted Dirac cone
o AT A0 ol Z7tel IS
QeI PSD e S QS aYn), el el
HIEA 99t b oY sl dis) o el
W3kato] AR RE GolA 9] Eeld B SEAE
NEE A5, Feld AnenE G e
Sol )k R EHEY Al e A4S
2 o 4 ek A 2ol el ARe) 2
£ B8 Rz AvEe dAYS Aoz Qe A
WHoR v Be 2slel A gl Ak
Ul gl A= dge FAIE 4 glom!h,) 7t
A2 ko] HEMU-430X9] m¥tel s SAshaL
Wt} 43 7ol SN 12 s, 27t
REO] W P 2%ol HAE QRS AP
= ¥ oot

& At g 72 AT A A 2d)el <

References

(1) Noh, H., Choi, S., Kim, S. and Hong, S., 2013, A
Study on Interior Noise Characteristics of High-speed
Trains, Journal of the Korean Society for Railway, Vol.

16, No. 1, pp. 14~19.

(2) Zhu, J., 2015, Aerodynamic Noise of High-speed
Train Bogies, Ph.D. Thesis, Engineering and the Environ-
ment, University of Southampton, England.

(3) Hartmann, M., Ocketm, J., Lemke, T., Mutzke, A.,
Schwarz, V., Tokuno, H., Toppinga, R., Unterlechner, P.
and Wickemn, G., 2012, Wind Noise Caused by the Side
Mirror and A-pillar of a Generic Vehicle Model, Proceedings
of 18th AIAA/CEAS Aeroacoustics Conference (33rd AIAA
Aeroacoustics Conference), Colorado, USA, doi: 10.2514/6.
2012-2205.

(4) Cho, M., Kim, H. G., Oh, C., Ih, K. D., Khondge, A.,
Mendonga, F., Lim, J., Choi, E., Ganty, B. and Hallez, R.,
2014, Benchmark Study of Numerical Solvers for the Pre-
diction of Interior Noise Transmission Excited by A-pillar
Vortex, Proceedings of Inter-noise 2014, Melbourne, Australia,
https://www.acoustics.asn.au/conference proceedings/INTER
NOISE2014/papers/p573.pdf

(5) Paradot, N., Masson, E., Poisson, F., Grégoire, R.,
Guilloteau, E., Touil, H. and Saguat, P., 2008, Aero-acoustic
Methods for High-speed Train Noise Prediction, Paper pre-
sented at the 8th World Congress on Railway Research,
Seoul, Korea.

(6) Andreini, A., Bianchini, C., Facchini, B., Giusti, A.,
Grazzini, F., Bellini, D. and Chiti, F., 2011, Large Eddy
Simulation for Train Aerodynamic Noise Predictions, Paper
presented at the 9th World Congress on Railway Research,
Lille, France.

(7) Yu, H,, Li, J. and Zhang, H., 2013, On Aerodynamic
Noises Radiated by the Pantograph System of High-speed
Trains, Acta Mechanica Sinica, Vol. 29, No. 3, pp. 399~410.

(8) Meskine, M., Pérot, F., Kim, M. and Freed, D. V.,
2013, Community Noise Prediction of Digital High Speed
Train Using LBM, Proceedings of the 19th AIAA/ CEAS
Aeroacoustics Conference, Berlin, Germany, doi: 10.2514/6.
2013-2015.

(9) Lee, S. and Cheong, C., 2016, Decomposition of
Surface Pressure Fluctuations on Vehicle Side Window in-
to Incompressible/compressible Ones Using Wavenumber-
frequency Analysis, Transactions of the Korean Society
for Noise and Vibration Engineering, Vol. 26, No. 7, pp.
765~773.

(10) Herpe, F. V., Bordiji, M. and Baresch, D., 2011,
Wavenumber-frequency Analysis of the Wall Pressure Fluc-

Trans. Korean Soc. Noise Vib. Eng., 29(1) : 141~148, 2019 | 147



Songjune Lee et al.; Wavenumber-frequency Analysis of Surface Pressure Fluctuations for Prediction of Interior Noise of ...

tuations in the Wake of a car Side Mirror, Proceedings of
the 17th AIAA/CEAS Aeroacoustics Conference, Portland,
Oregon, USA, pp. 3823~3839. doi: 10.2514/6.2011-2936.

(11) Van Herpe, F. A., Duarte, L. O. and Lafon, P., 2012,
Sound vs. Pseudo-sound Contributions to the Wind Noise,
Proceedings of the 18th AIAA/CEAS Aeroacoustics Con-
ference (33rd AIAA Aeroacoustics Conference), Colorado,
USA, doi: 10.2514/6.2012-2207.

(12) Blanchet, D. and Golota, A., 2014, Combining
CFD/ FEM/BEM/SEA to Predict Interior Vehicle Wind
Noise — Validation Case CAA German Working Group,
Proceedings of the KSNVE Annual Autumn Conference,
pp. 800~811.

(13) Heo, S. and Cheong, C., 2014, Efficient Prediction
of Broadband Noise of a Centrifugal Fan Using U-FRPM
Technique, Journal of the Acoustical Society of Korea, Vol.
34, No. 1, pp. 36~45.

(14) Lesieur, M., Métais, O. and Comte, P., 2005, Large-
eddy Simulations of Turbulence, Cambridge University Press,
New York, pp. 39~49.

(15) Kwon, H., 2018, A Study on the Resistance Force
and the Aerodynamic Drag of Korean High-speed Trains,
Vehicle System Dynamics, Vol. 56, No. 8, pp. 1250~1268.

148 | Trans. Korean Soc. Noise Vib. Eng., 29(1) : 141~148, 2019

Songjune Lee received his B.S. and
M.S. in school of mechanical engi-
neering from Pusan National Univer-
sity in 2010 and 2016. He is now a
Ph. D. student in school of mechan-
ical engineering at Pusan National
University. His current research in-
terests include automobile, high-speed train wind noise
and Lattice Boltzmann Method.

Cheolung Cheong received his B.S.
in Aerospace Engineering from
Seoul National University 1997. He
received his M.S. and Ph.D. degree
in Mechanical and Aerospace Engi-
neering from Seoul National Univer-
sity in 1999 and 2003. He is now
a professor at School of Mechanical Engineering at
Pusan National University in Busan, Rep. of Korea. Dr.
Cheong’s current research interests include automobile
wind noise, propeller cavitation noise, duct noise, fan

noise and computational aero-acoustics.



Transactions of the Korean Society for Noise and Vibration Engineering

Information for Authors/==22l1 XLzt

M

@

©)

Q)

©)

(©)

@)

®)

Papers should contain new results of original research and academic contribution to noise and vibration en-
gineering, which hasn't been submitted or published in any other journals.

RGO WSS B GO T EE B G 208 ASAEE vstel By oln
AT Fe ACE Fk.

Authors who want to submit the paper should be the member of the Korean Society of Noise and Vibration

=]
77

e

Engineering. However, exceptional case can be made by the society.

el 938 FRsaa St At FRasNEIE 998 9508 9w B s g
gt A= deR gt

The manuscript should be written in Korean but English can be accepted.

w=RAe] Qi wold Axew sh} 4 we golz @ 4 3tk

The acceptance date is the date on that the society office receives the paper. The paper can be cancelled if the

revised paper hasn't been returned to the office within one month after the paper was sent to authors for

revision.
Y] Haede 2 oA Hag G2 ity o U8 41T o 87 9 2 g3efA

WE3E dRAE 171 ool Qiﬂﬂ e drole FAx & vk

Authors are responsible for the content of the paper. The copyright of all papers submitted to the journal is
transferred to the Korean Society of Noise and Vibration Engineering and authors should submit the consent
form(statement of copyright transfer). And it must comply with the code of ethics, research ethics and commit-
tee regulations.

Harfgo] AP AR7E A, Agd e =i ARG Ales Sl ARde deasi
e e Folsha, wed, Arad B A9 29 S Eskelok g

The corresponding author should be a senior member among authors. If the corresponding author's affiliation is
university, he(she) should be a professor. If the corresponding author's affiliation is research institute, he(she)
should be a team leader.

o] WAL AF YA ol ARe] o] shel A
7leo2 st

The decision on the selection of the paper follows the paper review rules.
Aare] Agoli= Hrr A3 = ATl whEth

Authors of the paper should provide the paper processing fee and publication fee.

e Az =R AN gl el 2] =] sH] 9 ARSHE delof dth

T, ATE e BEF olE

El

Trans. Korean Soc. Noise Vib. Eng., 29(1), 2019 | 149



Transactions of the Korean Society for Noise and Vibration Engineering

Guide for Authors/=231 ZZeH

(1) The manuscript should follow the format(can be downloaded from the web site). The paper can be typed with
HWP or MS-Word. The paper should be submitted on-line.
wrdas Al 4 Apelz=m 9] 33 =Eda AEHeAAA TR ol hwp =
MS-word 2 2}/ 8kaL, 48] Fao]A] =it FaL AAtell A AlE T

(2) The paper should be written in Korean. However, the original terminology can be typed side by side with para-
thesis to avoid confusion. The loanword orthography follows the government guideline.
wrgaLe] gofe wol2 Ak Ae dFHom &, oo FEo] & A ()l o= W
T qlem, ool ®7)= AgFetel etk

(3) The manuscript should be organized in the following order: (1) Title (2) Name(s) of author(s) and his/her
(their) complete affiliation(s) (3) Key words (4) Abstract (5) Nomenclature (6) Introduction (7) Main body (8)
Conclusion (9) References (10) Appendices.
=1 AAE vl mES dFoz St () AE ) AR (3) F7]EE0l(key word) (4) ZF (5)
7134 () 2 () EE ) 22 ) FuEd (1055 5

(4) The title should be concise and consist of Korean and English titles. The name of authors should also consist
of Korean and English names.
wwl] AES ASA FAEH S FEAES B8 AEE S Jees WPtk

(5) The abstract should be written in Korean and English not exceeding 600 characters or 250 words.
258 Foj9h Joj= ZH7f 6004} Hi 250k WSl 2 s

(6) The number should be written in Arabic numeral and the SI unit system should be used.
SARE ofEH]of A ARSI, ¥ @9l H=E S T9E AR ST

(7) Tables and figures of the paper should be arranged in order and inserted into the main body. The title and
content of table and figure should be written in English.
e F ® A" s e T shdel] Aol olal Abslsk, 1 AlEY 82 dolz 3719
= 9¥5ow Jnh

(8) Use the following formats for journal articles and books as References.
o] e A7IRIEAY e AR, @b, AlEE, A, d-sWe, HolA s sow 7
abar, welie] Ae-w AR, Wb, AW, AW SWAM, SRARRAAY, T4, delAWEsoR 7
e, 1 AN-E EEue] 8T sow vEdt e eyor BE wnd dEow VAeh, 8l
17 o2 =g Ea 3t gl A= Fk
(1) Cooley, J. W. and Tukey, J. W. 1965, An Algorithm for the Machine Calculation of Complex Fourier Series,

Mathematics of Computation, Vol. 19, No. 4, pp. 297~308.
(2) Meirovitch, L., 1980, Computational Methods in Structural Dynamics, Sijthoff and Noordhoff, Maryland, chap. 5.

(9) References should be cited as follows.
el Ay Q182 vt o] gtk
(1) Lee and Park®---
(2) ... solved by the Rayleigh-Ritz method®.

(10) The original paper should contain names(both in Korean and English), affiliations, the name of corresponding
author including address, phone number, fax number and email address.
AiF EEEIA =R ARG, A A L 25 A, AKEAL B FAA
<A AHA> Z Corresponding Author)®] 24 % ASPHS(FAX. ¥3), Bmail T2 HE3] 7|A|gch

(11) The final manuscript accepted for publication should be submitted to the editor office through the society web
site.
AL F AE AR =RUnE 8 Fo A EER AL B o) AT AZ,

150 | Trans. Korean Soc. Noise Vib. Eng., 29(1), 2019



Korean Society for Noise and Vibration Engineering
Research Ethics and Ethics Committee Regulations

SR A SR =255

OO_|

ATgE ¥ RS 29 43

M

@

(©)

4

(Purpose) This provision is subject to the code of ethics of the Korean Society for Noise and Vibration
Engineering(KSNVE), which publishes and presents academic activities such as research ethics and the establish-
ment of relationships in KSNVE. The purpose of this document is to set forth the terms of the research ethics

committee for operational sanctions.

(BA) B AL a5 (o8 “3h3] e} shtho] e dol] wet 3|olAe] v i S
stededt WS ArEelel S, AR AR o Jﬂr S, AME AT A7a993
(olst “13 et drh 3 ol B AR TS FHom Ik

(Configuration and Functions) (D The committee shall be composed of one chairman, one secretary, and five
committee members. (2) Chairman and members shall be elected by the board of directors and appointed by the
KSNVE president. (3 The terms of the chairman and members are two years, and both can be reappointed. @
The chairman shall represent the committee and oversees the work of the ethics of the KSNVE.
A3 74 2 ) O A= AL 193 AF 19, A9 sHeE A @ A9 R fdd
= oJAtBlol A HEsh Bl fHdith O A9 F A = 2dew S A Atk @
A2 DS vEstar 39 felo] #d dH-E FEIH
(Function) The committee shall work with the following contents: (1) Research and prosecute established ethics,
(2) Prevent and contain research misconduct, (3) Research misconduct deliberation and voting, (4) Report results
to the board of directors for decisions and sanctions more on cheaters, (5) Provide more details on the im-
provement and promotion of research ethics.
(9sle] 71%) AU te) Ygo fEut 1) dray £ 9 R 2) A7 RS oy
3. 3) A7 2R A 2 o)A 4 2RI dE AANNE 2 2 olAkalel Aok 5)
Pek - gelel A 9 el ALY
(Convening and Voting) (D The committee shall be convened as necessary by the chairman. The vote in favor
of 2/3 of registered members. @ The details that have passed the vote shall be notified to the suspect of mis-
conduct (defendant) and the defendant's opinion must be received as a written plea within 10 days. @ The
committee shall review the explanatory materials received from the person suspected of misconduct. The ever
need to listen to your thoughts when the final vote. @ The details that have passed the vote shall be reported
to the board of directors to reach a final decision. (3 When judged necessary, the chairman may listen to com-
ments from outsiders or non-members. & The presented details of attendees or the details of meeting from the
committee shall be kept confidential as a general rule.
(193] 23 2 o) O Ad3l= Aol e wet Axsie, A9 239 Hdew odsith
@ o149 &2 g3 oJdxk] Xﬂ/\x})oﬂﬂl SR8kl 109 ool MHow 4
ok © Ad3]elM= FAYS Az e ARt B e s
JAES itk @ o]Add W& oAkslel] Halste] HF AAITE © 9] desira 4T 7
o
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HTAE 9oz 3t}
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(Scope of Research Publication Misconduct) (D "Plagiarism” refers to the act of theft without quoting such in-
formation or the results of the research of others without revealing the source. (2) "Falsification" or "alteration”
is the use of another person's or one's own research results of operations or strain, says the act of distortion.
@ "Duplicate publication" stands for the act of publishing the same details in two or more journals. @
"Wrongful inscription of author" stands for the action of putting on someone who has not contributed to the re-
search as an author. (® Others say the unacceptable range.
(AE FAa9e M) @ “xg oldk EAHE WalA ok Al el Aoy An T <l
| a1 =8shs PF9E wITh @ «91x B dlx & BRlojy 2] ALl AgtAbn Aol x7t
Wy, d=sks BE LI @ <ol TAA 7 271 o] Ao FdT WES A BE
th @ 5§33 A7) & ATl 71oahA] e e AR SEe s Eeth © Ve &
T e HelE wdth

(Informing and Notifying Research Misconduct) D The contents of research misconduct are limited to the pub-

Ni

o
o

JH

s

ro it O oo

-1m

-

)
s

(=

lications "Journal of KSNVE" and "Trans. Korean Soc. Noise Vib. Eng." @ The report of research misconduct
must be submitted in writing accompanied by the relevant data in accordance with the five W's and one H. @
The committee then received a report that information within three months of deliberations to finalize the report
to the board of directors. @ The final content as determined by the board of directors shall notify the in-
formant and the malfeasant within 10 days and posted on the KSNVE homepage. (& The end result regarding
the misconduct should not be released to the public before finalized.

(AT PR AR L FR) D AT AR WEL FRASAVETII=RYR FAA (&g - 2
el e APl ety @ A7 FARN S ARE SshdHo] wel dE ARE et AW
o AFstolof dtt @ 3= AR} Zéfr% T 3704 el o] W8S gAsto] olatglo] rarst
ook gtk @ olAkzlellM HE AA" W82 104l AlRAet FA YAl A SRk o435] o]

ol AP © AT g EH??L HEAITE A7) Aell= el gE M= etk

(Sanctions for Research Misconduct) (D For authors whose research misconduct has been confirmed, punishment

A&
may be selected to be imposed on each case after being reviewed by the committee and considering the se-
verity of misconduct determined by the committee: 1) Cancellation of publications published by the KSNVE for
the announcement study, 2) Prohibition for five years from contributing "Journal of KSNVE" and "Trans.
Korean Soc. Noise Vib. Eng.", 3) Prohibition for five years from attending the KSNVE Conference, 4)
Notification of the details of misconduct to the institution, 5) Disqualification of society members. @ If a caller
has intentionally and falsely reported a violation, according to the decision of the committee, the committee
may impose the same sanctions and level as described in "Sanctions for Research Misconduct."

(A7 APl g AA) O A ‘jﬂo] Sl ARl A= L3 Aol whet AR BTE
agste] thgo] AAE AdEste] 7k = Qdvk 1) d TRATEel e 83 FEEel] AAF A 2)
59zt o43]9] =243t srEl Aol TF—%X] 3) 5%t o13] shadE] EEEAl. 4) FAYAA AT
RS g SR 5) o3 A wE @ ARAE oz FLAEE S AT sl AA
of wel A FAYNA I FA AAE T S vk

This regulation shall enter into force on October 24, 2008 (enactment)
B 2008 109 2429 3E] Al ITHAA)
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Research and Publication Ethics| I T+=TR2|

All members of “The Korean Society for Noise and Vibration
Engineering” should perceive that our researches improve the
quality of life of human and have a great influence on
community. Also we should cherish harmonious and tranquil
life, living together with neighbors and nature. Therefore, all
members of KSNVE should have higher moral sense and be-
have honestly and fairly to maintain authority, honor and

dignity. | #2805 888 o] RE U o A& T

ABER 2 T FE AL A3, T2l ol 2 Aelx
Ho] b 25HERL BEW A4S £33 oAtk ol RE 59

ARARAS B fEoe AT B, Bel, A19S A2
o

A== Y13

o

Authorship | Xt2] 22|2]4|

1) Authors should use their own knowledge and technology to
improve the quality of life of human. | %2 ¢159] ke & &
&E SlEte] ARrle] AAF 7] ARgSkaL 7] efsteiof gtk

2) Through the activities of KSNVE, authors should contribute
to the development of Noise and Vibration Engineering and in-
dustry and make efforts to promote the public interest for tran-
quil life. In addition, they should devote themselves to their
field and strive to boost competitiveness and the authority as
experts on Noise and Vibration Engineering. | -2 3|25
Eato] B3 G 98 ASxEEst Ak el vlolata, &
o] FRlel| w=stoiof gt} EE ASHFFE HETEEA] ARk
o 443] BAKskaL B ALNE Eol7] f18 wste]of il
3) Authors should behave honestly and fairly for education, re-
search and real participation according to their scholastic con-
science and ethic. | $-2]& S, A7 &% 9@ Ay 2@F a8
A ol glo] FAsta TRl Aske, fEdd S F
Aol FAatelof gk

4) Authors should not behave against the purpose of the foun-
dation of the society. | §-2]= st3le] ALA o] wksla &&=
ANHEHE-S stefAlE oh drh

Duplicate Publication of Data | =2 0|F AIX|

Papers should contain new results of original research and aca-
demic contribution to noise and vibration engineering, which
hasn't been submitted or published in any other journals. Also
the published paper to this journal should not be submitted or
published in any other journals. | F=&52] &2 €} ol Far
e ERHA &2 AR ASXlEestd sl HE e 8t
B2 77 e AeR vk daAag s ets=gel AlAd

RS o] F v Aol R E: BEE 39

v

Plagiarism | X

Authors must not have presented portions of another’s work or
data as their own under any circumstances. | E}Ql9] A F%
o] RES Al Ay =1 AXF =Eolu Azl Al
Mz b =, Bljle] At H IS EFatolof gtk

Policy on Commercidlism | 2% 0|5

Manuscripts submitted for consideration for publication in
KSNVE are not to be used as a platform for commercialism
or unjust means. | 17T} BEste] 53 UG o] gt F
G FH-E o5& FsloiAE o€tk

Review | &AL
Every manuscript received is to be reviewed fairly by re-
viewer’s conscience as a scholar. And Ethics Committee delib-

erate and decide on all matters related to research misconduct.
[ = 2 AT Aakel 2HES Sl S @A) SHEA PAld

ue} sl AAslelol ek sk A 3R BaE wE
Age g9zt del % A4

Peer Review | HE7tAL 2P

Every manuscript received is reviewed by the writing guide-
lines and instructions of KSNVE. With editing team’s decision,
three peer reviewers are selected. The editorial director should
ask a review to selected reviewers in 10 days from application
date. The editing team takes responsibility for all general mat-
ters on peer review. If two reviewers among the selected do
agree to accept the journal, review process ends. | 2 7H({ 1 Tl)
P ATl ARt dxse A3 Jded o
Fagee s Fag wEdae oiste] AAeth e =7
dare AHEca AL, Brjolrhel Adstel A& HEs
AYE7E £E =2 A 30 AR, Agugete A
A=HH 104 ool =& AN AFE 2o =S
ojggt. oHust 5 ARl g ARkl Algke dE e
Alstol] =& AlAtel 30% ejFate] =7 A T 291 o]
oS ol HFAA

= The reviewer’s name should not be disclosed during review
process. If reviewers ask for exception, it might be accepted
only under the editing team’s decision. | AAF1€2] A2 tl<]
How vdw e dFow g o, ALY vt ASAl
AEe] Bt gl 97t A 5 AUrk

= If it is necessary during review process, authors and re-
viewers can exchange opinions on the intervention of the edit-
ing team. | ¥=% AL T Zashd HRE FAMEE AL}
AAZ} s mEet 4= 9l

= The period of review is two weeks(urgent papers is within
10 days). If it is over two weeks, reviewers get the first
reminder. And if review is not finished over four weeks, an-
other reviewer would be selected. | AARI oAl FHH =]
AAZIEE 25 olU|(XE=iS 104 oJuh®E 3shH, o] 7|3ke] A
i ARSIl A 13 55 vk AAbelE] §F 457 AuES
AAPATE A el tE el e ® WA g

= The paper can be cancelled if the revised paper hasn't been
returned to the office within one month after the paper was
sent to authors for revision. | U149 4 B3 5o 874 Ui
7 A" e o AREEelA e dEFE 14 ol 3%
HA4 &g Afole Hx Sk

= If the author of the unaccepted manuscript requires review
again, it cannot be accepted. | HFH o2 ANYERE) E7HAT)E
=] As- AR A e A e woled g itk

Content and Publication Type | EESH

An original article, review article and errata/revision/addendum/
retraction can be accepted as a publication type of this journal.
| ¥ =5de] &3 f3o2= A (Original article, Review article),
L5178 73/5 7Y A A 4 3] (Errata/Revision/Addendum/Retraction) 9} -2
TH7F dom ol g3 Fd-S vt dvth

Fee for Page Charge | AIXi3|H|

If the manuscript is accepted for publication, authors of the
paper should provide the paper processing fee(50,000 Won)
and publication fee(General papers : basic 6 pages 100,000
Won, for extra page: 20,000 Won/page, Funding papers : basic
6 pages 150,000 Won, for extra page: 30,000 Won/page, Urgent
papers : basic 6 pages 200,000 Won, for extra page: 40,000
Won/page, Conference papers : free). | +=i-9319] A&} =7
A B8] el wEh Aol =R suked) 2 AIA S]]
(Y¥h=tt - 7]26d 109/ ankel, A9t] A9l 7]E 6
159hel/Zabd e 3nkel, =R - 7] 6 200kl ab s 4kl
St ReE FR)E FEslof stk
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