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The characteristics of the periodic arrangement of resonators is found to be capable of controlling

reflection and transmission as a band gap phenomenon owing to the unusual sound wave caused by

the periodic arrangement. In this study, the periodic arrangement of resonators was designed to ana-

lyze the noise attenuation in the frequency range of the band gap. Experiments were performed to

verify the acoustic characteristics of the resonator arrangement considering the flow. CFD simulations

considering the flow were performed to obtain the sound pressure level and pressure distribution, and

flow analysis was performed on the designed resonator model using an unsteady compressible

Navier-stokes equation. The analysis results of the periodic arrangement of the resonator were veri-

fied by comparison with the experimental results of the designed model.
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Flow solver Star CCM+
Solver type Segregated flow solver
Time solver Transient, second order implicit
Turbulence model RANS(k— &)
Scheme PISO algorithm
Time step 0.00001 s
Howmeter State equation Ideal gas equation
/ / / Mesh type Polyhedron type
e Inlet B.C Velocity boundary condition
Outlet B.C Pressure boundary condition
f‘ig.4 Shematic diagram of experiment setup Duet B.C Wall boundary condition
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ABSTRACT

The vibration control performance of an active twist rotor using multicyclic control is evaluated
and discussed. Artificial flight data for a descent flight with 6-degree flight path angle are generated
using CAMRAD II. A linear, quasi-static, frequency domain system model with six multicyclic high-
er harmonic control inputs and 12 harmonic response outputs of nonrotating hub loads is identified
offline by using the least squared error. The optimal control input for minimizing the quadratic per-
formance function and the corresponding response to the optimal control are calculated. The
open-loop control performance is simulated using CAMRAD II by applying the optimal control input.
The nondimensionalized vibration index combining 12 nonrotating hub loads is reduced by 93 % us-
ing open-loop control. The gradient descent method is applied for closed-loop control, and
MATLAB/CAMRAD 1I coupled analysis is performed to evaluate the closed-loop multicyclic control
system. The closed-loop control using the gradient descent algorithm with the system model identi-
fied offline shows very good vibration reduction performance, and the reduced vibration level con-
verges to the optimal solution.
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Table 1 Properties of the rotor and atmospheric conditions

Properties Values
No. of blades (N) 4
Radius (R) 2m
Chord (c) 0.121 m
Rotor speed (Q) 1041 r/min
Rotating direction CcwW
Weight (WO0) 3581 N
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Air density (p) 1.225 kg/m3

Temperature 15°C, sea level
Airfoil drag (cd0) 0.0075
Fuselage drag area 0.15m
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Table 2 Applied moments for baseline cases

Voltage input Twist moment
4, 300 V 1.5 Nm

240V (30 %) 1.2 Nm
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ths Atol2®] Aol 4] 45 2P, 3P, 4P 3R
g AR AR AR 6715 AREslSith

0 = [cos2P sin2P cos3P sin3P cos4P sindP]T
(17)

QA AN FIbE = AloHA] - FH 2, R
QA A = 30 %, 60 %, 80 % 37H4] IEZOZ 6
7 5941 vEH AE(cos2P, sin2P,
sin3P, cosdP, sin4P)S 83t 18714 5 2UE
%A At sh vle x7dol H8ste] 7] AlEY
old dlolElE AAsI 7t 5 2 FUkd
At @ HHEZ Table 20] A2kl

cos3P,

N
o
1
—N
k)
¥
o2 o
12
td
i)
o >
T
=5 flo
ol
ol e

Y
=
N
kA e
&
>
>,
[>
)
o
2
0.
e
=2
o 2
o 9 rr

dot Aot o ogk
ok
4
30,
=
]
v
(0
il
i1E)
i)
o
v
>
[~

oX, NIO
o

ro,
%

o
o
b
O,
24
2
iR
iy
o
-
oX,
ol
ol
rlr
>~
>
o

=
olo
ot

2L ofl
>
[
juii)

oXx Mo 1= oot of
o ofi 2
O o Jf
ol
o
o id
=
rob
=
®
N
XN
™
™
i r

oo
ol
o
2
o
N
sl
N
jatn)
o
o
Ao
o
r>4
o
ek

o L ox mll rx
o%
|o 2]
O

ol iu e

o
N

N, -
;ﬁ x
o
rﬁl O_>L
ol =
1 ofj
o b
mlo e,
o =
ox u
ok
o

o

» 2w oyo fo i

1o
rt
Y
==
nE

~
—_
~

of

ER e
offt &
o
e

rir
N o
EiL
R
1
=
=
£
o
o
e
b
=

o) AT 7R3 AR TE 7E o
2 90°9] 9IS 7hA o)

of W H3d K a5 B
ig. 5ol JERAT. F, S5 vig- A
AZo] 0% 80 %= S7F
A717}y Skt 2P, 4P T3}
gt o] 7Hle] o) =

lo
i
=5
i

frt
juach
2
ro
oy 20

R
N

=,
2
i)
M

%i (m 4

(03

e

(o

b
e

olo
ol
Lo

ol whe} &

A al

)
t
3
N,
_?L
ox JE
o

A

ro



Do-Hyung Kim ; Multicyclic Helicopter Vibration Control

Sine forces / Wo

Sine forces / W0

Sine forces / W(J

0.06 T T -
O cos2P
0.05 80% H % sin2P | ]
O  cos3P
o o] *  sin3P
0.04 | 60% A cosaP| |
vV sindP
0.03 | 1
0.02 | 1
0.01 1
ot ]
-0.01 1
-0.02 - : -
-0.04 -0.02 0 0.02 0.04
Cosine forces / W,
(a) Fi
0.04 T T T T T T T :
O  cos2P
0.03 - x  sin2P |
O  cos3P
*  sin3P
0.02 + A cosaP|
V sindP
0.01 1
of
-0.01 1
-0.02 1
-0.03 1
0.04 . . . . . . . .
-0.01 0 0.01 0.02 0.03 0.04 0.05 0.06
Cosine forces / W,
(b) Fy
0.35 T T T
O cos2P
0.3 X sin2p
O cos3P
0.25} #*  sin3P
A cos4P
021 V sindP | 1
0.15 1
0.1F 1
0.05 ]
0 ]
-0.05 1
01F ]
2015 . . . .
-0.3 -0.2 -0.1 0 0.1 0.2

Cosine forces / W0

(c) F:

Sine moments / W0 /R

Sine moments / W0 /R

Sine moments / W[J /R

4t 1
6 1
O  cos2P
x  sin2P
8t 4] O  cos3P| 7
*  sin3P
A cosaP
10 + o V sindP |
-4 -2 0 2 4 6 8
Cosine moments / W, /R %1078
(d) M,
-3
8 x10 . . ;
-
6 1
A
4t ; 1
| = — P TO— ...,
2t . 1
ol J
2t 1
4t 1
O  cos2P
x  sin2P
6 O  cos3P il
*  sin3P
-8 A cos4P 1
V sindP
10 | | I
-10 -5 0
Cosine moments / W / R %1078
(e) M,
-3
10 2107 . : . ! .
O cos2P
| A X sin2P | |
8 H O  cos3P
*  sin3P
A cos4P
6 v sinaP | ]
nt J
ol J
)
B
0f o¥ 1
2t 1
4 . \ \ \ \ \
-8 -6 -4 -2 0 2 4 6
Cosine moments / W, / R %1078

() M.

Fig. 5 Responses to independent control input

Trans. Korean Soc. Noise Vib. Eng., 31(3) : 247~259, 2021

253



Do-Hyung Kim ; Multicyclic Helicopter Vibration Control

e 2

ot IARRD Be] Tl o) =
atzoll ulsf oF 90°9] 9% A S HoFEh 3p F
T8 7HIgE A, ZARITE 7ERle] Ate]at Zhxle
3 ¢k 110°9] YAAFE JeERA Y cos3PS} sin3P
Z3 oz ¢lojo] H7)9f WHEko 2 REdES Al
7}sstet. EL}EW 2P, 3P, 4P9] U5 AbelZE A
° Al Qe XM 7}
s otes A4 %‘ Ark Fo 785 4P 71
S7Fskol whet v g A 54
FA 1k 2P, 3P ‘QE—:M] gk wke- S2do] Fot
2l Z$-o:= 2P, 3P
Jo]ojA 2P, 3P Al¥-9|
A7t &7Fs thﬂr

o 5AS AF Aol F
o] &8 7%% Ao HAY M, M, 9= 5
4?%01 glth M) 9ol %= 2P, 3P 7Hle] whE
EA9] vldg o] AT 4P 71l ofgk S
ol 77444 Ao} 7hsatrka Beltk Uﬂ@
F. 2 M, 5014 nxg E“O] E
Alol &l S F3tete] ES A
T HhA]Z M—% Ao 7]

1ol Alofs] ) ¢

$to] ul%A

_%ﬂ
=
o o

1

waoa 7

(ol
ol
oly -

=
1 o

TN & X
>

MO

N tlo o,
rlo

>

o off

ix)
[
i)
v
T

ez, O :10
ol

2
o,

o
o
:Lol
&2
rir
N
A=

V

&

o
X

N
P N, e

R
>
. Ol‘ﬂ ol
of o
s
r-{q, Jo ox

B
(2 ol

O

o
>
£

wn
W
oft
N
oy o &
te
U R
offt =

2
=
N

o
ot
o[

nm%

ofy

k)
T
>

A
Aol dtas X
Fig. 59 Z5©] <0<l
t}. 80 % H¥ke] 12

=

)
b
L]
" (]
%

[
o)
ot
fuj

> 48
N
\ &2
o
pne rﬁ,
offt
1o
™
i

[e: )
ox g rlf
% -

A ke
SR
i
L

>

o
[0 o>
kg
ox
Hr o
ol

O
-/

i
2 o
Wmi
2N

o,
L
offt
.

o 2

rlo ofy

(o3
oo
e
Ho
=
=2
>
2
2
s
>
&

tlo o>

,d
PRI
>

X2 o (U o\
o

P
¥ ot

2
P
oft
ol
o
o
o
o,
>,
i)

3.5 I}l A|AE| Alty
O~

A2 ko] At Alx
Hol el Aol 671e] Ao} o] M2 51
AHolnw 54 JEL 7HE 6719 Al fEow 4
A 671e] ElolE AER AR Ao] 7t
e o] AyelME Al 540
& HoFA GonR 674 ¥ w3t 37k A

Eﬂ _1;!_1:4] TL: A (6)*0“ o]

254 | Trans. Korean Soc. Noise Vib. Eng., 31(3) : 247~259, 2021

o oI AHE 18718] Y Hole AEE BT 4}
259k 9 We e Pk

0=10,0,..0,..0,] (18)

4714, 0, =[0.300000], 6,=[0030000],

0,=[0.600000], .., 6,5=[00000 08} ¢
E'_:‘l Z’E%Oﬂ ’]?‘5‘ %E—:]' %—Tj 6(]}%0 187H’] 01;1_ B“Ei
= HolA A "ol #-98 AR Alo] 9H
of s FYHE SR AoEA & el A &
AEE A% 853 Ao Yol 2ja] FIE 5ol
AR Azlgls Ajao|t) A|lAE AHS
Aol Aol oa fukEl AE §F AR
wE o} PAaS FAFor ) ez oy &
5 (k=1 ) A IS e e 27

W oghom Zeldd 72 FAsok ek

3.6 J-F= o

FeshEl Alzglel gk AlEH oS
A& wo=1, Wy, =W, =02 7PE3Ach
A Axkeb, okt 2

zﬂﬂ e A (1DE ol &
@J/]—E C}\AT:}'
_ _ _ T
0,0 =140.9 10.§ 53119 —4.6 —7.4] (19)
(%amplitude)
o Alel2 A4 Ale) Qee] 2p, 3P, 4P B
o] A AH

Y A Fig. 6(a)9‘r Z;]'_Ti =
)l

=

24P 3 ) i ﬂ%% 72} 42, %, 13.0% EL
deoll Ao H &
B -59.1% ot} o= e
3t 43549V 2 —472.6 Vol slgdeith A Ao} ¢
o] MFC #+571¢] 38 25 At W9E =03t
A gomE FIHAQ] ZA| glo] A& 7Fssith

| 9130 Fig. 77 2] F

.

=

2]

AE Aol Aes A
7H] 59 AlEdel o] I EHSI vt 2
o= Ay AlxEl HES o] ggt MPA|~E oS
olaL, the sh= A Al Y& AHE-E CAMRAD
1 ARtelth. JE ke 28 M= 12709 dRos
?‘45101 Aol o A2 Fhaskal thE Ao
7Yt A5 Alo] Aes Hrksly] ofgoh o
Aol Ass Hlaastr] 9 12709 &9 4 <
sk shke] 2E XS (vibration index, VI)=



Do-Hyung Kim ; Multicyclic Helicopter Vibration Control

Ehe] 2l =7) wake v wsisic,
VE, )P +(F, )2+ (F,,)?
Vi= :
W
. (20)
. V@, )2+ ()% + ()
RW,
A7NA, (F, ) =(F,,0)° +(F,,9)° 33 RiEE
22w, sk mW, el Sl palan, 4 63 4
HHE 7S AE A8dte] VIE 788 = o,
o] AFtelx= 7?3%]: AHEA Fokrh AP~
g oSS BT 96 %] VI {HATE ASEHUL
L}, CAMRAD II A4t A¥ol A= 93 %2] VI 7
7h ER1E ]tk o= deFy Edlo] eHsHA A
150 - T nl
2P control
------- 3P control
wl 4P control |
g
3
-100
-150 : : : : : : :
0 45 90 135 180 225 270 315 360
Azimuth angle (degree)
(a) Harmonic components
of the optimal solution
150 . . : .
100
g_
8
4100

150 L I I L L L I
0 45 90 135 180 225 270 315 360

Azimuth angle (degree)

(b) Resultant multicyclic
optimal control input

Fig.6 Optimal control for 2P, 3P, 4P

multicyclic control

input

& oy7) wgoln,
Fig 6& AWuw 2p Fu4 4o 4 o]
Kol

Qo Fa P LAYe & 5 ek web 2p
StEYTE ARESAL 2P, 3P EE 2P, 4P 2E o=
Aol A FHT ASIE A5 A% Aol &

28 Ao g ot} o]o Table 33 #o] 4572

0F AR Aol A 23l dg ABo S

Fste] e AP AeS vus] 2ot Casel

o] AE AH7zltoll 7F4 A o] A%t case 29} case 3
o)

= 5% Aes He Y sty AR AL
£ case 49 Ao Audoz A%E AL A%
o] Y}, Autx oz vl dry g nrs s
Ato]2E] jEo] X Azl a#Al AAE Ko
=

Table 39] 47}4] 7ZAS-o] W3 HA Ao gze

Fig. 85 e, WA YL G412 FulE wol
Ft} (+) Alo] ggo] BrtHE 2 WY U d

ok 135°~225° & 320°~45° Hd &P}t =
ZHYAA Ay 39 XA nose-up EHIET

FFF

Ny

A F7E A, AU} S EH M= nose-down
60pt Linear System Zopt
—_—]

T

ZOpt =Zy + Tgopt

(a) Linear system prediction

QOPt Zcamrad

CAMRAD Il
T

(b) CAMRAD I calculation with optimal input

Fig. 7 Open-loop control simulation

Table 3 Vibration reduction performance according to
multicyclic control input changes

Case Harmonics 'VI reduct'io.n VI reduction
of control | (linear prediction) | (CAMRAD II)
1 2P,3P,4P 96 % 93 %
2 2P,3P 95 % 91 %
3 2P,4P 95 % 88 %
4 2P 75 % 66 %
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ABSTRACT

Power generation facilities carry out periodic preventive maintenance to ensure smooth generation

of electricity. However, frequent maintenance results in considerable losses such as suspension of op-

eration and unnecessary replacement of parts. In order to overcome these issues, it has been pro-

posed to develop an asset health index to reduce the maintenance and economic costs. To improve

the reliability of the asset soundness index assessment, this study considers pump efficiency and con-

ducts a state assessment study. Based on the results of the improved asset soundness index assess-

ment, important information is expected to be provided for developing an efficient maintenance plan.
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2. Asset Health Index

2.1 Asset Health Index Flow Chart

Fig. 1 AHI®| e 7} 23] A=A 3 9la)
23 AHI work process flow charto]™, thAAdH]
= T4 HE A boiler feed pump(BFP)E
o= dAste] A5 Faith

BFP= HAPfM Hod 598 w2 HEoR ¥

wohs AR|EA, -5 Foll A7 EAs EH e
CREE It 76‘3]@ EAo] MAEHA HBR 7PEE
FO7F QE= Aot} whbA o] ¢14-9] AHIC 7t
AHele] diAn| = A ekeitt Atk o] AdAdsigit
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Fig.1 Work process flow chart of asset health
index

Evaluation ‘
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Table 1 Boiler feed pump data measure sensor point

Boiler feed pump

Pump vibration (DE-X)

Pump vibration (DE-Y)

Vibration
Motor vibration (DE-X)

Motor vibration (DE-Y)

Pump bearing temperature (DE)

Pump bearing temperature (NDE)

Motor bearing temperature (DE)

Motor bearing temperature (NDE)

Motor winding temperature (U PH)

Temperature
Motor winding temperature (Ul PH)

Motor winding temperature (V PH)

Motor winding temperature (V1 PH)

Motor winding temperature (W PH)

Motor winding temperature (W1 PH)
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Table 2 Boiler feed pump vibration, temperature criteria

Boiler feed pump

Motor winding temperature 130 °C
Motor DE&NDE bearing temperature 95°C
Pump bearing temperature 90 °C
Pump&Motor radial vibration high 100 /m
Trip

Motor winding temperature 135°C
Motor DE&NDE bearing temperature 100 °C
Pump bearing temperature 95°C
Pump&Motor radial vibration high 165 (m
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uel EakE H(normal FEIZIE AF(NCS)),  BAC B ARZIFEC] FRA Bds T AAH
(alram AEH7]E HF(ACS)E &&3te] index W, o]& W AR 2 A4& 878 €r) o]
TE sl ATolM e B Ao FA RS 94 2 AR v
AzEel ngRE eholneYE Hgdtel 8
Measure Value =21.67 1) NeAs M4
0 oLm 100 IFRE= glo]lHEE|#@ RCM(reliability centered
o < 21. < , 2
ev v Acy @ maintenance)S 79Fo. 2 AU 14 RE glo|H g
o g HE 2 A Pz WE BAG s A}
Snest (35— Baes) X 21.67,/100 4¢0y) =4.57 43 == 3] s =
) ato] 71 AE AASISIT Table 4= HZ ] 3)At
ZYE 2 232 A3 A5 24, dAIZ coupling
o] A9-ell= Wss Sl 1089 s AE3 AR
2.5 24 ¥ JER MY (7]18) 7F 216, bearing®] 7ol ES SalA 209, A
gule) deigrke Sa) sl 2x o e o HLEE BN 149, Wl LEE B 5
& A%, 5 7 A(weight factor)'? Ago] B4z B HEFE AlVE oBR, o]& VNkoR 7t ]
oz Fauolof gt} A 7FER AAL A indexEY §E WEESIY 7S AL
Table 3 Index score (vibration, temperature)
Measure value Criteria Index score
X axis y axis bl el Trip x axial y axial
N) (A) (T)
Vibration Pump 9.77 9.67 x<100 |100<x<165| 165<x 4.80 4.81
(4m, rms) Motor 47.04 40.82 x <100 100 <x <165 165 <x 4.06 4.18
Pump bearing 51.81 4593 x <90 90<x<95 95<x 3.85 3.98
Motor bearing 65.03 64.13 x <95 95<x <100 100 <x 3.55 3.57
Temperature Mo“’r([‘j”)i“di“g 102.47 101.00 x<135 | 130<x<135| 135<x 3.42 3.45
O]
Mo“’r(\‘;v)‘“dmg 99.37 100.75 x<135 | 130<x<135| 135<x 3.47 3.45
Motor winding < <
(W) 102.15 102.86 x <135 130<x <135 135<x 343 342

x = index value

Table 4 Weight factor (vibration, temperature)

BFP
Discovery method Vibration Winding temperature Bearing temperature
Coupling 10 0 0
Shaft 13 0 0
Bearing 20 14 5
Impeller 10 9 3
Count 53 23 8
Wight factor (%) 63.1 27.38 9.52
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A, A 2 EFF 9= AT A 8 ARS
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Table 5 Efficiency value
Flow Original efficiency Calculation efficiency Efficiency gap
250.8 70.6 65.4 5.2
260.2 72.0 66.5 5.5
270.5 73.0 67.1 59
280.4 74.0 68.6 54
290.4 75.0 69.4 5.6
300.4 76.0 70.1 59
310.6 77.1 71.5 5.5
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Fig. 2 Manufacturer's efficiency and calculated efficiency comparison
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of Head #4& ANSIAPI 610'99] €4 #329]  Table 6& H2|H preferred operation region=74.4 %<
&g 2ol dist - AEato] FEVIES x, allowable operation region =74.4 % < x <35.75, Trip
A HeFAth =35.75<x9] °§Qt§ £ normal, alarm, tripS2 <]
5] A7 W o
Table 6 Efficiency criteria oot A7l ek s
Criteria Efficiency value (%) 3.4 Boiler Feed Pumpel &8 %7}
—_— " Hiol GE 0 W 2449 028 A5 A
orma A4 <x - - - -
= Wy %OI 1%6}04 Axrd &8 g 449
Alarm 3575 <x <744 FH7IEE T 289 a4 s Elen,
Table 78 3418 &8 o4 A5 23E A3 £
Trip x<35.75
oJtt.
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BEP
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" | e
8 sheenyansdine Preferred Operation Region = 1
Normal
60 =
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o
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Flow
Fig. 3 Boiler Feed Pump Operating area
Table 7 Efficiency index score
Criteria
Measure value Index score
Normal (N) Alarm (A) Trip (T)
Efficiency (%) 66.89 744 <x 744<x<3575| 35.75<x 3.66
x = index value
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Table 8 Efficiency weight factor

BFP
Discovery method Vibration Winding temperature telligzrriariﬁre Efficiency
Coupling 10 0 0 0
Shaft 13 0 0 0
Bearing 20 9 22 0
Impeller 10 3 0 9
Diffuser & Volute 14 0 8 12
Count 67 12 30 21
Sum 130
Wight factor (%) 51.54 9.23 23.08 16.15
Table 9 Asset health index evaluation score
Grade
Category / scale 5 4 3 2 1
Definitions Very good Good Fair Poor Very poor
Table 10 AHI diagnosis results (efficiency index = O)
Boiler feed pump
Measure value Index score W/F I/W score
x axial y axial x axial y axial X, y axial x axial y axial
Vibration Pump 9.77 9.67 4.80 4381 o 295.05 295.66
(sm, rms) Motor 47.04 40.82 4.06 4.18 249.56 256.94
Pump bearing 51.81 45.93 3.85 3.98 105.96 109.54
Motor bearing 65.03 64.13 3.55 3.57 2732 97.71 98.26
Temg)eg)ature Motor winding (U) 102.47 101.00 3.42 3.45 37.65 37.98
Motor winding (V) 99.37 100.75 3.47 3.45 11.01 38.20 37.98
Motor winding (W) 102.15 102.86 3.43 3.42 37.76 37.65
Before applying pump efficiency
Sum of /W score / sum of W/F = operation evaluation score Sum of W/F Sum of W/F score
4.11 422.02 1735.90
3.5 HZ &8 7t83x M¥ S84 e A golth
HE a8 7keA AL 2549 82 W THEA
AR A FdaAl Bl dule] fAES 4 4. Asset Health Index 7HZ 1}
9 AR PEASEY DR dolnedE 4
st A9 om, Table 82 Ay M uFRE= AHI 7= opge] A3t o] 84 H A9} 7}
grojuejg]e] A ol P F&E FUletel  FAE w3 UW Scored] & T HEA S W
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Table 11 AHI diagnosis results (Efficiency index = X)

Boiler feed pump

Measure value Index score W/E I/W score
x axial y axial x axial y axial X, y axial x axial y axial
Vibration Pump 9.77 9.67 4.80 4.81 154 245.52 246.03
(im, rms) Motor 47.04 40.82 4.06 4.18 207.67 213.80
Pump bearing 51.81 45.93 3.85 3.98 88.17 91.14
Motor bearing 65.03 64.13 3.55 3.57 2308 81.30 81.75
Temgg)amfe Motor winding (U) 102.47 101.00 3.42 3.45 31.33 31.60
Motor winding (V) 99.37 100.75 3.47 3.45 9.23 31.79 31.60
Motor winding (W) 102.15 102.86 3.43 3.42 31.42 31.33

Efficiency(%) 66.89 3.66 16.15 61.45

After applying pump efficiency

Sum of /W score / sum of W/F = operation evaluation score Sum of W/F Sum of W/F score
4.09 370.01 1514.65
of H5E WEAAGOM, o ATIAE AHIS A AW BES 374 WA Auh el Bt A
Bel NPde PHe BUH] AN BE B8 wud xF o we H47h AEHE Ao uol
27} Aga7) W) AHL WARAE m G J1E BonT 949 N1ES 48a9es o)
sl sh1ow, ool weh A Qe AR e
Ao o)
Z[/ WScore
AHI Score = (W ®)
5.4 &
Table 9= A4 BFP2] AHI scored] W&} very
good, good, fair, poor, very poor® % 57}4] AdH]2] o] 7= boiler feed pump2] T-&421 An|ol A
FHE H7Fe o™, AHI Score AlMH- ofzfo] A Elwte] 2 ]S F3317] 913] asset health index 7l
o 3 o] a3k ol gk A5 ST Index A2 HAIRE
Table 10> &85 A43l7] A9 AHI H7} 23} # 5=+ operation datas S e, Wojd 2% A
2 BFP A% 84 ¥ Hee 7lgA a8a 84 MEE 8% index® AAsl] Fsglon, &
A, Al UW scores APldh stolw, W7F 23 AlXR KS B 1SO 51989 944, AH 9 S5 A2
BFP9| AHI score”} 4.11 2% AH|9] JE|7} good & AlF 4 AFE Faste &Gtk a7
o J53 FFEOE FHHETE Table 112 &8 4 2 AE, Wojd 2%, 259 49 HE A2l
& 5 AHI H7} A9 A5424, H7} 23 BFPY BuALS H83819 7} index 'H normal, alarm, trip
AHI score’} 4.094 2.2 AH|9] AH7} goodoZ & o= FHIP o, a8 A AHr|Fo] 1A%
53 FFoR dhenh UA] 2o} ANSI/API 6102] 94 pumpe] &8 &
Hlal Ad 58 A8 7, §9 AHI A9 Aok Aol g A3-& 48814 normal, alarm, tripO.&
0.028 =% wHaA Yehde, o]8d o= 54 A 7IeS SIS 7T ROMS: 7iteR
g dlo|E7} O/H 4] o] %] vlolB = du]e] e W iolA HAE Qe 7 Abjes H BE T
7F 8% Jdeell 7k AdEleln, gk 3UME flal o w HE E Xtk index W WIEE T4 AR E
AREE dlolEl ] 7]3te] Fol vlwA Axr} wu|e 38319 discovery method?] F&, Hoj¥ 2%, A
205 ke A%, 389 index®] &5 7Rt R THAE A
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ABSTRACT

To design a spacer grid for protecting underwater structures consisting of cylinders against sudden

external loads, it is necessary to perform a numerical analysis on the coupling system considering the

structural vibration and surrounding fluids. The structural vibration of cylinders coupled with viscous

fluid is predicted by using the spectral element method (SEM). Scattering waves induced by traveling

plane waves are calculated and utilized to investigate the pressure forces of structures, and

the

transfer function for the flexural vibration and pressure amplitudes of plane wave is calculated. The

finite element method (FEM) is used to verify the numerical results obtained using the SEM. The

amplitudes of the added mass of each cylinder are dependent on the gap between surrounding fluids

and adjacent structures. When the input frequency

of traveling waves is increased, the pressure fields

become significantly more complicated. When the number of cylinders is increased, the transfer function

at the specific frequency ranges show overlapping

resonance modes. The proposed numerical method

can be used to save the computing time and improve the accuracy of the numerical analysis technique

for studying the vibration of underwater structures.
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ABSTRACT

This laboratory study investigated whether and how individuals’ perception of indoor noise was

affected by the surrounding visual and acoustic environments. In particular, the study examined how

participants' annoyance response to the noise stimulus (i.e., a child's running noise coming from up-

stairs) changed when the surrounding environments were changed visually (e.g., day-time vs. night-

time) and acoustically (e.g., no outdoor sound vs. road traffic noise). First, a survey was conducted

to list the major components of living rooms in multi-family housing. The findings of the survey
were used to build a 360-degree virtual living room. A total of 14 VR clips were made, in which

different visual

and acoustic elements were presented. The participants viewed each clip via

VR-HMD and rated the annoyance response to the noise stimuli. The results showed that the

surrounding visual and acoustic environments partially affected the annoyance. It was also found

that individuals’ noise sensitivity had significant effects on the response. The study was able to

explore the benefits and disadvantages of utilizing VR to carry out laboratory experiments on noise

perception.
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Fig. 4 Samples of the other clips in which visual
elements were changed
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Table 1 A-weighted equivalent & maximum sound levels
of the sound stimuli

Indoor Outdoor

Road traffic
noise (3-min)

A child running
upstairs (40s)

Water flowing
sound (3-min)

Lacq 45.4dB 43.8dB 43.8dB
L Amax 52.4dB 453 dB 442 dB
65
A child running upstairs
Road traffic noise
60 Water flowing sound
55
50
m
o
45
40
35
30 1 1 1 1 1
315 63 125 250 500 1k 2k
Hz
Fig.6 Frequency characteristics of the sound

stimuli
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Table 2 Visual and acoustic settings of the 14 VR clips
used in the experiment

Visual setting Auditory setting
. | Changes
Clip d
No. | made to Outdoor
the default| door Indoor|Outdoor
Floor Time
1 (default) | Bright | Low | Daytime -
2 VI'  |Colorful| Low | Daytime -
3 VI Dark | Low | Daytime -
4 vO? Bright | High | Daytime -
5 VO Bright | Low | Night-time -
6 AO® | Bright | Low | Daytime RTN®
7 AO Bright | Low | Daytime %JFI\g
CR*
8 VI, VO |Colorful| High | Daytime -
9 | VI, VO | Dark | High | Daytime -
10 | VI, AO | Dark | Low | Daytime RTN
11 | VI, AO | Dark | Low | Daytime lg/rgfg
12 | VO, VO | Bright | High | Night-time -
13 | VO, AO | Bright | High | Daytime RTN
14 | VO, AO | Bright | High | Daytime Rrs
'VI = Visual settings changed in the indoor; ZVisual

settings changed in the outdoor; *AQ = auditory settings
changed in the outdoor; *CR = child’s running; *RTN =
road traffic noise; “WFS = water flowing sound
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Table 3 Results of the repeated measures ANOVA
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Table 4 Mean differences of annoyance ratings compared
with those of Clip 1 estimated by pairwise
comparisons (¥p <0.1; **p <0.05)

No. [ o the demti | F , v
2 I 1.045 0.321 0.058
3 VI 5.390 0.033 0.241
4 vo? 4335 0.053 0.203
5 VO 5.272 0.035 0.237
6 AO’ 0.586 0.454 0.033
7 AO 0.383 0.544 0.022
8 VI, VO 3.091 0.097 0.154
9 VI, VO 2.457 0.135 0.126
10 VI, AO 2.335 0.145 0.121
11 VI, AO 0.191 0.668 0.011
12 VO, VO 5.100 0.037 0.231
13 VO, AO 4.749 0.044 0.218
14 VO, AO 0.654 0.430 0.037

'VI = Visual settings changed in the indoor; *Visual

settings changed in the outdoor; *AO = auditory settings
changed in the outdoor; “‘CR = child’s running; RTN =
road traffic noise; “WFS = water flowing sound
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Clip | Changes made Mean difference Standard
No. | to the default | (compared with Clip 1) error
2 vI' 0.30 0.35
3 VI 0.65%* 0.28
4 Vo’ 0.70% 0.41
5 VO 0.75%* 0.31
6 AO’ 0.35 0.39
7 AO 0.25 0.40
8 VI, VO 0.60* 0.34
9 VI, VO 0.45 0.33
10 VI, AO 0.50 0.33
11 VI, AO -0.15 0.35
12 VO, VO 0.95%* 0.40
13 VO, AO 0.70** 0.30
14 VO, AO -0.20 0.25
'"VI = Visual settings changed in the indoor; *Visual

settings changed in the outdoor; *AO = auditory settings
changed in the outdoor; “‘CR = child’s running; RTN =
road traffic noise; “WFS = water flowing sound
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ABSTRACT

As machine learning and artificial intelligence technologies become popular, various techniques

are being developed for the automation of vibration-based condition monitoring and diagnosis.

Variational autoencoder (VAE) is one of the models that generate new data based on training data.

It automatically extracts important features by reducing the dimension of data during training. This

characteristic enables it to represent the difference between multidimensional data as a single varia-

ble, and it can be directly applied to anomaly detection of machines. In addition, the importance of

information for anomaly detection can be easily adjusted by the weight of the input data; anomaly

detection based on user's knowledge rather than a simple data driven method is more suitable for the

industrial field.
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Estimation of Tracking Vibration Quantity
and Optimal Controller Design Using a PSO Algorithm
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Key Words : Track-following System(E# 3% A]2H)), Tracking Vibration Quantity(E 27 75 %), Disk
Reflectivity(t] 22 =1 WFA}S), Minimum Tracking Loop Gain(H4 E# 7 FX A2l), Robust

H_, Objective Function(4Q] A, =3 ¥), Particle Swam Optimization(Y A} o5 Z 23}

ABSTRACT

This paper presents a method for estimating the vibration quantity and designing a controller
using a PSO algorithm for controlling the uncertainties of tracking actuator and disk reflectivity. After
estimating the vibration quantity of an actual tracking loop through measurement, the proposed method
calibrates the estimated vibration quantity by additionally reflecting the effect of the uncertainties. A
minimum tracking loop gain can be appropriately modeled using the estimated vibration quantity. It
can be applied to an He objective function to efficiently attenuate the tracking vibration and also to
an objective function that prevents the tracking loop gain from becoming larger than necessary. An
optimal tracking controller can be designed by minimizing the complementary objective functions using
a PSO algorithm. The proposed estimation and design method is applied to a DVD track-following

system and verified experimentally.
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designed controller is applied
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ABSTRACT
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3L

& Z4+), Just Noticeable

Rubber balls are used to measure the low-frequency impact sound on reinforced concrete and
wooden structured apartment buildings. Previous studies on rubber ball impact sound showed that the
physical properties of a rubber ball cause its impact sound to be similar to real impacts such as
jumping and running of children. The rubber ball was standardized in ISO 10140-5 and ISO
16283-2, and studies on the SNQ of rubber ball were conducted. In addition, a classification on rub-

ber ball impact sound is needed for the evaluation and labelling of low-frequency impact sounds. In
this study, a subjective evaluation on the just noticeable difference (JND) of rubber ball impact
sound was conducted. The presented rubber ball impact sound was recorded from wooden and re-
inforced concrete structures in apartment buildings. The JND of rubber ball impact sound, in which
75 % of the subjects can distinguish the loudness difference of two kinds of presented sound, was
4.65 dB for the wooden structure and 4.67 dB for the reinforced structure. On average, the JND of
the rubber ball impact sound was 4.66 dB. For considering the harmonization with the classification
scheme of other noise sources such as service equipment and airborne sound insulation in ISO/PRF
TS 19488, a difference of 4 dB between classes is reasonable.
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Table 1 Frequency characteristics of presented rubber ball impact sound from wooden structure apartment
buildings and subjective responses on JND experiments

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 4o 100 315 12 250 50 g0
£ 108 £ {08
=75 = = 5 1 3
o o
H & 3 8
& Heo 8 & 60
5 7 kot 2
1 g 50 3 g 50 3
5 5
3 3
5 450 2 5 450 2
o 3 o 3
g 3 g 2 3
T 2 T 2
8 H40 § 8 H40 §
& —e— % of corrrect answer =i & /" —e—%of corect answer =
- O - Averaged % of correct answer -0 - Averaged % of correct answer
—— Frequency characteristics —— Frequency characteristics
ol L L i L 3 ol L L L | 30
6 4 2 0 2 4 6 6 4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 1258 250 500 g 100 315 1258 250 500 g
£ {n 8 £ {08
el -1 - % = 05 - 5
o o
S S
§ K] é K]
& o0 3 & 460 8
5 7 kot 2
12 g 50 3 g 50 3
5 5
3 3
5 450 2 5 450 2
3 8 3 8
g 3 g 3
T 2 T 2
1 1
8 40 g 8 qe0 &
2 —e—%of corectanswer  Ox---- ¢ =i & —e— % of corrrect answer =
-0 - Averaged % of correct answer -0 - Averaged % of correct answer
—— Frequency characteristics —— Frequency characteristics
ol L L L . 3 ol L L L . . 3
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
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Table 1 Frequency characteristics of presented rubber ball impact sound from wooden structure apartment
buildings and subjective responses on JND experiments (continue)

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 63 1258 250 500 g 100 315 63 1258 250 500 g
£ 10 & £ {08
= 750 N 5 = 15l - 5
o o
S S
§ K] é K]
& o0 3 & 460 8
5 7 kot 2
13 g s0 3 g s0 3
5 5
3 3
5 450 2 5 450 2
3 8 3 8
£ 2 3 £ 2 3
S [ © S [ ©
8 40 g 8 qe0 &
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answer - O - Averaged % of correct hswer
—— Frequency characteristics —— Frequency characteristics
0 L L L . 20 0 L L L L . . . 20
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 125 250 500 gy 100 315 63 125 25 500 g
£ 10 & £ {08
= 750 N 5 = 15l - 5
o o
S S
§ K] é K]
& o0 3 & 460 8
5 7 kot 2
14 g 50 - 8 g 50 - 8
5 5
3 3
5 450 2 5 450 2
3 8 3 8
£ 2 3 £ 2 3
S [ © S [ ©
8 40 g 8 qe0 &
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
-0 - Averaged % of correct answer -0 - Averaged % of correct
—— Frequency characteristics > —— Frequency characteristics <
0 L L L L . . . 20 0 L L L L . . . 20
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 63 125 25 50 g0
I 470 B IS 708
el -1 - 5 = 15 5
o o
S S
§ K] é K]
5 He0 8 & 60 3
5 7 kot 2
15 g s0 3 g s0 3
5 5
3 3
5 450 2 5 50 2
3 8 3 8
£ 2 3 £ 2 3
S [ © S [ ©
8 140 g 8 0 g
& —e— % of corrrect answer =i & —e— % of corrrect answer / =i
- O - Averaged % of correct answ - O - Averaged % of correct answer
—— Frequency characteristics —— Frequency characteristics Y
0 L L L . . . 20 0 L L L L . . . 20
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 63 125 250 500 gy
£ 10 & £ {08
= 75k - 5 = 15l - 5
o o
S S
: - : -
& o0 3 & 460 8
5 7 kot 2
16 g s0 3 g s0 3
5 5
3 3
5 450 2 5 450 2
o 3 o 3
£ 2 3 £ 2 3
S [ © S [ ©
8 40 g 8 qe0 &
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct ans Averaged % of correct ans
requency characteristics = Frequency characteristics
0 L L . . . 20 0 L L L . . . 20
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
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Table 2 Rubber ball impact sound pressure level on the 75 % of subjects distinguished the level difference of

rubber ball impact sounds (unit: dB)

Presented level — low Presented level — high Averaged level of both areas
Type Comparison Comparison Comparison Comparison Presented level | Presented level
el doceased. | lovel increased | lovel deoresmed | Iovel nersased | 1 —
J1 4.95 6.05 4.95 3.79 5.50 4.56
12 5.08 6.04 5.39 4.50 5.75 5.07
13 436 5.21 6.25 3.58 4.89 3.96
J4 5.31 4.56 5.50 2.95 4.94 3.73
J5 5.08 4.72 4.81 3.32 4.87 3.88
J6 4.94 3.68 532 2.94 4.27 4.38
Average 4.95 5.04 5.37 3.51 5.04 4.26
Difference -0.09 1.86%* 0.78%*

*  significance probability 0.05, ** significance probability 0.01
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Table 3 Frequency characteristics of presented rubber ball impact sound from reinforced concrete structure
apartment buildings and subjective responses on JND experiments

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 63 125 250 500
- 80
g 170 8 S 8
= 75l - 5 = 15 Bl 5
o o
S q70 2
§ K] é K]
© 60 8 & ]
5 7 kot 2
Kl g 50 3 g s0 {60 &
5 5
5 ds0 @ 3 =
[ S [ S
o 3 o 2
> ? > 150 @
S - S e
T 25 ] T 25 ]
8 q40 2 8 e
& —e— % of corrrect answer =i & —e— % of corrrect answer s =i
- O - Averaged % of correct answer - O - Averaged % of correct 3nswer q40
—— Frequency characteristics —— Frequency characteristics
0 L L L L . . . 20 0 L L L L . . .
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 125 250 500 g 100 315 125 250 500
. - 80
g 170 8 S 8
= 75k - 5 = 15 Bl 5
8 8 o
H H z w3
& Heo 8 5 Fl
5 7 kot 2
K2 g 50 3 g s0 {60 &
5 5
3 3
s - 50 ‘SJ s g
T 25| E] T 25| E]
1 1
{0 g g
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answe) - O - Averaged % of correct ’ 40
—— Frequency characteristics —— Frequency characteristics
0 L L L . . . 20 0 L L L . . .
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 [ 125 250 500 g 100 315 [ 125 250 500
- 80
g 170 8 S 8
= 750 -3 = 5l 15
o o
3 H 3 18
& Heo 8 5 Fl
5 7 kot 2
K3 g 50 3 g s0 {60 &
5 5
3 3
5 1w 2 5 2
3 8 3 8
gy 3 gy 1”3
S [ © S [ ©
{0 g g
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answer - O - Averaged % of correct answer q40
—— Frequency characteristics —— Frequency characteristics
0 L L L 20 0 L L L i . . .
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
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Table 3 Frequency characteristics of presented rubber ball impact sound from reinforced concrete structure
apartment buildings and subjective responses on JND experiments (continue)

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 63 125 250 500
- 80
g 170 8 S 8
= 750 N 5 = 15 Bl 5
8 8 o
H H z w3
& Heo 8 5 3
5 7 kot 2
K4 2 s 3 2 s} {60 &
o a o a
3 3
5 1w 2 5 2
5 o 5
g s g {50 &
T 25| E] T 25| E]
& —e— % of corrrect answer =i & —e— % of corrrect answer / =i
- O - Averaged % of correct answer - O - Averaged % of correct answer q40
—— Frequency characteristics —— Frequency characteristics .|
0 L L L L . . . 20 0 L L L L . . .
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 63 1258 250 500
o 80
g 170 8 S 8
= 750 N 5 = 15 Bl 5
8 8 o
H H z w3
& Heo 8 5 3
5 7 kot 2
K5 2 s 3 2 s} {60 &
o a o a
3 3
5 1w 2 5 2
5 o 5
g s g {50 &
T 25| E] T 25| E]
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answer - O - Averaged % of correct answer q40
—— Frequency characteristics —— Frequency characteristics ¢
0 L L L 20 0 L L L i . . .
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Table 3 Frequency characteristics of presented rubber ball impact sound from reinforced concrete

structure

apartment buildings and subjective responses on JND experiments (continue)

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 125 250 500 gy 100 315 125 250 500
- 80
g 170 8 S 8
ol ] = = 13
8 8 d
3 H 3 "s
& Heo 8 5 Fl
5 7 kot 2
K8 £ o 8 £ {60 8
o a o a
5 ds0 @ = =
o s o s
o 3 o 3
2 b 8 q%0 2
T 25f T
& —e— % of corrrect answer =i & =i
-0 - Averaged % of correct answer ~40
—— Frequency characteristics
0 L L L 30
Iy 4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 [ 125 250 500 g
I / 470 @ I 470 8
= 75 5 = 75 5
[ > [ >
§ K] é K]
& o0 3 & 460 8
5 7 kot 2
K9 g s0 3 g s0 3
5 5
3 3
5 450 2 5 450 2
o 3 o 3
g 3 g 3
T 25f T 25f
1 1
8 40 g 8 qe0 &
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answer - - Averaged % of correct
—— Frequency characteristics —— Frequency characteristics -
0 L L L y . 20 0 L L L i . . h 20
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]

Table 4 Rubber ball impact sound pressure level on the 75 % of subjects distinguished the level difference of
rubber ball impact sounds (unit: dB)

Presented level — low Presented level — high Averaged level of both areas
Type Comparison Comparison Comparison Comparison Prosented level | Presented level
tovel deoreased | lovel ncreased | level docreased | level ineremsed |~ L - High
K1 5.10 3.54 5.65 3.37 4.50 4.70
K2 4.17 5.32 5.08 4.13 5.07 4.70
K3 3.90 5.14 4.81 3.56 4.85 3.97
K4 3.50 4.42 5.39 3.38 3.79 4.50
K5 5.13 6.04 3.89 - 5.82 4.93
K6 3.88 5.38 4.13 3.61 4.94 3.82
K7 3.86 5.38 6.17 3.69 4.94 4.25
K8 5.06 4.42 5.21 3.31 4.79 433
K9 4.10 3.91 (7.70) 5.39 3.97 6.21
Average 4.30 4.84 5.04 3.81 4.74 4.60
Difference 0.54 1.33%* 0.14

*  significance probability 0.05, **

significance probability 0.01
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Seismic Performance Evaluation via Triaxial Shaking Table Test
for an Electrical Cabinet with Friction Pendulum System
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ABSTRACT

In recent years, earthquakes have caused more damage to non-structural components than to
structures. Among the non-structural components, the electrical panel is one of the important devices
used to maintain the functions of the facility. Therefore, it is very important to protect the electrical
cabinet from earthquakes. Seismic performance can be improved while minimizing design changes by
applying a seismic isolation system. FPS (friction pendulum system) is an isolation system that is ca-
pable of isolating structures from earthquakes by using the properties of a pendulum. The natural
frequencies of the structures can be determined by designing the radius of curvature of the FPS. In
this study, the seismic performance of an FPS with an overturn prevention device was evaluated
through a 3-axis shaking table test. The seismic isolator was installed on an RTU panel used in hy-

droelectric power plants.
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Table 1 Description of UUT(unit under test)

Model Specification [mm] Weight
D (detail) [kg]
L | W | H &
RTU | RTU No2-1 880 | 620 | 2350 e
panel | Ry No.3-1 880 | 620 | 2350
Isolation | = Nom-overturn |55, | g5 | 110 | 373
system | seismic isolator

(b) Spring

1370

190,

480
860

=190,

! 1750 ‘

(c) Drawing of non-overturn seismic isolator

Fig. 1 Non-overturn seismic isolator
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Fig.2 RTU panel with non-overturn seismic isolator
on the shaking table
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Table 2 Seismic parameters for artificial earthquake

Name Code Sos [gl | z/h | Arexa [g] Aricn [g] Arexy [g] Arigy [g]

EQ1 KDS 0.55 1 0.88 0.66 0.36 0.14

gQy | Common application of | ¢)g 1 132 0.99 0.55 022

seismic design criteria
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|

| (Strain gauge )

Fig. 4 Sensor location

Table 3 Test procedure and method

No. Test name Test method
1 Visual inspection
2 Fqncthn On-off-on test
verification
Resonant pr—leve_l ar_nphtl_lde(0.0S 2)
3 frequency single-axis sinusoidal sweep
search (0.5~50.0) Hz, 2 octave/min.
X, Y, Z axis independently
Seismic Time duration 30 s,
4 simulation strong motion 20's, 0.5 Hz~ 50 Hz
EQl damping ration 5 %, triaxial test
5 Visual inspection
6 Fqncthn On-off-on test
verification
Seismic Time duration 30s,
7 simulation strong motion 20's, 0.5 Hz~ 50 Hz
EQ2 damping ration 5 %, triaxial test
8 Fqncthn On-off-on test
verification
9 Visual inspection

4.2 AlEut

Aol AalE ICC-ES AC 1562 3xs}o]
ol

SFAT
Al A AlddRe] SIS arE
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Table 4 Results of resonance frequency search tests E
€ 0
[
Sensor Lt §_15 i
location Direction resonance 2 30 Lnd 26 | ‘ | |
frequency [Hz] 0 5 10 15 20 25 30 35
. . Time [sec]
Side to side (X) 1.125
A4 (b) EQ2
binct ¢ Front to back (Y) 1.125 . .
(cabinet top) Fig. 6 Relative displacement responses between cab-
Vertical (Z) 21.88 inet top and bottom
Side to side (X) 1.125
N Table 5 Maximum relative displacement
3 Front to back (Y) 1.125
(power supply)
Vertical (2) 11.25 Tnput Max. relative disp. (mm) Allowable
motion criteria (mm)
Side to side (X) 1.125 X Y
( Ao ) Front to back (Y) 1125 EQI 3 7
relay 75
Vertical (Z) 21.88 EQ2 5 26
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Table 6 Ratio of maximum response acceleration

T o Sensor No.
motion 1

A3 A4 AS A6
X 0.23 0.10 0.13 0.19
EQl Y 0.15 0.14 0.22 0.21
V4 0.16 0.14 0.44 0.16
X 0.69 0.16 0.27 0.64
EQ2 Y 0.49 0.41 0.38 0.67
Z 0.26 0.12 0.29 0.30

Table 7 Maximum value of fa(i) at ZPA

T o Sensor No.
motion 1

A2 A3 A4 AS A6
X 0.15 | 032 | 029 | 023 | 0.17
EQl Y 024 | 0.17 | 027 | 024 | 0.17
V4 0.11 | 0.12 | 0.16 | 032 | 0.11
X 054 | 072 | 0.72 | 029 | 0.22
EQ2 Y 0.60 | 0.54 | 0.53 | 040 | 0.25
V4 0.19 | 036 | 032 | 029 | 0.14
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ABSTRACT

This paper deals with the in-plane and out-of-plane vibrations of piezoelectric disc transducers,
which are the main elements of ultrasonic sensors. In disc-type piezoelectric transducers, the funda-
mental mode is a radial mode, and the in-plane vibration of radial motion is coupled with the
out-of-plane vibration of the axial motion. We developed an in-plane vibration theory, which was re-
ported earlier, and theoretically analyzed the out-of-plane vibration and verified the theory by finite
element analysis. We experimentally measured and compared the natural frequencies and verified the
analysis results. In addition, we established a theoretical equation for the vibration distribution, which
shows a bell-shape for the out-of-plane vibration in the thickness direction for the fundamental mode,
as well as a theoretical equation of the natural frequency, which is inversely proportional to the

radius.
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Fig.2 Schematic diagram of a piezoelectric disc
transducer
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Specimen Diameter (mm) Thickness (mm)
A3 20.0 1.00
A2 15.0 1.00
Al 10.0 1.00
B1 10.0 0.75
Cl 10.0 0.50
A1 B1 c1
—_— = =

A3
—
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Table 2 Comparison of natural frequencies obtained by theoretical calculation, finite element analysis, and

experiment
Specimen Natural frequeny [kHz]
No Diameter Thickness Ist 2nd
; [mm] [mm] Theory FEA Experiment Theory FEA Experiment
A3 20.0 1.00 114 114 114 311 296 287
A2 15.0 1.00 152 152 147 415 394 379
Al 10.0 1.00 228 227 223 622 584 569
B1 10.0 0.75 228 228 228 622 590 585
Cl1 10.0 0.50 228 228 225 622 594 580

Trans. Korean Soc. Noise Vib. Eng., 31(3) : 330~338, 2021

335



Byung Ju Baek et al.;In-plane and Out-of-plane Vibration of Piezoelectric Disc Transducers for Ultrasonic Sensors

700 ~——
[ O calculation | ]
600 A analysis |-
L & X experiment | ]
500[
= [
T | :
= 400 1 2
> L
o [
c [
(] [
o 3001
o L
-0 8
200
[ Q i
100} 2
0] SRR SN RS BNV ST U B

4 5 6 7 8 9 10 1
radius, a (mm)

Fig. 13 Comparison of natural frequencies obtained
by theoretical calculation, finite element analysis,
and experiment

52 I1R3EF

Table 19 A|A|8E AJAH tha] 3714 WHo =
FREFE Fako] Table 20 7148 ke
A AN 1FFETE Fetetr] HsE WA
gk ouE A S Fig 1200 UeRATh 3714
How ek AT wlg- ARt 3714 A
oA 12} A ETE AL Ao 23F
AFFE 0|24 A} 5% AE o]kl o] 2%

Aol A wbg o] FARE Fol flrka HAs

oL I B K

al

A
<)

L

In)

e, 14 REAAE AR 2o
237 @) WEel Ao woEd,

BRAFSE HAABe] FA JuUAT AF
of wel v o 9FW AR 9% Wi
WAREe] Witk WAgel BE BAEFE
Fig. 139 PRSIt 1421557 Aol whlel

L= ]

g o
& % otk

Lo

Table 2014 A|A Al, Bl, C19 Z¥o|x <1y
oA, FA oH] 2 E5°] 10 © A
AR AR IR FSFE FAC sl o

0%
(O
2
23
o
&)
=

[
H, Al Al, A2, A39] AT A FR1E o], Az}
WARE THASFE WAF e vad ol
AFH AAzA 7] wEolth
336 | Trans. Korean Soc. Noise Vib. Eng., 31(3) : 330~338, 2021

R
ol
2

>
fo, M ol o

A

fo0 X rfr

o] A=
AT A
NRF-2020R1F1A1048453).

References

(1) Busch-Vishniac, 1. J., 1999, Electromechanical
Sensors and Actuators, Springer, New York, Ch. 5.

(2) Lynnworth, L. C., 1989, Ultrasonic Measurements
for Process Control, Academic Press, Boston.

(3) Kim, J. O., 2000, Sensors and Actuators Using
Ultrasound, Journal of the KSNVE, Vol. 10, No. 5. pp.
723~728.

(4) Xu, W., Yan, C, Jia, W., Ji, X. and Liu, J.,
2018, and Enhancing the Security of
Ultrasonic  Sensors for Autonomous Vehicles, IEEE
Internet of Things Journal, Vol. 5, No. 6, pp. 5015~5029.

Analyzing



Byung Ju Baek et al.;In-plane and Out-of-plane Vibration of Piezoelectric Disc Transducers for Ultrasonic Sensors

(5) Lim, S. G. and Kim, J. O., 2018, Acoustic
Directivity of an Ultrasonic Sensors Depending on Horn
Guide Shape, Transactions of the Korean Society for
Noise and Vibration Engineering, Vol. 28, No. 6, pp.
707~712.

(6) Lim, S. G., An, J. H and Kim, J. O., 2020,
Shortening the Minimum Detectable Distance in an
Ultrasonic Sensor for Automobiles by a Waveguide,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 30, No. 4, pp. 396~405.

(7) Yoo, G. S., Lee, T. H. and Chae, M. K., 2017,

Ultrasonic  Transducer for Vehicle, Korea Patent
10-1,728,225.

(8) Ho, S.-T., 2007, Modeling of a Disk-type
Piezoelectric  Transformer, IEEE  Transactions on

Ultrasonics, Ferroelectrics, and Frequency Control, Vol. 54,
No. 10, pp. 2110~2119.

(9) Meitzler, A. H., O’Bryan, Jr., H. M. and Tiersten,
H. F., 1973, Definition and Measurement of Radial
Mode Coupling Factors
Materials with Large Variations in Poisson’s Ratio,

in Piezoelectric Ceramic
IEEE Transactions on Sonics and Ultrasonics, Vol. 20,
No. 3, pp. 233~239.

(10) Kim, D. J., Oh, S. H. and Kim, J. O, 2015,
Radial

of Piezoelectric

Measurements of In-plane Vibration

Characteristics Disk  Transducers,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 25, No. 1, pp. 13~23.

(11) Seon, S. O., Kim, J. O., Chae, M. K. and Yoo,
G. S., 2018, Acoustic Characteristics Depending on the
Vibration Distribution of Ultrasonic Sensors, Transactions
of the Korean Society for Noise

Engineering, Vol. 28, No. 4, pp. 490~500.

and Vibration

o] A plane stress 7% o, =05 A-83F v
3}
6 = (0, ~vo,) (Ala)
E
€ = i(f’e—'/ff,) (Alb)
E

Table A Material properties of a PZT-4 specimen

Properties Values
Mas density
(% 10° kg/m?) P 7.60
E
(enl 139.0
E
Cla 77.8
Mechanical E
cchanica Elastic stiffness C13 74.3
(10"N/m) & 115.4
E
ch 25.6
E
cts 30.6
. . P ittivit
Dielectric (>< 10??812/11\1; }',mz) s; 5.62
El Piezoelectric 31 =520
ectro- stress constant €33 15.10
mechanical (C /mz)
[T 12.70
—v
€, = 7(0,,&-06) (Alc)

ol7|A B9t v A7 ¥EI Foks weth A
(Ala)®} (A1b)°] 32 o3 2

=

1_

& T = —"(0,+0,) (A2)

21 (A2)9F A (Alo)=HH o5 22 HYE o
74]}\151 O—]L:]:]_
T2 v .

=3
symmetry) ] A SOl 7k Ao M= ozt
°of o= #Aesta A8 o gk

Byung Ju Baek received the B.S.
degree in Mechanical Engineering
from Soongsil University in
2021. During his stay at Soongsil
as an undergraduate student, he
was working on vibration charac-
teristics of piezoelectric discs for

ultrasonic sensors.

Trans. Korean Soc. Noise Vib. Eng., 31(3) : 330~338, 2021 | 337



Byung Ju Baek et al.;In-plane and Out-of-plane Vibration of Piezoelectric Disc Transducers for Ultrasonic Sensors

338

In Jae Heo received the B.S. degree
in Automation Engineering from
Dongyang Mirae University in 2020.
He is currently a master candidate
as a graduate student at Soongsil
University. He is working on ultra-

sonic sensors and waves.

Trans. Korean Soc. Noise Vib. Eng., 31(3) : 330~338, 2021

search experiences

Jin Oh Kim received the B.S. and
M.S. degrees in mechanical en-
gineering from Seoul National
University in 1981 and 1983, re-
spectively, and the Ph.D. degree
from University of Pennsylvania in
1989. For ten years he has got re-

at Korea Research Institute of

Standards and Science, Northwestern University, and

Samsung Advanced

Institute of Technology. Since 1997,

he has been working at Soongsil University, where he

is currently a Professor of mechanical engineering. His

research interests are in the area of ultrasonic sensors

and actuators using mechanical vibrations and waves.



-E— T M 313 M35, pp.339~346, 2021

Trans. Korean Soc. Noise Vib. Eng., 31(3) : 339~3464, 2021 SHEASAESEE =
1598-2785(Print), ISSN 2287-5476(Online)

https://doi.org/10.5050/KSNVE.2021.31.3.339 ISSN

E55) U¥ FAGF] S 2 39 FEAAY £

Structural Stability Analysis Method for the Main Wing of an Equivalent Model
of an Unmanned Aerial Vehicle against Wind Load

EFEF YA F-HF A F 2"

Dong-Hun Son', Myung-Sik Lee’, Joon Kim®, Gu-Hyun Ryu’ and Dong-Keun Lee"

(Received March 4, 2021 ; Revised April 12, 2021 ; Accepted April 12, 2021)

Key Words : Unmanned Aerial Vehicle(}-13}37]), Wind Load(:$3}%5), Finite Element Analysis(+3F2.4x
q

3l 4]), Dynamic Characteristics('54 57J), Vortex Shedding($}H7 %)

ABSTRACT

The advantage of unmanned aerial vehicles (UAVs) is that the performance and capability of the
platform can be enhanced by manufacturing an airframe with various mission profiles of a UAV.
Military UAVs are being developed in various fields, with diverse operational purposes and types.
For military UAVs, it needs to be verified whether the mounting equipment has structural stability
against wind loads. Wind loads are continuously applied to an equivalent model of UAV during
performance testing. Thus, the effects of wind speed conditions on testing should be defined by
analyzing the structural stability of an equivalent model of UAV and the dynamic characteristics of
the main wing. Therefore, this study suggests a standard for analyzing the structural stability of

UAVs and mounting equipment and proposes an engineering procedure to verify that the performance
satisfies for the requirements.
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Table 1 Nodes and elements of FEM for the main wing

Components Value
Nodes 198919
Elements 90 275

Table 2 Material properties of components for the

main wing

Properties | Plywood VBVZISS SK5 [SCM440 AL%275'
Density [kg/m*]| 719 | 149 | 8000 | 7850 | 2730
mo;ﬁﬂg%’épa] 82 | 27 | 1900 | 2050 | 71.0
Poisson’s ratio| 0.24 0.38 0.27 0.29 0.33

Properties | 43357 | 4114 | 4730 | #4108 | #618
Density [kg/m*]| 1816 1816 1816 1856 1856

Young's 520 | 550 | 100.1 | 202 | 202
modulus [GPa]
Poisson’s ratio| 0.055 | 0.055 | 0.312 0.13 0.15
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Table 3 Material properties of the carbon fiber
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~ — mw Vequivalent 0.135
3
Fig. 3 The lamination structure of the carbon skin Pequivalent 1849 kg/m
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Table 6 Results of the harmonic analysis for wind

Fig. 10 CFD analysis results velocity
Table 5 Nodes and elements of FEM for CFD Wind velocity Ma)&fs:;r © | Max. disp ]r?tlcsgvg@r
Components Value 10 m/s 10?4.731%})&1 12.4 mm 7.2 mm
Nodes 166 732 144.2 MPa
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ABSTRACT

This study focuses on the stability of feedback control for rotating servo systems driven by a

flexible gear train. In servo drive systems where the load is connected to the driving motor through

a flexible shaft that has insufficient stiffness, unwanted mechanical vibration can occur. This mechan-

ical vibration can reduce the control performance. To suppress this mechanical vibration, state feed-

back controls or cascade Pl(proportional-integral) controls have been proposed. However, the state
feedback control is cumbersome to be applied to the design; moreover, a Pl-based cascade control

cannot ensure stability. In this study, as an internal damping control, a simple feedback control based

on the relative position or relative speed between the driving motor and load is proposed, and their

stability conditions are derived. The feasibility of the proposed method is verified through simulation

examples.
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Table 1 System parameters

System Parameters Note
m,, = 2[kg],
1 my =1 [kgl, m; =20 [kg] m ok, >m, k,

k, = 800 [N/m], k, = 400 [N/m]

m,, = 10 [kg],
2 m, = 10 [kg], m,; = 10 [kg]
k, = 40 [N/m], k, = 100 [N/m]

m.k, <m k,

ALE 12 o] Azde 4 (39)8 uHatn e, 2
4 (402 WA o] A2R) IFAS A 1

el vt Ak
A =0,u=[0209 0209 0.209]
A =122.9,u, =[-0.596 —0.411 0.080] (40)
A =149.7,u; =[-0.324 0888 —0.012]
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university, he(she) should be a professor. If the corresponding author's affiliation is research institute, he(she)
should be a team leader.

e WA AR Atz e, Azpe] Aol stulql A9
7o gt

The decision on the selection of the paper follows the paper review rules.
Aare] Aol = Mg Qg =Eaabtgel wech

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

wrgare] Axls = AN gl w2 e) = dn] 2 A HE gE-soF gtk

rlo

P AT B AT ol

o
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Guide for Authors/==81 AELH

(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.
wrdis A 4 Abelzm 7] 83 =il AN R E)el o] hwp e
MS-word2 2HgdataL, 8t3] Foo]A] = Far At A A&7

(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.
=R folt Folz el AL YHow a, o] EFo] e A4S ekl Lolz Wr|E
& glom, slgo] Erle ARl mer)

(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.
=] AAE ted BES 9FoF gl (D AE (2) AAE () F871EE0l(key word) (4) 5 (5)
71349 (6) 2 () B2 8) 2 9) FLEH (1) = 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.

o] AES IHESHA A S GEAES WrlEth ARHE S o WYIgth

(5) The abstract should be written in Korean and English not exceeding 600 characters or 250 words.
52 woleh Joj& Z7F 6007F B 250te] S ol A 2d gk

(6) The number should be written in Arabic numeral and the SI unit system should be used.

FAE ofgu]o} 2AbE ARESHH, £ @9l HEE SI 99lE ARESith

(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.

i F % a9 add A s skl oAol o8 AFslshH, 1 AlEI &S Fole FU1F
S 9Fow Fr)

(8) Use the following formats for journal articles and books as References.
FaEdle] S A7IREA Y] A9 AR, Wk, AlE, A, A5
shal, daie] A= AR, B3R, AT, dE S3AbE, AR
&b, 1 ARE 2R I8WE Fom vt e 9#oR HE w9
Dl o2 daigtlEestsle ol JEES itk
(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, Sijthoft and Noordhoff, Maryland, chap. 5.

(9) References should be cited as follows.
BRI AnFd A8 thg} o Ft.
(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

5, dolAuEe ¢ow 714
| A, ol sEon 74
| grow 7)Am, Qewa

author including address, phone number, fax number and email address.
AT BRI =EARE ARG, A A R 24 s, AHEAL B FA%
<A1 A 2> = Corresponding Author)®] 4~ 2 ASPHS(FAX. X3, E-mail 745 23] 714 s

(11) The final manuscript accepted for publication should be submitted to the editor office through the society web
site.
AL 5 HE AYE =Edas o3 FlolAEE A 2 S Fall 83 ARl AlEgith
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Transactions of the Korean Society for Noise and Vibration Engineering

Checklist for Original Article | MXIHAE

Please check below items as  mark before submission of the manuscript. | 2} 52 310/} /FAJE 1442

General guidelines | &1 gltlt

Manuscript contained (D one original manuscript, @ statement of copyright transfer, (3 Checklist for Original Article and was
attached. | 41 @ A& 17, @ A d= 594, @ ARHARE AT E=7W

Manuscript should follow the format (can be downloaded from the web site). The paper can be typed with HWP or MS-Word.
| =& el 14 Afo]=z 98] 313 =EUa FA(FHolANA thez )l o3 hwp B MS-wordZ A S =71
The manuscript should be organized in the following order: (1) Title (2) Name(s) of author(s) and his/her (their) complete af-
filiation(s) (3) Key words (4) Abstract (5) Nomenclature (6) Introduction (7) Main body (8) Conclusion (9) References (10)
Appendices. | =52 AAE (DASE, QAAE, 3)FL7EL (key word), DZFE, G)712AY, OGN, (DEE, )2
E, OFLEY, (10) 5 55 userh

Main text consisted of introduction, subjects and methods, and results and discussion in separate pages. | B¥-& A2, At
S, A, aEs SHE AR

The paper should be written in Korean. However, the original terminology can be typed side by side with parathesis to avoid
confusion. The loanword orthography follows the government guideline. | g<r-8-0]= o2 ZAsE RS Yo7 &l
o] Egol S& A ()9l Aoz WrIEglen, Qo] ®7]= ARt wske=rle

. Cover page | EA|

el

Title, name of authors, affiliation was described both in English and in Korean. | Aoz =%9] A5y} ZE A=Y
2k EY QEow J1=aRP

In lower area of cover page, the name, address, email, telephone, fax of the corresponding author were described. | T4 &}k
of BAARe] A, A, Fh L ARAGAS, B, EmailtaE B2 7 ARG

. Abstract | =2

The abstract should be written in Korean and English not exceeding 600 characters or 250 words. | =52 =roj9} Joj= 7+
7} 6004} = 250%H0] ) el A ZAEAETR

. Main text | 22

Main text was written in order of introduction, main body(include Figure, Table), conclusion. | #-2] A= A&, EE2(%
I9), AES sk
References should be cited as follows. | #5-o]] 0183t FuF3S =FAxw JFeyo WS #4397

References | At123

Every articles in references were cited in the main text. | ¥-3-ol] ¢1-&% o] Q&7

References were numbered according to numeric order. | &3-S Q1E&H AR (1), 2), B2 AR =71

All references were written in English. | F I3 25 JEOZ F7|eF =7

The paper from “Transactions of the Korean Society for Noise and Vibration Engineering” was cited if the content is relevant.
| “Sa AN eI =G F5E £3S 183 Zo] =k
Az, Arhd, AE, AW, -39 3, HolxHEe] &/ dayE - Ax
A, 4, AolAMET) S FFEAETR

Tables and figures | 2} O&

Titles and legends of tables and figures were written in English. | 2& 39} T3] Al&53 A JE oz 2AHAE7R
Figures were in required format. | AP A3 qFZol] 2HA A== A&7

Tables and figures of the paper should be arranged in order and inserted into the main body. | & %@ 28L& sfgw A
e gt Al i AYdaieETt
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Statement of Copyright Transfer | A&t k= S2| M

Title | =22 M= :

Author(s) | XAHE) :

I(We) hereby certify that I(We) agreed to submit the manuscript entitled as above to the Korean Society for Noise and Vibration
Engineering with the following statements. AA-E5-2 H3 ] “A 27 FE 599 U& 9 277l 7EHo] Jes A¥S ¢
BIEY ¥o] BRALEFHH R ANRT FA 9 whol P A4AL AU ARreNT T
Frghe FelgLch

Author’s signature | i ZAX}e| A .

(the owner of copyright)

Author(name) | M :

Position | &% :

Affiliation | &% :

Date | Mst Z#t :

Aeel BRAeE T BANAE As
Editor-in-chief of the Korean Society for Noise and Vibration Engineering

3% Please send this form to by fax at +82-2-3474-8004 or a scanned copy of the signed original by e-mail at editor@ksnve.or.kr

Authors are hereby granted the right to/AZH 2= Zeolo| L& I =A
1. The submitting/comresponding author wamrants that 1. 2 o] ofst XEA AT Foll HAP| 7Kl Azl

(1) This contribution is original, that he/she has full power to make this grant, (1) =&-9] U-§o2 7]&% %31, SEAE, 5340 A&, AT 71
that he/she has not granted or assigned any rights in the article to any other 2 -8-8of ¥k ‘7‘14 2 Ve Hog EE) :"14

person or entity, that the article is copyrightable, and that it does not infringe (2) A2} A AL U = Jﬂ%% St WA 2 ARgEAY Axfe] F A,
upon any copyright, trade mark, patent or statutory right. s, AN 9 9 o AqHaLx O] 24, A Ao njgeld Fal
(2) Authors may reproduce the manuscript for course teaching or private pur-  7JQ1# Q1 HA o= /\}% 3171 9Ig HAE EA 2 QIAE T A

pose like author’s career, research reports or unprofitable advertisement. (3) AR} i@ % 713 B gA, AHIE A skal T ARde] =itel] i
(3) To post a copy of the manuscript as accepted for publication after peer re- ~ Al®l WA, A=}e] 791 WEB SITES] ¥=t9] #E & UF-E AAsa

view on the author’s own web site, or the author’s institutional repository, or ~ B33 ],
the author’s funding body’s archive which is cited on manuscript. @ AxE Yﬂ]—’ﬂ 5 Az o] V)%, ARl 3 %
(4) To use a copy of the manuscript for materials of the presentation of re- F4F 52 ¢ Y’L‘H AZE fl8te] =] AN 52 %]n% ARgEE g
search, workshop, author’s lecture or book writing.

2. 2 YAof offt MKA A ol MAP| 7IK|= A2 E HABP| st =A
2. The condition for the author’s right () 9ol sjghe ZHow =i AN F& drs *l—%‘% 7390l =

o1 1 -
(1) Using a copy of the manuscript for permitted purpose, it must be cited A #ZHo] *}t]'t” ol Dl"ﬁ"\%{ &S < oF gt}
that copyright belongs to The Korean Society for Noise and Vibration (2) s AEslel] flske] el vk dEE 03\’4”'1*]01] Frg 5
Engineering. L& (D)o AYE BAkshe A-ells 184 ofs)tt
(2) To commercialize the manuscript, the author can’t transfer copyright to a
profit-making organization. Only, it is acceptable in case of 1(1). 3. MatA9 A7 3 Mol st 7|t =

) A% & 101(&——301] g S A 5= s AApel BE AR} o5

3. The authors warrant and certify that ARZE &ek 7|3 B Ao AR FERE ojaste] i A2 FE

(1) The author who has signed this agreement has full right, power and au- 540l Arg3leiof dhr}

thority to enter into this agreement on behalf of all of the authors and the or-  (2) & A2t Y& Folol® E sl e Ay T A7H|E A9
ganizations they belong to. gt /]—4 2G| 7E 2 =t ek AAS dAketazt she A9l 1
(2) Despite this agreement, if the government of the Republic of Korea and YA} ZIID]'O]-*] O}L] Sk

the author’s funding body want to exercise copyright of the manuscript, there ~ (3) ¥ A% Fie Foxje] AH f%]‘ A AR B =Fo] g
is no restriction. Eq _EI: u17]-54x] okgrow Elele]

(3) Signing up this agreement, the author promises that the manuscript wasn’t ﬂ'ﬂ%r%—lgﬁé}f %t& A 8-S E?}ﬁ}x e /\ﬂ 04:5]":}
published in other forms except the presentation form at symposium and dos-  (4) =i-2] AF =

en’t include any illegal content which violates copyrights of any authors. AP 534 e Ae-ets A XH O]——?——OHE %31
(4) Although all or part of the manuscript is used for commercial purpose be- EAS flate] Ik g AR Ze dRE Xl *H&j% Bk

Ql
fore the publication on KSNVE journal, all or part of the published contents —©. 2
can’t be revised after the publication for commercial use. () & % - E A AL & A4 SE 59
(5) Signing up this agreement means that the author reads, fully understands Aol 7]Ad & W&S ¢la, 1 &S ol3all o, 1 W&o 525t
and agrees on all contents of statement. = 7 3
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Korean Society for Noise and Vibration Engineering
Research Ethics and Ethics Committee Regulations

SRAgEESeE
dresl o 2l9iHs 2 N

M

@

©)

Q)

(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.

(B4) B 4L BRASWETASOI “st3 ek drhel felQgel Wk ssjelAe] ER BE
SHERE AL ATE) T, APLL LRAN A G AN AT 7oA
(18} “s1 987} @) P43} Lol ek AFS FRIL BHow Frk

(Application Area of Code Ethics) (D The code applies to the overall academic activities including all academic

dot ot

journals, academic conference, symposiums, workshop, forums, etc. published and held by the Society. @ The
code applies to all authors, reviewers, Editorial Board Members(hereinafter referred to as “EBM”, and
hands-on-workers in the service bureau related with the above academic activities. 3 Other items not set forth
above may comply with this article, each level of regulations of Ministry of Education and other related

institutions.

&t A8 e O & e

ot

o gt wsks WE g U Ses), AEAY, 924, £Y 5
SeaE Aol HEAT @ L P 9 SRET BA AR, A9, AR, AFF TR
A 5 A8k @ 71ek floll Aol AA &2 W= wSH T WA 78] S £/ 5 stk
(Honesty of Author) (D The author shall be honest in research carried out by an individual. Here, honesty refers

to honesty in overall research processes including derivation of ideas, designing experiments, analyses of experi-
ments and results, research fund, publishing research results, and fair compensation to research participants. @
The author shall consider plagiarism, fraud, manipulation and falsification during research as serious criminal ac-
tivities, and endeavor to prevent these misconducts. (3 The author shall announce and properly respond in case
of contradiction or the possibility of contradiction of benefits of one’s own and others or other institutions.
AR AA4) O ARFE A Faske A7l ol gAstelok @k oi71M AH e ofelrole]
=2, 499 9T 94, AU Aol £, A0 A0 G2 B 97 YA 92 31
WY 5 AT Awe] B3 AL T @ A AT QoM B, AP, 23, A% %
Z o5 AR HHYH R FskaL, o] Fge] A OM B S detefof gtk @ A=

2] olelat Bljl = Bl 7] 1"401 G, B ThsAol e A ole wkstal A
3] th-s-skofof

(Authorship) It is recommended for every author including the first and corresponding author that authorship be

LN R o

based on the following 4 criteria : 1. Substantial contributions to the conception or design of the work; or the
acquisition, analysis, or interpretation of data for the work; AND 2. Drafting the work or revising it critically
for important intellectual content; AND 3. Final approval of the version to be published; AND 4. Agreement to
be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any

part of the work are appropriately investigated and resolved.

(Aol Ay w='e] A7} w7] YEiAE of#l 479 V)

HN
m

2 WE FEfolo} k. o] N|FE ANAL,
o) 3, A7, wlolEe] 53} w4, 8o

WAAAE Z38F BE AAE gtor sit) 1 AT =8 S|
R 1A A 2 ] SR I ) £ 88 FEHO M A, ATt
E9o] B A, 4. =E S GIYI QUel ofFE lFo] U AF g Aol FF 2
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(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.
(1439 14 ‘%1 A O fdsls A9 183 AL 11, 919 5o AETh @ A9 % Sl
2= oAtslell A A&t 3] dWEth @ A9 B ] 7= 2dew a dAdE 5 Qv @
ALE2 L3S thagstar shale] &ejol #ek gF-E Sk
(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 improve-
ment and promotion of research ethics.
G939 71%) AP thee] vEoR FEICL I A8 FY 2L T2, 2 A7 PP g
WA, 30 AT e Aol 3o, 4 ARl uigk AlAUE 24 R ojAkglel] Avtran 50 7
AT &ge] Th B Sl BE AR
(Convening and Voting) (D The committee shall be convened as necessary by the chairman. The vote in favor
of 2/3 of registered members. (2) 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. (& 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.
(91493 24 9 od) O A93l= el dad wet 2xst, AX9fd 239 Hew ojddit
@ o249 W& FAYS A AizbelAl TRk 109 oflel] Moz 4w =
gt @ AdslolA = F4a9] AARETE v AuARE HAESAY HaA] oAs AHs HF
JAES 3t @ odd &2 ortgle] Haste] HF ZAAdTE © el desivta AT 4
-, 9 QAR ff9lo] ohd zke] S AT 4 Uk ® U3l AR EEUE H 38>
HENE dFow Fivh
(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. @ "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.
(A3 g aele] Wel) @ «“F4r ofgk FHE WA &2 A ERle] Aqigely At 55 <
A g wgshe W98 WAL @ Az ¥ WE @ ERloly ) Auel ATAbE Ane] 24
d, =8k FAE E3h @ «<olT AR & 27 o] Fe] Aol FUF WE&S A= BAE
SR @ <FEEE AR & Aol V]ofeA] 2 AbE ARE e g9E wIth © 71E 82
g 4= gl W= wair)
(Informing and Notifying Research Misconduct) (D The contents of research misconduct are limited to the pub-
lications "Journal of KSNVE" and "Trans. Korean Soc. Noise Vib. Eng." (2 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. 3

The committee then received a report that information within three months of deliberations to finalize the report
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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.
(A7 AR AR % FR) O A7 FEH] WE2 A Eeos]=e ) A (nE
Syl e FlEe gtk @ A7 FAS e ARe Sk wet 3 AuE ARt AW
o= AFstdof gt} Q) HU3s= AwIt ZS?; 5 370 dfell Ao 8-S SHste] ojabslel| ®.aLst
ofof gth. @ oAbs|ol A HF AE U8 109l ABApet FA Yo Al FESL 35| Fo]
A& &3l FAg ® AT F-A ALl "416& HTANE 7] Hell= 2ol giE oAM= e
(10) (Sanctions for Research Misconduct) (D For authors whose research misconduct has been confirmed, punishment
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 F-A4 a9l tigk A O A5 FAo] BARlE ARl A= 3] A4l wet FHH ] ATE
glste] ool ARNE deete] 7k 4= Stk 1L s EATE ek 813 FgEe] AAFA, 2.5
b eksle] =g Aol FareA, 3. 593k 83 Shathd] dEEA, 4 FAYAR} AT 5
E%M g 5, 5 53] 3dAA vt @ ARA) aolz SRS Sols B9 fdEe] Al wt
FAPAA FE FLL AAE 7L Ak

(11) (Protection of Rights of Examinee) (D The examinee refers to a person who has become the subject of inves-

oo R

tigation for misconduct due to the report or cognition by the Society or related institution, or a person who has
become the subject of investigation by suspecting of taking part in misconduct during the investigation process.
The examinee shall not include testifiers or witness. (2) The Society shall be careful not to violate the dignity
or rights of an examinee during the verification process. Also, until the confirmation of the results, the exam-
inee shall have an equal opportunity for objection or defense, and shall be notified in advance of the related
procedure. 3 The suspicion on misconduct shall not be disclosed to the public until the judgment has been
confirmed. However, this does not include cases where serious risk may be present to public welfare or social
norms. @ The examinee may request for investigation and proceeding procedure as well the processing sched-
ule for misconduct to the Society, and said the Society shall respond sincerely.

@A Aol BE) O @A AR EE 58 D B el elsel A 2Ab b
of ® A w24} 5 FlA] FABS) Jbt @ Aoz o) £ el B A4 W,
2ol Ale] Faelolt F1e ol ZEHA ohldth @ 3l AFAANA F2Ae] et
A7t FgaiA HaEA Frs Folstofof gty wgk Ayt §AEY] o]H7A = o] A7) B WME
o] 7137} e A Tl ok sh, WALAE Al dEFojof stk @) A ALl gk o5 %
A7t Q7] A7 el S s oM oy "ok tivl, o] ] 5 Ak el Foisk A9
Aol AT Ag= AFEA oI @ d2ARRE BB 2ARAEA B2 AL ol el
galell s As a7 ¢ sler, Sl ol gds] Fskelof gt

AV

This regulation shall enter into force on October 24, 2008 (enactment)
B L 2008 109 2425 E Al ST )
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The Charter of Ethics for the KSNVE

sEAstESeE 2alEE

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 behave honestly and fairly to maintain authority, honor and dignity.
FF2AFTANN ) RE fPe o) WS PPN BFRY 2 GFL FE AL Qskw, S
o] B AAI} HEo] Al 23HEAL LT S 4TS o1tk ofdl] BE 3 ARTtEAY] FS
oA 7L A9, e, A9S A 5 d=E AAsta s Fseith

s

1. Authors should use their own knowledge and technology to improve the quality of life of human.
S Qlfel ahol A WAL Slste] Aale] A4 712 AHgeka F)eselob Fk,

2. Through the activities of KSNVE, authors should contribute to the development of Noise and Vibration
Engineering and industry and make efforts to promote the public interest for tranquil 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.

S ABHES Bolo] AL A S8 £SAEFek} Ag] WAl J)ejsiar 3o Fxe] wsie]
of Gtk e 28REFY ARIEA Aliol] Jus BASA BA ANE o)yl As) w5
ofo} g},

3. Authors should behave honestly and fairly for education, research and real participation according to their scholas-
tic conscience and ethic.
e g, A7 S 3 A 2F a2ja dA ool o] AAstar gAsHA A4l sk, &eld
A oFAlo|| Z=Aalslo]of shr),

4. Authors should not behave against the purpose of the foundation of the society.
92 ohsle] AYmAo] whsha sldshs AMRES shefr ol .

5. Authors must not have presented portions of another’s work or data as their own under any circumstances.
S EQle] AT T AR Ao AT Tl AN =Foluh A%l AN <k wH,
Bole] AT 8 AEAHE EFfelok Fhl,

6. Manuscripts submitted for consideration for publication in KSNVE are not to be used as a platform for commer-

2

cialism or unjust means.
e AR Bzl ASH ARG ol gale] FFaAAY PAHG o5& FT slelM ohHrh
7. Every manuscript received is to be reviewed fairly by reviewer’s conscience as a scholar. And Ethics Committee

deliberate and decide on all matters related to research misconduct.
R QT A AR s B9 02 SEA Gel ek FHSA FAkslelol g,

(A7 : 2007. 09. 14, A3 : 2007.11.15)
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Research and Publication Ethics| AT&EEH&2|

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. | oS EE8se] RE UL Ho] A& P
AEEAo) 2 JFs F= AL dHska, 9] o 9 A
Hio] Al Z3hgal A28 &S 4T3 oItk ol RE 39
= AEZFEAY e &S JHAa d9l, W, f9e A2
T A& gHstal g4 PFdch

Authorship | XXte| xt#

It is recommended for every author including the first and cor-
responding author that authorship be based on the following 4
criteria : 1. Substantial contributions to the conception or de-
sign of the work; or the acquisition, analysis, or interpretation
of data for the work; AND 2. Drafting the work or revising it
critically for important intellectual content; AND 3. Final ap-
proval of the version to be published; AND 4. Agreement to
be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved. | +=%2] #
A7 97 A ol 4] NEe mF FEfelof Fitk. of
&L AAAL, ARSI} RE AxE gidem stk L
QA =] g, A, dlelee] #5324, sldje] ARl o]
@A}, 20 =] 2obe A =R Fa UleS daeHen
A A, 30 HE Ao 3ol g A, 4. =% ul8e] Fd
I A Ak ool A A WS Aol FolF A
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Duplicate Publication of Data | =& 0| 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. | +=<] 8- €} ] FiL
e IREA e oR 253EEsh gste] 5oy 3
A 7ML e Ao gt deAStlE et =E el AAE

i ofF B Ao FaL e UES a9
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Plagiarism | #2

Authors must not have presented portions of another’s work or
data as their own under any circumstances. | E}F219] v} 7%
o] GHEE A ATy Q1 AAF =Eolu Azl A E
AE <t Hu, Bl A7 H It HE EFdtolof gk

Policy on Commercialism | ££& 0|5

Manuscripts submitted for consideration for publication in
KSNVE are not to be used as a platform for commercialism
or unjust means. | A7 FAste] 5T HRE o] g3te]
AU A -G o] 55 F8tolAE ofErh

Review | MAt

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.
| =5 2 A7 Akl AES shs IS e2A A gl
e} FAHA AlAbstelok stk Z1el A Rl HE BE
AFE &3 7E Ao 5l Atk

Peer Review| ME7HAL THY

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. | Z<Q7H([ /1)
P E TS =Rl ARt ez 43k Jdei U
Faad ofd Fugl wEaid tele dden A5 T
das ARGE@ANLE, Bolrhe] wddstl] HA4E HES
A E7L e =i AR 390& MdAgsta, idagelike e
A25H 109 ol =i AASIAl AFE 2o =EAAE
og|gict. oAust T Al gk dAnkAl Alake HFEe
Aelatol w8 A4l 3912 elgate] =8 AASID F 29 o))
oG wol Az B,

= 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. | A Q42 AL the)
How nHE 5 dFow vk o, AAR|AY] vt &4l
AP Ak dtel| dof7t AS = AUrk

= If it is necessary during review process, authors and re-
viewers can exchange opinions on the intervention of the edit-
ing team. | =% AA} 5 Zdeshd AQE FAHE)E ALt
AR} g wgkek 4= Qv

= 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. | A ol Al 58 =79
AAPZIZEE 25 o UI(RIF=E-S 109 oJuhE B, o] 7]zte] A
v ARl 18] 5E5S dvh AAkeE §F 457 AU
MAARE A Fapd e AApeldem 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. | W< 44 B3 Fo| 2749 il
7 AFE e 83 APFmolA] ek dREE 1 ol 3%
HA & A9l HaT 5 Sk

= If the author of the unaccepted manuscript requires review
again, it cannot be accepted. | HFH o2 AL BIHATE
=] A Az Al e TE YR oR Helsd 5 glrk

Content and Publication Type | 293

An original article, review article and errata/revision/addendum/
retraction can be accepted as a publication type of this journal.
[ & =7 &3 o2 UA(Original article, Review article),
7/ 4 /371 A A A 3] (Errata/Revision/Addendum/Retraction) 9} 72
FTH7E o ol gl 9IS FrteteE gl

Fee for Page Charge | AIX{3|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). | =E-910] AAE= =8
Al 3] A wEh 2] =R EmEEE suk) 2 AAEY]
(k= o 7)o 10vkel/Z= g 2nkel, dd7H] A4 71 e
15hel/ZabA e 39k, it ¢ 71 69 209 l/Z T 4Tk,
st R FR)E WRslof sk
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