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ABSTRACT

The elevator inspection, which was conducted in 2012, was performed by introducing the EN

code; however, this code was applied only to the MRL elevators based on a complete revision of

the domestic inspection standards. With the introduction of new standards, items that can help verify

various types of performances, are now included in the standard. This requires the use of different

inspection instruments to for the verification of the various performances. Among them, in the case

of an automatic power-operated door, the magnitude of the door kinetic energy is verified to confirm

the impact on the user when the door is closed. This magnitude is measured by the inspector using

an instrument in the field or a test report submitted by the manufacturer after the tests. Various in-

struments, including internal development products and foreign instruments, are used for this purpose.

Thus, in measuring the kinetic door energy in the field, the value of each device will be different

and all the obtained values may not reliable and valid. In this study, we address the aforementioned

issue by varying the structure of the internal development product. The validity of the measured val-

ue was confirmed by developing and applying a calibration method.
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Fig. 1 Door kinetic energy measuring instrument
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Table 1 Comparison of specification

Kind New Push-pull Il a6
Spec. type
Load +1000 N +500 N +1000 N
Duty .
Kinetic | 4 55 9] 101
energy
Precision rate 0.2 % 0.2% 0.2%
Overload 150 % 200 % 150 %
Display 0.IN 01N 01N
resolution
Display unit N, J N, J N, J
Sampling rate 4096 Hz 1000 Hz 1000 Hz
Spring
coefficient 2.02 kgf/mm | 1.2 kgf/mm 5 kgtf/mm
(typical)
Weight 550 g 800 g 1200 g

N
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Fig. 3 Dynamic load tester
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Table 2 Results of the 1st comparative test

Load 4kg 4.82 kg 5.6 kg
Height U | K(push-pull) K(new) U K(push-pull) K(new) U K(push-pull) K(new)
1.60(36 %) 1.81(53 %) 2.08(46 %) 1.99(40 %) 2.51(52 %) 2.82(71 %)
0.03m | 1.18 | 1.62(37 %) 1.78(51 %) | 1.42 2.12(49 %) 2.02(42%) | 1.65 2.45(48 %) 2.79(69 %)
1.60(36 %) 1.85(57 %) 2.05(44 %) 1.95(37 %) 2.49(51 %) 2.91(76 %)
2.31(18 %) 2.52(29 %) 3.05(29 %) 3.63(54 %) 3.44(26 %) 4.14(51 %)
0.05m | 1.96 | 2.35(20 %) 2.62(34%) | 2.36 3.08(31 %) 3.68(56 %) | 2.74 3.49(27 %) 4.02(47 %)
2.37(21 %) 2.71(38 %) 3.03(28 %) 3.71(57 %) 3.42(25 %) 4.16(52 %)
4.18(7 %) 4.77(22 %) 5.25(11 %) 6.15(30 %) 6.42(17 %) 6.94(26 %)
0.1m |3.92| 4.24(8%) 4.8925%) | 4.72 5.28(12 %) 6.45(37 %) | 5.49 6.35(16 %) 7.02(28 %)
4.13(5 %) 4.78(22 %) 5.43(15 %) 6.27(33 %) 7.07(29 %) 6.87(25 %)
8.12(4 %) 9.42(20 %) 9.96(5 %) 11.14(18 %) 10.76(2 %) 11.82(8 %)
02m | 7.84 | 7.90(1 %) 9.28(18 %) | 9.45 10.23(8 %) 10.59(12 %) | 10.98 | 10.84(1 %) 11.91(8 %)
7.98(2 %) 9.44(20 %) 10.31(9 %) 11.28(19 %) 10.93(0 %) 12.03(10 %)

(a) New product (b) Push-pull type

(d) Side view

(c) Added mass

Fig. 4 Experimental method
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Table 3 Results of the 2nd comparative test

Load 2.085 kg
Height U KE(50 kgf/cm)

2.34(12 %)
2.17(6 %)

0.1 m 2.05

4.96(18 %)
4.04(1 %)
427(4 %)

0.2m 4.09

5.94(3 %)
6.22(1 %)
6.38(4 %)
5.75(7 %)
6.34(3 %)

03 m 6.14

Trans. Korean Soc. Noise Vib. Eng., 31(1):5~12, 2021 |9
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Table 4 Results of the final comparative test
Stiffness
. U 22 kgf/em 30 kgf/em
Height
005m | 1.04| 101 | 096 | 106 | 1.00 | 1.01 | 1.08
: T (2.82%)|(7.45%)|(1.92%)|(3.67%)| (2.6 7%)| (3.45%)
odm 208|222 | 208 | 194 | 217 | 217 | 2.10
: T2 1(6.71%)](0.12%)|(6.72%)|(4.29%) | (4.29%)| (0.65%)
o15m |3.12| 309 | 309 | 296 | 3.19 | 315 | 3.8
: 2 1(1.14%)|(1.14%)|(5.19%)[(2.01%)|(0.83%)| (2.01%)
02m |ai7| 429 | 415 | 415 | 414 | 431 | 431
: 1 11(3.12%)|(0.47%)|(0.47%)|(0.65%) |(3.45%)| (3.45%)
519 | 520 | 5.19 | 517 | 527 | 5.27
025m |521
(0.29%)((0.29%)((0.29%)((0.77%)|(1.05%)| (1.05%)
03m 625 582 | 606 | 605 | 631 | 631 | 623
: 27 1(6.90%)|(3.12%)|(3.12%)[(0.97%)((0.97%)| (0.28%)
035m | 730 718 | 718 | 701 | 7.2 | 729 | 746
: =7 1(1.58%)|(1.58%)|(2.47%)[(2.39%)((0.10%)| (2.22%)
9.51 | 938 | 9.58
045m 1938 - T [(1.39%)](0.03%)[ 2.07%)
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Analysis of the Abnormal Sound Caused by the Stick-slip Nonlinear
Vibration Occurred Between Strut Bearing and Propulsion Shaft
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ABSTRACT

When the propulsion shaft is rotating, friction-induced vibrations can occur between the shaft and

bearing according to the lubrication condition. For ship applications, a water-lubrication bearing is

usually adapted at the strut structure where the bearing is located in the water. Because the strut

bearing is lubricated with seawater, the friction coefficient is greater than that for the oil-lubricated

bearing and the friction coefficient varies as an exponential function of the relative velocity from the

shaft to the bearing. Under this condition, the shaft system can become unstable and stick-slip non-

linear friction-induced vibration can occur. In this research, the abnormal noise caused by the

stick-slip motion between the propeller shaft and strut bearing is described. Through experiment and

analysis, it can be verified that the abnormal noise is caused by the stick-slip vibration.
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Table 1 Mechanical properties of the rope guard

Item Value Unit
Density 7850 kg/m®
Young's modules 2x10" N/m?
Poison ratio 0.3 -
Table2 Natural frequencies of the rope guard

calculated by FEM

Gt Natural frequency[Hz] s by FEM
In air(f,) In water(f,,)
1 F) £ 1.6
2 F N 1.6
3 F+23 fi+8 1.65
4 F1+23 fit8 1.65
5 F1+23 Si+17 1.56
6 Fi+26 fit23 1.53
7 F+83 £i+36 1.72
8 F+83 fi+60 1.53
9 F+90 fi+63 1.54
10 Fi+110 fi+63 1.63
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Fig. 10 Vibration modes and stress distribution of
the rope guard
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Table 3 Natural frequencies of the rope guard from

experiments
Natural frequency[Hz]
Order
In air(f;) In water(f,,)

1 F)-23 fi-14
2 Fi-16 fi-10
3 F-3 fi-2

4 F+61 fi+38
5 F+69 fi+43
6 Fi+74 fit47
7 F+146 fi+92
8 Fi+156 £i+98
9 Fi+174 fi+109
10 Fi+247 fi+155

100

Accelerance[m/s”*2/N]

Frequency[Hz]

Fig. 11 FRF spectra from the modal test of the rope
guard
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ABSTRACT

In this paper, a method for improving the hardness of the mount is proposed in order to reduce

the vibration of the air conditioner outdoor unit panel. First, the vibration level of the first harmonic

frequency was determined, which was found to be high, that is, 600 r/min and 760 r/min. Second,

the vibration shape was analyzed via an operation deflection shape (ODS) analysis, and then, a mode

analysis was performed using a finite element model to analyze the influence of the local vibration

of the panel. It was found that the panel vibration originated from the rigid vibration of the outdoor

unit. Finally, the effect of the model in terms of reduction in the vibration was confirmed by apply-

ing a mount with an improved hardness based on the impact response spectrum. Finally, the effec-

tiveness of the improved mount design of the air conditioner outdoor panel in reducing the vibration

was verified.
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Table 1 Vibration levels of panels

RPM [F ]
[r/min] re[q}tllze}1 . Panel Magnitude [um]
Top cover 2.44
Front panel 16.0
600 9.8
Left panel 11.4
Right panel 12.4
Top cover 591
Front panel 4.14
760 12.5
Left panel 21.5
Right panel 23.6

T frEel o7 o] vk 7IAA e BH
of AR A, 724 54 o8 2AEaL,
ol % 25 FME SHse 71 deAd
of o8] WART. A4 A% BH Ha% &
3}k (harmonic frequency)”} Ao, &

3 AFole 7] E3F35(BPF; blade passing
frequency)7b Utk &334 (f) = 2 (H)F 2tk

_ RPM XN,

order
50 [Hz] )

A weeh didel distel Aesilth. SA8ANE

600 r/min> AHE el A, 760 r/minol A=
, 5 deA] 13} 2slgakre] AsEde] §
AlsHAl vrebsker. A AME A9 s VA gid
of tiate] 12k spFakerE A ujE Q] A g9l
T Ak

AHAIE Table 19] 2 AFdEe 7HA= 3

A T

eyt

g
A E(transmissibility) S
AR = Stk As T WE P B4 dEE
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(a) Top cover

(c) Left panel

i -

(d) Right panel

Fig. 1 Accelerometer positions for experimental setup
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Fig. 2 Measurement points of air conditioner outdoor
unit

View: Top View (Z View) View: 1SO View
Frequency: 9.88 [Hz] Frequency: 9.88 [Hz]

. Sicle Panel

+—— Front Panel

i_\. Front Panel

View: Front View (Y view)
Frequency: 9.88 [Hz]

View: Left View (X View)
Frequency: 9.88 [Hz]

Front Panel

i o
(a) 1st order vibration of 600 r/min (9.8 Hz)

View: Top View (Z View) View: 1SO
Frequency: 12.5 [Hz] Frequency 12 5 [Hz]

R_Side Pane

+—— Front Panel

;_, Front Panel

View: Front View (Y view)
Frequency: 12.5 [Hz]

View: Left View (X View)
Frequency: 12.5 [Hz]

Front Panel

e b
(b) 1st order vibration of 760 r/min (12.5 Hz)

Fig. 3 Operating deflection shapes of panels
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Table 3 Results of modal analysis

Right Panel and Vahe
‘ . - Bonded

Fig. 5 Boundary conditions of air conditioner outdoor
unit

Table 2 Material properties of air conditioner out

door unit
Material ][iegr;frllts}]/ Young,ﬁj[ If:j)dulus Poriesliic;n’s
SGCC 7121 144 830 0.3
SGCLD 7121 196 800 0.3
Aluminum 2450 78 900 0.33
Copper 8030 125 000 0.35
Polypropylene 4740 2000 0.4

Natural Vibration part
Mode frequency
[Hz] Location Direction
D% %_ 760 r/min°ﬂ/\i 7]_;()]_ Ist ~ 6th 0 Rigid body X, Y, Z
ol 4yl Byl 7th 14 Compressor X
5T AT 8th 15.9 Compressor Y
AlAT SN AFE B
] 1:1"’]' OH = E‘.J’]—E ] oth 24.1 Control box, X
tube
10th 243 Control box, X
tube
11th 30.6 Tube Y
12th 31 Front panel, Y. Z
control box
13th 325 Front panel, Y, z
top cover
14th 385 Front panel, Y, Z
top cover
15th 40.8 Tube Y

Table 4 Comparison of experiment and analysis

_— Natural frequency [Hz] |pifference Birer
Experiment | Analysis 2] k
14th 37.5 38.5 1 2.7

Fig. 6 14th mode shapes of air conditioner outdoor
unit
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Fig. 7 Location of excitation and response points

Table 5 Comparison of front panel vibration levels

RPM Frequency | Magnitude
Mount | Panel [Hz] [zm]
Overall
Existing (5 Hz~ 50 Hz) 164
600 Front 98 16
Overall 26
Improved (5 Hz ~ 50 Hz) :
9.8 0.79

Table 6 Comparison of left panel vibration levels

RPM Frequency | Magnitude
Mount [t Panel [Hz] [zm]
Overall
Existing (5 Hz~ 50 Hz) 222
760 Left 12.5 21.5
Overall 3]
Improved (5 Hz~ 50 Hz) )
12.5 0.61

Table 7 Comparison of right panel vibration levels

RPM Frequency | Magnitude
Mount [fmta] Panel [Hz] ]
Overall
23.
Existing (5 Hz ~ 50 Hz) 3.7
12. 23.
760 Right > 3.6
Overall 46
Improved (5 Hz ~ 50 Hz) )
12.5 0.7

28 | Trans. Korean Soc. Noise Vib. Eng., 31(1) : 24~29, 2021

T4 12.5 Hzol A 27 Hz2 13 3| A 594
oo olEasit. Aslvlel Awst AdH
Eg Agdo] 47 ¥ S4ANE FPAEA

=

I dgE of
do do

18 5 H ' . ' ——Existing Mount
. VA e - --Improved Mount
12 ._;';_27 Hz
£ N
= N
@ o i i |
T | [
2 P
£ 61 [
=) [
< | 1
= “ / L [ I
3 A I 4 ~
17 AR [ s
= =T A -/ N = P
o z \ N .

10 15 20 25 30 35 40 45 50
Frequency [ Hz ]

Fig. 8 Impact response spectrum

25 ——Front Panel_Existing Mount_1X
- --Front Panel_Improved Mount_1X
.20 -
£
S
—15
[
°
2
‘€10
=)
<
=
5
//'\
500 550 600 650 700 750 800 840
RPM
(a) Front panel
25 o
——Left Panel_Existing Mount_1X
——-Left Panel_Improved Mount_1X
20
£
3
—15
[}
°
2
‘e 10
2 /\
=
5 /
N - [ ~— - S - JES
500 550 600 650 700 750 800 840
RPM
(b) Left panel
25 " .
——Right Panel_Existing Mount_1X
——-Right Panel_Ilmproved Mount_1X‘
.20
£
ES
—15
o
°
2
‘€10
E /\
0\ »»»»» === 7T T - -— et Bttt B
500 550 600 650 700 750 800 840
RPM

(c) Right panel

Fig.9 Comparison of vibration level of existing
mount and improved mount



Jong-Hui Baek et al.; Vibration Reduction in the Outdoor Unit Panel of an Air Conditioner

tt. A%= B9 600 r/min
Az 849, 7438},
i) A= e 95 9% 7HAasIth 760 t/min®l

A AZ= wge] g A% We 80 % 1Asa, 13}

54 B
o] AL Agly] e AFPFS B
i, AEAL s FEssith i JAs54S
A7) S8l A4 A5 89lel dd AE5g 2
afal, xlsdo] =4 EAleeE S s A4
st} 5 3 WY B4 Bkl aeln e
719] A Alz="le] digk FHeARAS sk,
WERE A4¢ B9 vegids BAS0. 32
o8 2HEHS T3l 14 ST Ml EAl8)
= 3AFIFE EEEqlth 28 A vheE9
AEE Z7h FAFASE 17 BT 89 o]
o olgAA #3313tk 7 A 600 vminol A
A el AZE 1AL, 760 r/minll A= 2, =
gl o] AEe S Gkt wehA] 1
T rkrES] ARsid e A7) dide] WEA

ol w37} e AFasic

References

(1) Guedel, A., 2000, Noise of Propeller Fans Used
in Air-Conditioning Units Reduction of a Household

Refrigerator, Proceedings of the 29th International
Congress on Inter-Noise and Noise-Con, Vol. 2000, No.
4, pp. 27~30.

(2) Lee, S. B., Lee, J. H,, Kim, H. J., Choi, J. K,
Jin, S. H. and Park, Y. S., 1997, Flow Noise in the

Outdoor Unit of an Air-conditioner, Proceedings of the
KSNVE Annual Spring Conference, pp. 594~601.

(3) Lee, S. B, Kim, K. H. and Joo, J. M., 2001,
Design Parameter Analysis on the Performance and
Noise of Axial Fan, Proceedings of the KSNVE Annual
Autumn Conference, pp. 275~28]1.

(4) Lee, S. B., Ahn, K. W,, Baek, S. J., Kim, C. J.
and Jeon, W. H., 2001, Noise prediction of Centrifugal
Compressor
Calculation, Proceedings of the KSNVE Annual Autumn
Conference, pp. 504~511.

(5) Lee, B. C. and Kim, J. D., 2000, Experimental
Analysis on the Resonator in the Rotary Compressor,
Proceedings of the KSNVE Conference, pp. 1410~1415.

(6) Lee, B. C. and Kim, J. D., 2004, Experimental
Analysis Using Taguchi Method on the Resonator in the

Impeller based on Rapid Loading

Rotary Compressor for Air Conditioner, Transactions of
the Korean Society for Noise and Vibration Engineering,
Vol. 14, No. 1, pp. 3~9.

(7) Suh, J. S, 2014, A Study on the Measurement of
the Pipeline Displacement Vibration Using Accelerometers,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 24, No. 6, pp. 476 ~482.

(8) ANSYS User's Manual, Revision 17.1, 2016,
ANSYS Inc.

Jong-Hui Baek received B.S. and
M.S. degrees from Keimyung
University in 2017, 2020. His re-
search interests are the mechanical

i)
3l

system design to reduce noise and

St
_

vibration.

Won-Jin Kim received his Ph.D.
Dept.
Engineering at KAIST in

of Mechanical
1993.
He has been working for Dept. of

from the

—
- Ca il .
L
A
—

Mechanical and Automotive
Engineering as a professor since
1997. His

cludes source and system identification, the mechan-

research interest in-

ical system design to reduce noise and vibration.

Trans. Korean Soc. Noise Vib. Eng., 31(1) : 24~29, 2021 |29



Trans. Korean Soc. Noise Vib. Eng., 31(1): 30~39, 2021
https://doi.org/10.5050/KSNVE.2021.31.1.030

EE_”A‘_%X.J%-SQ‘I 28 M 313 M 13, pp.30~39, 2021
ISSN 1598-2785(Print), ISSN 2287-5476(Online)

A AL HF7|E AAHE 1F

(o]

A Suggestion of Noise Standards for Water Supply and
Drainage in Restroom

F 2 42 )

o..
3 3

Kwan-Seop Yang', Hye-Kyung Shin" and Kyoung-Woo Kim'

(Received October 13, 2020 ; Revised December 7, 2020 ; Accepted January 7, 2021)

Key Words : Toilets(3}°4-2), Water Supply and Drainage Noise(3 Wl|5=4), Performance Standards(’] s 7]55),
Specification Standard(A|%7]<7), Subjective Response(5-324 WFg), laboratory Assessment(2 32 H7}

ABSTRACT

This study aimed to suggest standards concerning apartment restroom noise, which is known to be

the second most frequent noise complaint of residents,

after floor-impact noise. To investigate the

noise level, the restroom noise of 60 households has been measured from the restroom of the floor

immediately below. The current standards are based on specification standards. However, to induce

practical improvement, the standards need to be revised according to noise-level criteria. Based on the

results of subjective response through laboratory assessment, a maximum noise level (Lma) of 40 dB(A)

was analyzed to be an appropriate criterion for restroom noise. However, considering both the meas-

urement results and the subjective response, it seems to be necessary to strengthen the criterion to
Liax = 45dB(A) and 40 dB(A) for the first and second stages, respectively.
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Table 1 Scoring scheme related to water supply and drainage noise in restroom

Application of restroom noise reduction methods and installations Scores
Maintain the water supply pressure for each household below 0.245 MPa 2
Install low-noise toilet" 2
Install wall-mounted toilet” 3

Apply 1 or 2 among vibration insulations on piping penetration of wall and floor, drain fixture of lower
floor, and bathtub bottom, and insulation on the toilet bottom

Apply 3 or more among vibration insulations on piping penetration of wall and floor, drain fixture of lower

floor, and bathtub bottom, and insulation on the toilet bottom 2

5dB(A) ~ 10 dB(A) 1

Difference of noise level between the low-noise drain 10 dB(A) ~ 15 dB(A) 2
pipe (including drainage method)”and the common rigid

PVC pipe(VG2 of KS M 3404) 15 dB(A) ~ 20 dB(A) 3

20 dB(A) and above 4

Apply on-slab plumbing for waste and drain pipes 5

Establish countermeasure against noise transfer between Install independent air supply and exhaust pipes 3

upper and lower floors through exhaust AD (air duct) Install noise-proof exhaust air duct? 2

Note

1) Low-noise toilet refers to a toilet with a Lmax of 3 dB(A) and above, which is measured during drainage (excluding
water supply sound) in comparison with the siphon (or siphon-jet) toilet in the same place (apartment restroom or any
equivalent restroom for testing house) and under same measurement conditions (i.e., same drain pipes and ceiling
finish on the lower floor). The measurement of noise level is performed on the floor where the toilets are installed.

2) Wall-mounted toilet refers to a case where the drain pipe of the toilet is directly connected to a pipe duct through the
wall.

3) Low-noise drain pipe includes a method of installing a device or a component (including materials) designed for
noise-reduction inside the pipe. The performance is determined based on a difference of Lmax between a target drain
pipe (including the installation method) and the common rigid PVC pipe (VG2 of KS M 3404) in the same
place(apartment restroom or any equivalent restroom for testing house) and under same measurement conditions (i.e.,
same drain pipes and ceiling finish on the lower floor).

4) Noise-proof exhaust air duct is an exhaust air duct showing a noise-proof performance difference of at least 5 dB(A)
compared to the common exhaust air ducts under the same measuring condition.
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(a) Under-slab plumbing (b) On-slab plumbing
system system

Fig.1 Types of restroom drainage system
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Table 3 Drainage noise measurements results

Equivalent Maximum
Classification noise level noise level
(dB(A)) (dB(A))
Minimum 31.4 36.2
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plumbing Maximum 45.1 60.0
system
Average 38.8 479
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plumbing Maximum 36.0 51.3
system
Average 31.3 43.7
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Fig. 2 Laboratory assessment environment
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Table4 Annoyance
noise level

rating according to maximum

Maximum Response
noise level
.. . Standard
(dB(A)) Average | Minimum | Maximum e
31 22 1 6 1.2
34 2.7 1 6 1.2
37 34 1 7 1.4
40 39 1 7 1.4
43 4.7 1 7 1.5
46 53 2 7 1.4
49 5.6 2 7 1.4
7
6 |

Average Annoyance
Y
T

1 1 1 1 1 1
25 30 35 40 45 50 55

Sound Pressure level [Lmax dB(A)]

Fig. 3 Mean annoyance ratings to maximum noise level
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ABSTRACT

Motor noise is one of the important quality factors for motor performance. Generally, in a motor

production line, motor noise is inspected by a skilled worker. Because motor noise can be caused by

a variety of sources or combinations thereof, it is difficult to isolate each specific noise source. An

objective/automatic noise-source detection method would be helpful for motor manufacturers.

This

study introduces a noise-diagnosis method using a sound recognition technique and machine learning

methods. First, the raw noise data are filtered through a spectral noise-gate algorithm to reduce the

background noise. Then, mel-frequency cepstral coefficient features, which are widely used in the

speech-recognition technique, are extracted from the noise data. Finally, a noise-classification model

is developed using a support vector machine technique for motor data whose noise sources are

known. This model can be used to identify malfunctional motor noises and their sources. Finally,

this method was validated by comparing its results with those of frequency analysis from the motor

production line.
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Table 3 Model evaluation (support vector machine)

Noise Source Precision| Recall |[F1-score|Accuracy

Brush & commutator 1 1 1 0.97

1™ gear set
center distance

2" gear set
center distance

1% gear set
lubricant condition

2" gear set lubricant
condition

Gear housing cap
assembly
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Power Driving System(s 3 -5 A|2=8l)

ABSTRACT

The power driving system (PDS) comprises parts such as the chain, sprocket, gear, bearing, and

rotating shaft. The purpose of this study is to develop a condition-monitoring device that diagnoses

component defects early by using a convolutional neural network to prevent complete damage due to

component defects. For this study, eight types of defects are artificially manufactured in various parts

and assembled to build a PDS. A convolutional neural network is developed to classify and diagnose

the eight types of defects. A feature for faults is successfully extracted, and fault classification is

achieved with 90 % accuracy.
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ABSTRACT

The wire mount, which is made of metal and is suitable for harsh environments, has a rubber-like

nonlinear hysteresis (for example, stiffness and damping). To estimate the nonlinear property accord-
ing to the excitation acceleration, the transmissibility and phase were measured through a single-axis
sine sweep test. The measured transmissibility and phase were applied to a one-degree-of-freedom
system to estimate the stiffness and viscous damping coefficient. As a result of the estimation, the

damping and stiffness differ according to the excitation acceleration level and frequency, and tend to

decrease as the excitation acceleration level increases. As a vibration isolator, the wire-mount

three-axis seismic test was conducted to confirm the performance, and the results were compared

with the single-axis test and discussed.
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ABSTRACT

The transfer matrix for a simple centrifugal pendulum absorber (CPA) is defined using the vec-

tor-type four-pole parameter method. The matrix is validated by comparing the angular accelerance of

the absorber obtained by the transfer-matrix method (TMM) adopting derived matrix with the angular

accelerance from the traditional method using inertia, stiffness, and damping matrices. Then, TMM is

used to calculate the angular displacement transmissibility of a base excited 2-degree-of-freedom

system. The optimal configuration of the CPA is investigated using the transfer matrix derived in the

first step. The displacement transmissibility of the system modified by the CPA is compared with

that of the original system to determine the effect of the CPA. Finally, the displacement trans-

missibility of a system modified by the CPA is compared with that of the system using a classical

dynamic absorber. The results indicate that the transfer matrix introduced in this study can be uti-

lized to investigate the performance of the given CPA and determine the optimal configuration of

the CPA for the given requirements.
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Table 2 Parameter of CPA system

Description Unit Value
Input/ Input disc | Inertia (£} kgm® -
output Output disc| Inertia (1) kgm? -
Spring (k) Nm/rad 4664.4
Damper (c) Nm/rad 2.33
Mass kg 1
CPA Pendulum | Length (R) m 0.16
system Length () m 0.04
St(‘gne)ss Nm/rad | 157.91
Arm ppa'
D?‘:P‘)ng Nms/rad | 0.079
cpa.
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ABSTRACT

This paper describes a method to shorten the minimum detectable distance of an ultrasonic sensor

in a liquid-level meter. The minimum detectable distance, which is limited by the number of ultra-

sonic transmission pulses and the ringing of the vibration plates in the sensor, needs to be shortened

by an appropriate method. The purpose of this research is to improve the proximal measurement ca-

pability by combining the ultrasonic sensor for a liquid-level meter with a waveguide. Flat- and

wedged-wall-type waveguides were designed and finite-element analysis was performed for ultrasound

transmission and reception. Experiments were conducted for the distance and water level measure-

ments by using the ultrasonic sensor combined with a waveguide. The results of the finite-element

analysis and experiments showed that the wedged-wall-type waveguide produced reasonable measure-

ments of the distance in the proximal range. We confirmed the improvement of the proximal-meas-

urement capability of an ultrasonic level meter, thus shortening the minimum detectable distance by

combination with a waveguide.
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ABSTRACT

The aim of the study was to classify the chaotic time-series data with the nonlinear problem using
the convolutional neural network (CNN), and to determine and verify the chaotic characteristics from a

deterministic system. The classical nonlinear differential equation established by the Rossler model was

used, and the chaotic characteristics were determined by the Lyapunov exponent. The chaotic properties
was visualized using an unthresholded recurrence plot through the proposed procedure. A simple CNN

model was developed to learn the extracted image using the proposed feature-visualization technique.

As a result, the chaotic characteristics were classified with an accuracy of 99 % or more.
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Table 1 CNN model

Layer Output shape Param #
Conv2d (None, 200, 200, 32) 896
Batch_normalization | (None, 200, 200, 32) 128
Max_pooling2d (None, 100, 100, 32) 0
Dropout (None, 100, 100, 32) 0

Conv2d_1 (None, 100, 100, 64) 18 496

Batch_normalization_1 | (None, 100, 100, 64) 256

Max_pooling2d 1 (None, 50, 50, 64) 0
Dropout_1 (None, 50, 50, 64) 0
Flatten (None, 160000) 0
Dense (None, 256) 40960 256
Batch_normalization 2 (None, 256) 1024
Dropout_2 (None, 256) 0
Dense 1 (None, 2) 514

151 L s L s
300 320 340 360 380 400
t

Fig.2 Time series of a Lorenz system with respect
to each parameter
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Table 2 Dataset samples

Data Number of samples Percentage
Training 2560 64 %
Validation 640 16 %
Testing 800 20 %
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ABSTRACT

The modal parameter of a carbon-fiber-reinforced plastic(CFRP) can be obtained through frequency

response functions.

It has been reported to vary with operational conditions,

temperature, spectral

loading patterns, as well as the direction of the carbon fibers. Previous studies have shown the sen-

sitivity of modal parameters to three parameters. For example, five specimens were used to conduct

a uniaxial excitation test by changing the direction of the carbon fibers. The effect of the spectral

loading pattern was only evident for the modal damping coefficient of CFRP specimens and two dif-

ferent spectrum patterns, random and harmonic, were applied for uniaxial excitation. In this study,

the mixed mode was considered to evaluate the sensitivity of modal parameters of CFRP specimens;

the uniaxial excitation condition used was the same as that in previous studies. The mixed mode of

excitation is also known as the sine-on-random(SOR) mode and is frequently applied in the military

as an advanced vibration test code. The modal parameters from the mixed mode were compared to

the results of the conventional single mode, random and harmonic, and the dynamic behavior of

CFRP specimens was evaluated under the mixed excitation condition.
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Fig. 1 Configurations of CFRP specimens (L: 150 mm,
W: 80 mm)

(b) Force

Fig.3 Uniaxial exciter with temperature chamber for
CFRP specimens

Table 1 Test profile for single excitation

Harmonic Random
# Frequency | Acceleration | Frequency |Acceleration
[Hz] [g] [Hz] [g*/Hz]
1 10 0.5 10 0.005
Fig.2 Uniaxial exciter with temperature chamber for
. 2 500 0.5 500 0.005
CFRP specimens
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Table 2 Variation of resonance frequencies for single modes[unit : Hz]

0 Harmonic Random
-8C 20C 50°C 80°C 105C -8C 20C 50C 80C 105°C
0° 236.0 247.0 246.5 250.5 252.0 235.5 246.5 246.0 249.5 253.0
30° 141.0 123.5 121.5 119.5 116.0 141.5 123.0 121.5 120.0 114.5
45° 100.0 97.0 93.5 91.0 90.0 99.0 96.0 94.0 91.5 91.5
60° 85.0 68.5 72.0 70.5 67.0 85.0 68.5 71.5 71.0 67.5
90° 77.0 73.0 73.0 64.5 63.0 76.5 73.5 66.0 64.0 64.5

Table 3 Variation of modal damping coefficient for single modes[unit : %]

0 Harmonic Random
8°C 20C 50C 80°C 105C 8°C 20 50°C 80°C 105C
0° L1 L1 0.9 11 0.9 1.6 1.2 0.9 1.0 0.9
30° 16.1 2.1 1.4 17 2.8 18.5 2.2 1.6 0.8 5.1
45° 2.6 6.6 24 2.0 33 2.4 6.1 2.4 2.1 2.4
60° 2.2 14.5 3.8 2.6 2.4 2.6 13.0 3.8 2.9 8.5
90° 2.8 1.8 2.0 27 27 2.7 2.0 24 3.1 5.7

Table 4 Variation of resonance frequencies for mixed modes[unit : Hz]

Harmonic Random
0 8°C 20C 50C 80°C 105C 8°C 20C 50°C 80°C 105°C
0° 236.0 | 2465 | 2465 | 2490 | 2550 | 2360 | 2465 | 2465 | 249.5 | 2545
30° 1410 | 1235 | 1230 | 1200 | 1145 | 1410 | 1235 | 1215 | 1200 | 1150
45° 98.5 97.0 93.5 91.0 89.0 98.5 96.5 93.5 91.0 89.5
60° 85.5 68.5 72.0 70.0 66.5 85.0 68.5 72.0 70.5 67.0
90° 77.0 73.0 66.0 64.5 62.5 76.5 73.5 66.0 - 62.5

Table 5 Variation of resonance frequencies for mixed modes[unit : %]

Harmonic Random
J 8C 20°C 50°C 80°C 105°C 8C 20°C 50C 80°C 105°C
0° 0.7 1.1 0.3 1.1 0.8 1.5 1.3 1.0 1.0 1.0
30° 11.2 2.0 1.8 1.3 5.9 15.9 2.2 1.2 1.7 5.6
45° 2.5 5.8 2.4 1.6 3.5 2.5 6.1 2.4 1.9 4.2
60° 2.7 13.2 3.5 2.5 6.8 2.6 15.2 3.9 3.0 10.4
90° 3.0 1.8 1.9 2.4 9.4 2.7 1.8 2.1 - 14.2
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ABSTRACT

For a long time, finite element analysis was widely used as an analytical tool to predict the modal
parameters of large civil structures such as frequencies and mode shapes. However, their predicted re-
sponses normally do not correlate well with those observed because of the physical uncertainties inherent
in the boundary conditions, and material properties that are engaged during the mass and stiffness estima-
tions in the FE model. A modal parameter- or an FRF-based finite element model updating procedure
can effectively address the aforementioned issue by varying the structural parameters based on the opti-
mization theory, resulting in a highly reliable FE model. This paper demonstrates how a numerical or
mathematical model can be iteratively updated to closely match with the global responses of the physical
model. In this study, a slender arch structure for green houses is considered as a test specimen. Using
an impulse hammer, an input-output modal test is performed, and its natural frequencies and mode shapes
are extracted using an advanced system identification, called PolyMAX. Additionally, the test specimen is
numerically modeled using ANSYS and a common in-house program, which can be directly exported to
a FE model updating tool. The modal parameters or FRFs extracted from a series of vibration records
are used as the reference data for updating the initial finite element model by varying the stiffnesses of
the members and base or connection springs in a 3-dofs. Finally, it is found that the updated finite ele-
ment model shows sufficient improvement in the correlation between the test and analysis results in

terms of the modal parameters or FRFs, while the latter case scatters more.

& A TholZz A oA TE, FURE A
1M B & ALY, BEAN AHS, B x5

o] o
LS —
Wdekes 3 ge gAAe BEAETRE  TERY BAYLL

f

Corresponding  Author; Member, Department of Architectural
Engineering, Gwangju University, Professor
E-mail : gaza@gwangju.ac.kr

I Recommended by Editor Jaec Eun Kim

(©) The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 31(1) : 99~106, 2021



Soon-Ho Cho ; Determination of Boundary Conditions for a Slender Arch Structure Using the FE Model Updating Technique

o = T ’L\f ] J]'Jf]E OH]’O]—L‘ 5“
ARIAE Bt B8] EEeal, old uhg FxEo
#4 5AA 58e 2] dstelAE Al
NATzRo| wdahs e 2 7|24, olXER

2 a5 sl st Jaalgel olae] shalg
F e TR TREe APE AAs A
A& sk 9 2 =)

AT 5 gE APPEl Aol e,
sagel slstel Wdakeag ge S AT
A3

o
=
3% L 240 Fol 42 ofel el

Hd&hg-20F o] 4 23l (profile)o] ™,
% 7}5:}% ?i%ﬁ H2ess 24s7] fate]
A e A g,
. < HOP* #
*d, TZH«I 571 I HE 1y %%i 27314 (full
2nd-order analysis)©] &7-¥ v} At A2+
= g AATxE B e 7)aksks
2o a4 gt s A7l slahy o

MAE T8 QARAE o] §A)
ol 22 FE R

1%
=2
o2
o
mlo

ash, A & Ao ) A
T Qrke Holn?, ofgd =
7} A Hol| & J3ES R = A
AAR M dee2s FREY )%
Aol Aol ArE EAZA
R HERE =
b AT A o}x]¢] wjEdolE 50 cm ©)E
@,Hﬁ%?%]ﬂdéﬂ 79 bR A

o ‘lE ot
_VE 1o
244
o %0, J")‘ ﬂllo
= o
%

[o:

ru!
I o

e
I
gt

H X o & 8 ¢ jo M T ® (o o |
o orle R B e

1o 4
rir
=
e
o
- o
[
oo ol
2 F{U

N

fo

ko

f~

)

)
= dg o
)

o
o

o my ki @

N
I
o
oi)
o

it
i)
2
£ = Koo o 2

a3
N O
Prl
Mo
[\)
X
aut
o B>
o,
:Iol=
Jlﬂ Y
>
o
ox
e Lot
z (o
[\ 9]
L

o, >
:oé

X

N

A
ki
=

ol
o)

Fe|Hom i 3
A= A otsla

A
ol $AaFe] 471514 e 3
|

100 | Trans. Korean Soc. Noise Vib. Eng., 31(1) : 99~106, 2021

£°m&~d— OB FY % glrke 71 A7
2Aste] o] WEAYS A

01315} =74 019 o &= o]

o o
my =
rlo
e
foh
ol
-
BN
D
e
,‘.1}
%
8
=4
e,
=
v
=
(e}
é{
=R
"U
e

| 2229 4

=
7 oEH% A %7}0} %91 &S 23T,

2.1 AlgA W AEu

A AAZ AZE v s 20081
F5 A WA 71 AAED A Albst
3024 Zo] 10.0m, & 7.0m, %£°] 3.4 m,
Al 50em 2 F4 36 m/isE AA TS AAH
olth, AZE AEE Fxo MAAFF = Ak
Fig. 13} 2t} olxli= A7(d) 31.8 mm, F7(7) 1.5 mm,
Zh2d 2 A= A4 254 mm, 77 1.5 mmo)
77 vko] L(SPVHS)E ZHzb AHg-aHgith.

OF
e o

i—HJN.\’Ff

[ N A D)

AR oA e 9AE opH=A S
2o Ase] gouk, BAdA @ Wy 54 o

T B2A7L Qs o obxdl 7k FHE H st
AL ek AR 9 fiwErA S golat] shr] 9
ato] Hjdejul= 294 ersdrh

A& AL AME ICP Typedl 157152412
A PCB 393A03(1 V/g, 0.3 Hz ~ 1000 Hz, + 5 g)°|
] SAWHE ICP Typed force sensor’} Wdd
PCB 086D20 (0.23 mV/N, + 22 000 N)o|TH?, o]
B 8 54| (data aquisition, DAQ)E 16 ch®] 7]
LMSAH9] pimentoZA] 24 bit, 50 Hz~50 000 Hz7}
A theFst sampling rate, 0.316 V~10 V7}A] 4|
9] input range 59 AlYS HA3a Qv

oA T2 IfXET 9 REHHE AA6)
Qg o] AdL Fig. 1(b)ollA] & vpe} o] 1%
FHEA 2)9lA ?ﬁﬂﬂh‘%&i FAE ket 9

9 =2k 679 TIEEAE 1setuplE 3l 10
AE W S F, O AH o 22 AN o]
ol WS Biske] A 10 setupsS A @



Soon-Ho Cho ; Determination of Boundary Conditions for a Slender Arch Structure Using the FE Model Updating Technique

(a) Test structure

7,000 mm
700 700 . 700 1,400 1,400 700 700 700
2 Roving v
°‘ acdelometers Aottt 4 4
= PCB 393A03 1 8 13 % '\ 4 forurbalancec
8l g .6 oS —3
g Ry 18
S 42 v 3 B
s |3 & Y  StepPo=50N v BN
S ’ . P1=5*150N
7T SA = P2[F 5250 N
2 »Common {o PSZS*SSO
i allbetups F N v
S
8 Fixed hammer
- PCB 086D20
X GL
1 73

(b) An overall test setup and configuration

Fig.1 An arch structure for plastic film-covered green houses
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Fig. 3 Updated results by modal paramters
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Table 2 Updating results using modal parameters and FRF )
FEM updated FEM updated
(frequency and mode shape) (FRF) o
Modes
f Diff. | MAC | f | Diff. | MAC
[Hz] [%] [%] | [Hz] | [%] | [%]
1 2.887 -0.98 96.2 |3.118 | 6.95 | 83.9
2 5.221 1.00 98.9 |5.671| 9.7 | 98.7 (d) MAC val
values
3 10.154 4.00 60.9 |27.573|-18.55| 23.6 Fig. 4 Updated results by FRF
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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. @ "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.
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(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
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may impose the same sanctions and level as described in "Sanctions for Research Misconduct."
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