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Dynamic and Immobilization Properties of Laccase on Graphene Sheet:
A Molecular Dynamics Study
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ABSTRACT

The interfacial direct electron transfer (DET) between a biocatalyst and an electrode is crucial for

developing electrochemical devices. Graphene is a promising material for high-performance electrodes

because of its electric conductivity, material properties, and low cost. However, the interfacial effect

of the oxygen reduction enzyme called laccase (LAC) and graphene has not been studied yet. In this

study, immobilization of LAC on graphene results in better DET performance compared to that for

previous materials. Moreover, molecular dynamics simulation was performed to visualize the inter-

facial effects, in terms of the binding site, orientation form, and structural affinity. Graphene and

LAC were strongly immobilized by vdW force, and the obtained data were validated by comparison

with those of other materials. Our research reveals that immobilization of LAC on graphene results

in good DET performance through structural changes of graphene.

] -

h : planck constant

: gas constant

Kz : boltzmann constant

Hys : electric coupling between A and B
T : temperature in Kelvin

AG  : free energy difference

A : reorganization energy
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MD simulation
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ABSTRACT

The quietness of a living space greatly affects the quality of life of its residents. To maintain the

quietness of an indoor space, a solution is required for the floor impact sounds that have over the

years generated several civil complaints to the National Noise Information System. Accurate measure-

ment and evaluation of the floor structure are important factors for solving the floor impact sounds.
To reproduce the sound effect of children running on the floors accurately, a new impact source is

designed that complements the current standard impact sources. Prior to the designing, the important

factors were investigated via a questionnaire answered by experts. The experts' opinions reflected that
further information was required about the step length and velocity of children running. Experiments
were conducted to collect this data. The results showed that the factors showing positive correlation

with the step length and velocity were age, height, and weight. The gender of a child was not re-
lated to the step length and velocity. To depict the step length and velocity based on the inves-
tigated data, the radius and angular velocity of the impact parts of the new impact source was

calculated.
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Fig.2 View of children's running experiment (an eight
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Table 1 Mean value of experimental data (straight line)

Ace| N Step length Velocity The number of
g [cm] [m/s] (Hz) | step per second
2 8 452 1.56 (3.45) 3.51
3 9 58.1 1.94 (3.34) 3.45
4 |11 66.6 2.28 (3.40) 3.47
5 5 71.7 2.54 (3.25) 3.27
6 |12 81.8 2.68 (3.27) 332
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Fig. 3 Relation between children's age and step length
and velocity
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Table2 Mean value of second experimental data(An eight-

shape)
Age| N Step length Velocity The number of
[cm] [m/s] (Hz) | step per second
2 |11 32.9 1.04 (3.15) 3.22
3111 48.9 1.55 (3.16) 3.23
4 17 51.1 1.80 (3.52) 3.57
513 56.1 1.70 (3.03) 3.11
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Table3 Radius and rotational velocity of simulator
calculated by children's running data

Type Radius Period Rotational
yp [em] [s] velociry [deg/s]
Straight line 49.5 0.2 290.0
Eight-shape 32.5 0.2 208.3
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ABSTRACT

It was reported that the Gyeongju and Pohang earthquakes that occurred recently caused a great

deal of damage to non-structural elements, such as, power generation facilities as well as structural

elements, such as, buildings. In the case of electric cabinets, which are non-structural elements of

typical power generation facilities, when damage occurs due to earthquakes, secondary damage may

be caused. In general, using an electric cabinet is a self-supporting method of fixing the bottom of

the cabinet and the concrete slab using an anchor. When a deformation occurs at the bolt connection
point due to vibration of the body during an earthquake, the fixing force is weakened, which may

cause structural and functional damage. This functional damage can further impair the indirect social

facilities; hence, earthquake protection is of utmost importance. In this study, a vibration table test

was performed to confirm whether the vibrations during earthquakes were reduced by using the num-

ber of cabinet connection bolts as a parameter to improving the fixing force.
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Table 1 Description of specimens

Specification [mm] .
Name | Model (detail) L W H \XEc(lgg]ht
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518
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Table 2 Seismic parameters for artificial earthquake

Name Code SDS [g] z/h AFLEX-H [g] | ARIG-H [g] | AFLEX-V [g] | ARIG-V [g]
EQ1 KDS 0.55 1 0.88 0.66 0.36 0.14
Common application of
EQ2 seismic design criteria 0.825 ! 132 0.99 0.55 0.22
EQ3 200 % of EQI1 1.10 1 1.76 1.32 0.73 0.29
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Table 3 Test procedure and method

Table 4 Results of resonance frequency search tests

No Test name Test method
1 Visual inspection before testing
2 FL_lnctlo_n On-off-on test
verification
Resonant pr-levgl a{nphtgde(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 30s, strong motion
4 simulation 20s, 0.5Hz~50 Hz
EQl damping ration 5 %, triaxial test
5 Visual inspection after EQ1 test
6 Fqncthn On-off-on test after EQI test
verification
Seismic Time duration 30s, strong motion
7 simulation 20s, 0.5Hz~50 Hz
EQ2 damping ration 5 %, triaxial test
8 Visual inspection after EQ2 test
9 Fqncthn On-off-on test after EQ2 test
verification
Seismic Time duration 30s, strong motion
10 simulation 20s, 0.5Hz~ 50 Hz
EQ3 damping ration 5 %, triaxial test
11 Visual inspection after EQ3 test
12 Fqncthn On-off-on test after EQ3 test
verification
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ABSTRACT

In this study, the effect of cracking on the natural frequencies of width-tapered beams based on
the Bernoulli-Euler beam theory was analyzed. The tapered beam model considered had a linearly re-
ducing width along its length. The effect of cracking was modelled by a rotational spring, and the
Frobenius method was used to solve the differential equation of motion. The transfer matrix method
was utilized to determine the natural frequencies of these beams. The accuracy of the method was
demonstrated through a comparison between the predicted results and those observed in previous
studies. In addition, a detailed study was performed to analyze the variation in the natural frequen-
cies of the width-tapered beams with respect to the variation of the crack location. Applying the re-
sults discussed in the previous studies, the effect of cracking on the natural frequencies of the three

types of tapered beams was compared.
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Fig. 1 Geometry of a width-tapered beam with cracking
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Table 1 Material properties of the beam element

Notation Description Value
E Elastic modulus 200 GPa
p Density of beam material 7850 kg/m®
L Length of beam 0.8 m
by Width of cross-section 0.03m
hy Height of cross-section 0.0l m
v Poisson's ratio 0.3

Table 2 First three natural frequencies of a beam with a
single edge crack: ¢=0 and s=0.5

Natural frequency [Hz]
locatons | mo | presemt | Lee and Lec”
TMM FEA
1 12.25 12.24 12.28
z=0.2 2 79.82 79.81 79.91
3 221.00 220.99 221.17
1 12.69 12.69 12.71
z=0.6 2 77.06 77.05 77.24
3 219.17 219.16 219.35
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Table 3 First three natural frequencies of cracked beams: ¢=0.1,0.3,0.5 and s=0.1,0.3,0.5

Natural frequency [Hz]
G s Wiz Cracked beam
no. Intact — — = — — — — _ = —
z =0 x=0.1 z=0.2 =03 =04 x=0.5 x=0.6 z=0.7 x=0.8 =09
1 13.157 12.236 12.450 | 12.641 12.805 12.938 13.036 13.101 13.137 13.152 13.157
0.1 0.5 2 80.638 | 75.560 | 79.093 | 80.602 | 80.056 | 78.594 | 77.630 | 77.811 78.898 | 80.054 | 80.582
3 22433 | 211.51 223.50 | 221.80 | 217.43 | 220.68 | 224.33 | 219.97 | 215.19 | 217.98 | 223.39
1 14.190 13.222 13.437 13.633 13.805 13.946 14.053 14.126 14.167 14.185 14.189
0.3 0.5 2 82.565 | 77.389 | 80.929 | 82.515 | 82.018 | 80.529 | 79.506 | 79.654 | 80.757 | 81.953 | 82.507
3 226.24 | 21329 | 225.34 | 223.78 | 219.26 | 22244 | 226.24 | 22195 | 217.07 | 222.44 | 225.29
1 15.636 15.601 15.609 | 15.616 15.622 15.627 15.631 15.634 | 15.635 15.636 15.636
0.1 2 85.222 | 85.024 | 85.162 | 85.220 | 85.205 | 85.156 | 85.120 | 85.125 | 85.163 | 85.203 | 85.220
3 229.00 | 228.46 | 228.97 | 22892 | 228.76 | 228.87 | 229.00 | 228.86 | 228.69 | 228.80 | 228.97
1 15.636 15.326 15.427 15.458 15.513 15.558 15.592 15.615 15.628 15.634 15.636
0.5 0.3 2 85.222 | 83.507 | 85.034 | 85.202 | 85.072 | 84.625 | 84.303 | 84.349 | 84.688 | 85.043 | 85.205
3 229.00 | 224.47 | 228.96 | 228.30 | 226.88 | 227.82 | 229.00 | 227.73 | 226.25 | 227.16 | 228.74
1 15.636 14.595 14.816 15.022 15.206 | 15.361 15.480 15.562 15.609 15.630 15.636
0.5 2 85.222 | 79.906 | 83.483 | 85.155 | 84.702 | 83.172 | 82.083 | 82.202 | 83.331 84.578 | 85.160
3 229.00 | 21590 | 228.03 | 226.60 | 221.92 | 225.04 | 229.00 | 224.76 | 219.78 | 222.49 | 228.03
) 1.01 . . " . . . . . .
g 100
o | = 099r 1
*é g 098
o 1 S 09Tp o 1
2 :U" et/ - T
2 Model D 095 Mode 1 -
Mode 1 §
g Mode 2 B ooo4f Mode 2 1
L ogeaf Mode 2 1
- 0931 Mode 3
————— Mode 3 002

01 02 03 04 05 06 07 08 08 1
Crack location

Fig.2 Frequency ratio of the first three natural fre-
quencies of width-tapered beams with respect
to the variation of the crack location: ¢=0.1
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Fig.3 Frequency ratio of the first three natural fre-
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to the variation of the crack location: ¢=0.3
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Fig. 4 Frequency ratio of the first three natural frequencies
of width-tapered beams with respect to the variation
of the crack location: ¢=0.5
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(b) Duble tapered beam(type B)

Fig. 5 Geometry of single and double tapered beams

with cracking
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ABSTRACT

In this work, we propose a lunar lander demonstrator with lightweight landing gears combined
with foot-dampers to absorb landing impact loads and improve landing stability. We select an appro-
priate aluminum honeycomb and foot-damper model through a set of compression tests and analysis.
A set of landing tests with the lunar lander demonstrator is conducted to verify the landing stability
considering various ground conditions. In addition, load cells and accelerometers are installed to
measure the impact load and shock acceleration on the landing gear to investigate quantitative shock
absorption performance. Our test results show that the developed landing gears successfully attenuate
the shock and improve landing stability, meeting the design requirements.
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0.75m Primary
strut
Secondary
strut Aluminum
honeycomb

(a) Foot-pad

(b) Foot-damper

Fig. 1 Configuration of two landing gears of the lunar landers
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Node 0
Node 1
Node 2

(a) Configuration of the foot-damper

AgAA

(b) Variation of the thickness

(c) Variation of the number of ribs

Fig. 4 Trade-off study of the foot-damper

Table 1 Distortion ratio of the upper plates

V9 case| R t | Rib| D D, Mass
(b) HCC-3.75-3/4-3003 [mm] | [mm] | [ea] | [%] [%] [ke]
@ | 75 3 6 | 579 | 607 | 0.720
2 T T T 1
== CRIII-2.6-5/32-5052-Test (b) 75 5 6 4.26 4.54 0.984
=15 ——HCC-3.75-3/4-3003-Test || © | 75 7 6 | 345 | 3.79 1.248
o = CRIII-2.6-5/32-5052-Spec
= ~——HCC-3.75-3/4-3003-Spec | | (d | 75 10 6 245 | 248 1.644
2 1 0.75MPa
8 : @© | 75 3 8 | 401 | 433 | 0804
® 05 0.17MPa 1 ® | 75 5 8 | 351 | 3.72 1.152
00 26 4:0 66 8I0 100
Strain(%) 3. SHEIRM DAL EFAIY

(c) Stress-strain curves
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(b) Honeycomb

Fig.5 Test model of foot-damper

Coamaunan

Secondary strat | 8
" .
b Foot damper ___

N

Fig. 6 Lunar lander demonstrator

Table 2 Mass property of lunar lander demonstrator

Parts Primary | Secondary | Foot Body Total
strut strut damper | frame
Quantity
[EA] 4 8 1 4 1
Mass 111 6 11.55 647 | 5202 | 81.70
[ke]

Table3 Design requirement of the lunar lander
demonstrator

Condition Reference
Horizontal velocity 1 m/sec
Vertical velocity 3 m/sec

SRS at body and landing <1000 G

gear interface
Shock absorbing ratio > 50 %

a

Lcos@

—p \/

1 Gravity force
H=458.7mm

h=51.0mm

Fig. 7 Configuration of the pendulum model
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O : Input O : Output Table 4 Test cases of landing test
Leg 4 -
Test Landing | Vertical | Horizontal Wi Ly
Ground type : . success
ID type | velocity | velocity [0/X]
€05 Steel plate | 22 | 331 - 0
Case | Steel plate
2 | @y | 22| 30 - ©
€O Steel plate | 22 | 266 | 081 0
o5 Steel plate | 1-2-1 | 315 | 081 0
2 - Case | Jumoonjin
A NI-USB-4431 5 sand 22 3:32 ) ©
D)@ @ & Alaptop Case | Jumoonjin 20 335 L13 o
o o 6 sand
A NI-USB-4432 Steel plate
Case plat
7 +Jumoonjin |  2-2 3.47 - (6]
Fig. 8 Test setup sand

ofn)i},

. . End frame —Initial frame
Flight time = 510 ps (6)

A5 AN FAEHR R £
Fig. 83} o] A54xd] Rz} 714w AAE A
Aty =L Leg 13 Leg 39
(input)¥} 5+ ~EZ] Aekoutput)ol A& aL, 7}
= AME 7P AA FEeke 25gR 0 Fud

(b) 1-2-1 landing

Fig. 9 Landing configuration of landing test
o9 F 223 v dAsgn. $4550 /)

S HolE g A5el7) 915 54718 DAQSH B Jsteel plate) % FELH 71AH o] 44}
& ARSIt 2242 DytranAbe] 1061V38F & F837] %FAl(Jumoonjin sand)$loA] AELS
1061V45 AHESIROR], Z1%5E MNE PCBALY  alsigin0s, aes 4u5d Swst AR A}
M353BISE AHg3lSIT. olell ekzre] a7k MASNGAT 2T AFEE

=

3.3 ABAY + F870 BEAE Ao 20om FAZ 4550,
AFAGE Tableast do] F 7709 ABE 4 TG Al e FAFFYEE A3 S
Sglom ARe) BE FAFEYES AAH] G Fig 99k 2ol 22 AFH 121 ARG FYae
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—

(a) 0° tilt

==

(b) 20° tilt

Fig. 10 Landing test with 20° tilt ground

(c) 2™ touchdown

W, A AAte W FAEFTAS
3 Fig. 103} o] #wo] 20°¢] 71&7)
ok A AFAES T3
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25 Al EE Advta 3 AEE Ao A] E53
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o] &9 &1=0] Hu) 86.21 %, FTFA L2 60.30 %

7V gadte]l @ FFA 50 %S A3lEhE AS gl
3T

3.4 SRS(Shock Response Spectrum) 24
t5ol o) WISl SAskEe] FRA VA=
S HA5}7) HBH SRS &A1& Fsplrie.

(

% |

23

(d) Final landing

Fig. 11 Landing process of the lunar lander demonstrator (case 7)
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(C) Acceleration Table 6 SRS analysis results
Fig. 12 Test result for case 1 Peak acceleration [G]
Test ID Location
Input Output
Table 5 Test results according to test ID Case 1 Leg 3 39145 103.2
Maximum load [N] hock Case 2 Leg 3 507.18 87.876
Test ID | Location : lock
Input Output absorbing ratio Case 3 Leg 3 256.18 128.05
Case 1 | Leg 1| 53022 | 20805 60.76 % Case 4 Leg 3 115 90.88
ase
Leg 3 | 4745.18 | 1865.4 60.69 % Case 5 Leg 3 295.19 136.45
c 5 Leg 1 5532.4 2018.9 63.51 % Case 6 Leg 1 89.66 78.78
ase
Leg 3 3977.9 1801.8 54.70 % Case 7 Leg 1 115.97 76.86
c 3 Leg 1 14 786.8 2758.7 81.34 %
ase
Leg 3 | 46268 | 2099.6 34.62 % SRS #2412 tom-irvine©®] #|¢+st smallwood &Lz
Leg 1 17 418.1 2401. 219 - . [
Case 4 Leg S 5777783 28352 i? 44;’ S AFESI o™ Q factor(quality factor) 102 ARE
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Case 7 Leg 1 | 75247 1928.1 74.38 % gpeo] wE HurkEre] Aofike A3t Table 6
ase
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Average 0% B4 qEARAN Aol $A7KEEI 391456, 29

518 | Trans. Korean Soc. Noise Vib. Eng., 31(5) : 511~520, 2021



Han-Sol Choi et al.; Development and Validation of a Lunar Lander Demonstrator with Foot-damper based Landing Gears

Aol A 103.20 G7} HASIATE. B case 5
o = SRS FHrthzko] 295.19 GE 391.45 GRU} &
gkown olgfgt olfE EYe W AuA¢R <l

A% FFeF) HEos wdEnt FATAAA
M sl Eolxl =AM Az A
Fglo] Mg S22 100G FEoE Al £33
B 4 9= A 71 1000 G Vel BE 2
AAE SO AFEE A Hed 4 vt @
SR AT,

Few 7k JRAEgA) peeta ASesich |
A FEAAE At freteands B3 454
2 AEARS B A dRrE HUFS £
¥ kel 24WE glo] YA ER F dE
FeiE maS AAEth o2 AFEA 44 3
F Zags Agstel AARES AASNA, A8
maz Agetel AFAPE TNt AFAEL
AR, A 8 FHEE frel net £y
Atk ®E AFAAA bR om g AEst
Rqom FAsNES WA B AR A Az
oin] Z4sk50] EHOZ 60 % FEF T A
< Fdakgith. by AFeTEd FARTE
50 %E Ads] Wdhe A0R ke 3k 1A
of 7hiAE FFE B8] $13) SRS A S £
sHick 29l Aw} 1000 G PR ZF Al EA
= AgF] 4 glol ksl A% £ S

=
Aoz Ferdct

ot
N

o] AFE 20189U% e |EH BT Ao
2 A ftAe] 2¢e o}
2018M1A3A3A02065478).

References
(1) Song, E. J., Park, C. S., Cho, S. B. and Roh, W.

R., 2009, Mission Design for a Lunar Orbiter Launched
by KSLV-II, Aerospace Engineering and Technology,

Vol. 8, No. 1, pp. 108~116.

(2) Pham, V. L., Zhao, J., Goo, N. S., Lim, J. H.
and Hwang, D. S., 2013, Landing Stability Simulation
of a 1/6 Lunar Module with Aluminum Honeycomb
Dampers, International Journal of Aeronautical and
Space Sciences, Vol. 14, No. 4, pp. 356 ~368.

(3) Kim, W. S., Kim, S. W. and Hwang, D. S., 2011,
Development Trend of Shock-absorbing Landing Gear for
Lunar Lander, Current Industrial
Trends in Aerospace, Vol. 9, No. 1, pp. 119~129.

(4) Kim, Y. B, Jeong, H. J., Lim, J. H., Jang, 1. S.
and Kim, J. W., 2018, Overview of Shock Absorber of
Lunar Lander Using Foot Damper, Proceedings of the
KSAS Annual Autumn Conference, pp. 710~711.

(5) NASA, 1969, Technical Report: Surveyor Program
Result, NASA SP-184.

(6) Sundararaian, V., 2018, Overview and Technical
Architecture of India’s Chandrayaan-2 Mission to the
Moon, AIAA Aerospace Sciences Meeting, pp. 2178 ~2189.

(7) Yang, S. S., Jo, J. Y., Kim, J. H, Lim, J. H.
and Kim, S. H., 2012, Landing Behaviors of Lunar
Lander Considering the Effect of Lunar Regolith,
Proceedings of the KSAS Annual Autumn Conference,
pp. 1676~1681.

(8 Son, T. J, Na, K. S., Kim, J. W., Lim, J. H.
and Kim, K. W., 2013, Design of a Structural Model
for Korean Lunar Explorer, Journal of the Korean

and Technological

Society for Aeronautical and Space Sciences, Vol. 41,
No. 5, pp. 366~372.

(9) Liu, Y., Song, S., Li, M. and Wang, C., 2017,
Landing Stability Analysis for Lunar Landers Using
Computer  Simulation  Experiments,  International
Journal of Advanced Robotic Systems, Vol. 14, No. 6,
pp. 1729 ~1740.

(10) Yue, S., Nie, H., Zhang, M., Wei, X. and Gan,
S., 2018, Design and Landing Dynamic Analysis of
Reusable Landing Leg for a Near-space Manned
Capsule, Acta Astronautica, Vol. 147, pp. 9~26.

(11) Hexweb, T. M., 1999, Honeycomb Attributes
and Properties, Hexcel Composites.
Industrial 2021,
Aluminum Honeycomb Core, http://www.architecks.com/
kor/prod/rail.php?code=MIN1231691882.

15, 2021)

(12) Hongseong Company,

(accessed 10,

Trans. Korean Soc. Noise Vib. Eng., 31(5) : 511~520, 2021 | 519



Han-Sol Choi et al.; Development and Validation of a Lunar Lander Demonstrator with Foot-damper based Landing Gears

(13) Jeong, H. J., Lim, J. H. and Kim, J. W., 2018,
Evaluation of Landing Stability of Lunar Lander
Considering Various Landing Conditions, Journal of The
Korean Society for Aeronautical and Space Sciences,
Vol. 46, No. 2, pp. 124~132.

(14) Kim, J. W., 2017, Moon Lander Configuration
Study, Aerospace Industry Technology Trend, Vol. 15,
No. 2, pp. 175~181.

(15) Jeong, H. J., Lim, J. H. and Kim, J. W., 2019,
Development of a Coarse Lunar Soil Model Using
Discrete Element Method, Journal of the Korean Society
for Aeronautical and Space Sciences, Vol. 47, No. 1,
pp. 26~34.

(16) Kim, I, Koo, S. 2004,
Determination of Shock Response Spectrum Using FRF
of Statistical Energy Analysis Method, Transactions of

and Hwang, C.,

the Korean Society for Noise and Vibration Engineering,
Vol. 14, No. 7, pp. 551~560.

(17) Sun, W., Su, Q., Yuan, H. and Liu, L., 2020,
Calculation and Characteristic Analysis on Different
Types of Shock Response Spectrum, Journal of Physics:
Conference Series, Vol. 1676. 012236.

(18) NASA, 2019, NASA TECHNICAL STANDARD,
NASA-STD-5002A, pp. 6~44.

520 | Trans. Korean Soc. Noise Vib. Eng., 31(5) : 511~520, 2021

Han-Sol Choi received a B.S de-

gree in Mechanical Engineering
from Jeonbuk National University
in 2019. He is currently a master's
candidate as a graduate student.

" .
‘ .

namics, shock-absorber, and deployment mechanisms.

His research interests include finite

element methods, multi-body dy-

Jae Hyuk Lim received a B.S. de-
gree  in
from Inha University in 2000 and a
Master and Ph.D. degree from
KAIST in 2002 and 2006. He is

currently an associate professor in

Mechanical ~ Engineering

the Mechanical Engineering depart-
ment at Jeonbuk National University. His research inter-
ests include attenuation of shock and vibration, mul-
ti-body dynamics, finite element methods, and machine
learning applications.



Trans. Korean Soc. Noise Vib. Eng., 31(5) : 521~528, 2021

https://doi.org/10.5050/KSNVE.2021.31.5.521

S 7 JEEE %

S}

LIS

—E— & M 313 M55, pp.521~528, 2021
8-2785(Print), ISSN 2287-5476(Online)

a2

T 7R Ve

Video-based Deep Learning for Pipe Leakage Visualization

H

]\-] < Zﬂ.* : 26] il
Hogeon Seo’,

(Received July 13, 2021

Key Words : Video(%

; Revised August 19, 2021

h), Deep Learning(d 21'3), Pipe Leakage(Hl 3%+

QA A @A G
Byeonyeong Jeong , Jihyun Jun" and Young-Chul Choi'

; Accepted August 27, 2021)

A1), Visualization(7}*] 3})

ABSTRACT

Piping is a part of industrial structures that acts like human blood vessels. Since pipe leakages are

a threat to the integrity of a structure, it is one of the major monitoring targets. If inspectors are

unaware of leakages, access to pipes for inspection can cause serious injury to the human body.

Therefore, it is necessary to operate a monitoring system that detects pipe leakage regions for the

safety of not only facilities but also inspectors. In this study, a multi-kernel neural network was in-

troduced to visualize the pipe leakage regions through deep learning of the characteristics of pix-

el-wise color variation in normal and leakage regions from camera footage. Furthermore, we present

the results of properly adjusting the visualization properties through an analysis of precision and re-

call according to the threshold for leakage judgment based on the output of deep learning. The re-

sults show that leakage areas can be visualized in accordance with the leakage diagnosis environment

and purpose by adjusting the threshold.
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ABSTRACT

In this study, the assembling conditions of blades and rotors are investigated by the FEM model

of a blade with the different boundary conditions. It is assumed that the modal properties of blades

are identical and the blade modal frequencies are changed by the assembling condition only. It is

shown that the change in modal frequency by the assembling condition is approximately 0.25 % in

normal operating conditions. However, the variance of blade response can be increased by more than

30 % under narrow-band random excitations.
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Fig. 1 FEM model of turbine blade
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Table 1 Mesh generation of the turbine blade

Mesh method Multizone

Mapped mesh type Hexa

Free mesh type Hexa dominant

Element size 2.0 mm
Nodes no. 11 801
Elements no. 2098

Table 2 Material properties of the turbine blade

Young’s modulus 200 GPa
Poisson’s ratio 0.3
Density 7850 kg/m®

Fig. 2 Surface number of the blade root
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Table 4 The first natural frequency of blade with the
six cases of boundary condition

Operating speed 0 10000 | 20000 | 30000
[r/min]
Mean value
706.6 | 8564 | 1182.7 | 1566.0
[Hz]
Sta“dar‘[‘%‘ﬁev‘atw“ 0.1845 | 0.2101 | 03207 | 0.5483
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Fig. 4 Model of a bladed disk assembly
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Table 5 System parameters

Modal mass =0.0114 kg

Modal stiffness ko=430 000 N/m

Coupling stiffness K,.=45430N/m

Damping coefficient ¢=1.45Ns/m
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ABSTRACT

Corrugated core sandwich panels are relatively lightweight structure components compared to their

large flexural rigidity, and are widely used in automotive, aerospace, ship, and plant industries.

However, research on rigidity and vibration for these sandwich panels remains fairly poor. In this

study, the optimal sandwich panel is determined by presenting the rigidities of corrugated core sand-

wich panels with sinusoidal, triangular, trapezoidal, and rectangular waves. Furthermore, by analyzing

the vibration of the sandwich panels for arbitrary boundary conditions, a basic visual program for

practical and efficient static and dynamic design data extraction of the sandwich panels is completed.
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Table1 Waveform sizes under same weight with A yﬂdgl R AR D= 5 P A T o
cosine wave of h =25mm
Waveform h m, 9 Table 3 Waveform sizes when h =25 mm
Cosine wave 25 - - Waveform s m, 0
Triangle wave 26.7210 - 46.9058 Cosine wave 146.37 - -
Trapezoidal wave | 17.0239 1 68.5062 Triangle wave 141.4214 - 45
Tectangular wave | 11.5925 2.1566 - Trapezoidal wave | 164.5613 0.5 65.7
Rectangular wave 200 1 -

Table 2 Rigidities of sandwich panels under same
weight with cosine wave of h =25 mm
Waveform D,/D D,/D D, /D
Cosine wave 32.0994 37.6296 22.4898
Triangle wave 35.8761 42.0440 25.1423
Trapezoidal wave 17.3456 22.3750 12.1601
Rectangular wave 9.8882 12.6583 6.9360
w - +Dw/D = Dy/D -+Dxy/D
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8 35 B .
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& 30
&J 25
z
Sl
wv
Z 15
w
210
=]
Z 5
g o
COSINE TRIANGLE TRAPEZOIDAL RECTANGULAR
WAVEFORM

Fig.3 Rigidities of sandwich panels under same
weight with cosine wave of h =25 mm

Table 4 Rigidities of sandwich panels when h =25 mm

Waveform D,/D D, /D D,, /D
Cosine wave 32.0994 37.6296 22.4898
Triangle wave 32.1003 37.3119 22.4961

Trapezoidal wave | 32.0994 42.2435 22.4894
Rectangular wave | 32.0926 46.9259 22.4907
w 50
[’} '
= .
O 40 _ h
[C] L L
E 35 > * - .
g 30
o] 2 L * i -
n 20
g s
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2 s
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COSINE TRIANGLE TRAPEZOIDAL RECTANGULAR
WAVEFORM

Fig. 4 Rigidities of sandwich panels when h =25 mm
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Table 5 Natural frequencies of sandwich panels under
same weight with cosine wave of h =25mm
for boundary condition of F-F&C-F
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Table 6 Fundamental frequencies of sandwich panels
under same weight with cosine wave of h =
25 mm for various boundary conditions
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Boundary
condition Waveform Frequency [Hz]
Cosine wave 768.145
Triangle wave 812.039
C-C&C-C
Trapezoidal wave 576.648
Rectangular wave 434.653
Cosine wave 147.024
Triangle wave 155.433
C-F&C-F
Trapezoidal wave 109.796
Rectangular wave 82.8016
Cosine wave 276.626
Triangle wave 292.430
C-F&S-S
Trapezoidal wave 209.764
Rectangular wave 157.991
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ABSTRACT

The finite element analysis (FEA) of the nuclear power plant (NPP) system is generally excited

by a single representative acceleration data as the supporting points have similar elevations. However,

NPP pipes have multiple supporting points so that the multi-support excitation methodology which

applies excitation on each support is generally considered to obtain the exact seismic responses. In

this research, we study input methods for conducting multi-support excitations in FEA, and all the

methods are constructed under time history analysis considered more precise than floor response

spectrum analysis. Three types of input methods, namely large mass method, mode superposition

transient, and displacement input transient analysis, were considered in this research. As a result, we

conclude that all the methods generate similar motion parameters to the reference acceleration data

on each supporting point. In addition, it is considered whether there is an appropriate input method

to simulate another type of supports by changing the boundary condition on the support area.
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Fig. 1 FEM diagram of NPP piping system

Table 1 Finite element model information

Description
Element type Solid185
- # of elements : 60 768
Mesh division # of nodes : 76 080

Density : 9353.8 kg/m’
Young’s modulus : 175.4 GPa
Poisson’s ratio : 0.31

Material properties
(SA182 TP316)
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Table 2 Input acceleration data on each support

Support 1 Support 2 Support 3
[m/s?] [m/s?] [m/s?]

RMS | MAX | RMS | MAX | RMS | MAX

Supports
methods

Reference | 4.83 | 14.86 | 4.57 | 14.00 | 4.11 | 11.49

Mode
superposition

Error(%) | -0.84 | -0.16 | -0.69 | -0.27 | -0.54 | -0.33

479 | 1484 | 454 | 1397 | 409 | 11.45

LMM 478 | 1481 | 453 | 13.94| 4.08 | 11.43

Error(%) | -1.07 | -0.37 | -0.91 | -0.48 | -0.70 | -0.51

Displacement

. 479 | 1484 | 454 | 13.97 | 409 | 11.45
input

Error(%) | -0.82 | -0.15 | -0.68 | -0.25 | -0.53 | -0.32
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Fig. 5 Equivalent stresses of all supported case

Table 3 Maximum equivalent stress [MPa]

Type
Method Ends All All
supported supported | supported(*)

Mode 591.3 234.0 234.0
superposition (12.840s) (18.055 s) (18.055 s)

557.9 171.0 171.0
LMM (12850s) | (16.090s) | (16.0905)

Displacement 555.7 170.0 257.3
input (12.850's) (16.090 s) (10.440 s)

* 1 Considering another boundary condition.
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Fig. 7 Acceleration distribution on support 2 of dis-
placement input method and LMM
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ABSTRACT

Non-load bearing walls are widely used to facilitate the redesign of multi-residential housing

spaces. However, as there are different noise characteristics between load bearing walls and non-load

bearing walls, the effect of implementing non-load bearing walls on floor impact noise and slab vi-

bration compared to load bearing walls needs to be studied. In this study, field experiments are car-

ried out in a mock-up structure with various types of light-weight dry walls to evaluate the effect of

implementing non-load bearing walls on floor impact noise and slab vibration. We find that there are

little differences in the slab vibration and the floor impact noises between the different types of

light-weight dry walls. This study also performs a series of numerical analyses for different types of

light-weight walls and load-bearing walls to evaluate the effects on slab vibration and floor impact

noise. From the numerical analyses, it is observed that the types of light-weight walls makes little

difference to the effect on slab vibration and floor impact noise which is consistent with the field

test result. However, the numerical analyses show that the floor impact noise characteristics are dif-

ferent between the load-bearing walls and the light-weight walls because the effective plates are dif-

ferent, although the configuration of the slab is the same.
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Table 1 Composition of light-weight dry wall

Type Composition
Type 1 : Fireproof plasterboard 19T 2P + glass
plasterboard wool 24K 50T + fireproof plasterboard
system 19T 2P
Type 25 1 | ight-weigh I 75T
light-weight ight-weight concrete pane 75 -t
glass wool 32K 50T + light-weight
concrete

sandwich panel

concrete panel 75T

Type 3 :
ALC composite
structure

Soundproof plasterboard 12.5T 2P +
glass wool 24K 25T + ALC block 100T
+ glass wool 24K 25T + Soundproof
plasterboard 12.5T 2P

Table 2 Size of mock-up house

Type Value

Slab thickness 210 mm

Wall thickness 200 mm

Receiving room area 7.50 m?

Wall area 6.21 m*
Table 3 Specification of test equipment

Equipment

Model & specification

Standard
impact source

(heavy-weight) bang machine
(light-weight) tapping machine

FFT analyzer

SIEMENS, SCADAS mobile
- Sampling rate : ~204.8 kHz
- Dynamic range : ~ 150 dB

PCB, 352C33
Accelerometer | Sensitivity : 109 mV/g
- Dynamic range : ~50 g
- Frequency range : 0.5 ~ 10000 Hz
GRAS, 146AE
Microphone - Sensitivity : 50 mV/Pa

- Dynamic range : 18 dB~ 133 dB
- Frequency range : 3.15 kHz ~ 20 kHz
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Fig. 20 Operating deflection shape of case 2
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ABSTRACT

This paper presents a method to detect the mechanical faults of a chain drive power transmission

system (CDPTS) using a convolutional auto-encoder (CAE). In previous research, it was known that
the methods to detect faults of the CDPTS based on an artificial neural network (ANN) and con-

volutional neural network (CNN) were useful. In

this paper, an advanced application of CNN, the

CAE function of CNN is employed to detect faults. This method uses the characteristics of re-

construction of CAE. Difference of input images of the CNN and reconstructed images extracted by

CAE were used as the guideline of fault detection. In the fault condition of the system, the differ-

ence was larger than the predetermined threshold of error. The encoder of CAE can be fine-tuned to

classify the fault types of CDPTS. Finally, this method was well applied to diagnose the fault types

of the test CDPTS installed in the laboratory.
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Table 1 Fault types of chain transmission system

Condition Name Fault type
Normal Good -
Fault0O1 3 damaged teeth of gear
Fault02 Rotor shaft eccentricity
1 hole on the bearing surface
Fault03 Rotor shaft eccentricity
Alien substance in the bearing
Fault04 Rotor shaft eccentricity
Abnormal Rotor shaft eccentricity
Fault0S 1 broken tooth of gear
1 hole on the bearing surface
Fault06 Rotor shaft eccentricity
1 broken tooth of gear
Alien substance in the bearing
Fault07 Rotor shaft eccentricity
1 broken tooth of gear
57 4123 1800 r/min, 22 2Plat A4E 295 57
&5 60r/mineZ Ay 4 o}oﬂﬂ-

14 AEE 918 A5 o] 7]} vha N 1
2} Analog devicesAt] 3% 71 =A|(ADXL337) 25
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o] AolA ol gHAY. BET Fuk= 2000 Hz=
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Table 2 Structure architecture of convolutional auto-encoder layer

No Name Output size Filter size/stride/number of channels

1 Image input layer (112,112,3) -

2 Conv layer (112x112x24) (3,3)/1/24

3 BN layer (112x112x24) -

4 Leaky ReLu layer (112x112%24) -

5 Max pooling layer (56x56x24) (2,2)/2/24

6 Conv layer (56x56%12) (3,3)/1/12

7 BN layer (56x56%12) -

8 Leaky ReLu layer (56%x56x12) -

9 Max pooling layer (28x28x12) (2,2)/2/12

10 Conv layer (28x28x12) (3,3)/1/12

11 BN layer (28x28x12) -

12 Leaky ReLu layer (28%28x12) -

13 Max pooling layer (14x14x12) (2,2)/2/12

14 T'Conv layer (28x28x%12) (4,4)/2/12

15 BN layer (28x28x12) -

16 Leaky ReLu layer (28x28x12) -

17 T Conv layer (56x56x12) (4,4)/2/12

18 BN layer (56x56%12) -

19 Leaky ReLu layer (56%x56x12) -

20 T'Conv layer (112x112x24) (4,4)/2/24

21 BN layer (112x112x24) -

22 Leaky ReLu layer (112x112%24) -

23 Conv layer (112x112%3) (3,3)/1/3

24 Clipped ReLu layer (112x112x3) Upperlimit: 255

25 Regression layer (112x112x3) -
Fault03

Fault01

Fault02

Fig. 6 Original images(left, input images of CAE), reconstructed images(middle, output images of CAE), error
images(right, difference of original images and reconstructed images)
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Table 3 Structure architecture of fine-tuned CNN

No Name Output size Filter size/stride/number of channels

1 Image input layer (112,112,3) -

2 Conv layer (112x112%24) (3,3)/1/24

3 BN layer (112x112x24) -

4 Leaky ReLu layer (112x112%24) -

5 Max pooling layer (56x56x24) (2,2)/2/24

6 Conv layer (56x56x12) (3,3)/1/12

7 BN layer (56x56x12) -

8 Leaky ReLu layer (56%x56x12) -

9 Max pooling layer (28%28x12) (2,2)/2/12

10 Conv layer (28x28x12) (3,3)/1/12

11 BN layer (28x28x12) -

12 Leaky ReLu layer (28x28x12) -

13 Max pooling layer (14x14x12) (2,2)/2/12

14 T'Conv layer (28%x28x%12) (4,4)/2/12

15 BN layer (28x28x12) -

16 Leaky ReLu layer (28x28x12) -
T, HAE dolgE o&ato] dog B7hekla, ©f o] mEellA AE I LEJANE ol &%
o 8t confusion matrix: Fig. 133} 2t} §7F¢] & WA Z=8G 7)HF Ag 71%] 7HS 97 Alsd i3]
#2200 TS Accuracys 99.8%2 AR S A A AL Bg AENA, AT AT B -

B} gee & % ook

5 2 E

of =l ARl ds AAe] Ags AAsH] ¢
& FooR P QEJINE Ak Ak
o FE LEJFUE A HAE A 7]of vk
of #-3g THEEARREH UE 1SS STFTH o]y
Ag ggoz gl 4= STFT oA & 43+
QERISHE o]fste] Hddte] 4 ojw|x| 9t
mean square errorg T3 %, W|E] Aslo] T
threshold& 7|02 ¥ A7t A3 i), 4
= 3 A2

4
F AERIAE Bt 77HA] R
olgsto] Ak LagFE HAE
Agholl s} <t 93.5
ozt 3ol disl 63.22 % 95.72 %, 99.24

%ol AER A% 2A5Y

%, 100 %,

97.40 %, 100 %, 100 %2] A== AgrS 7145191

LR 04%0] AED g Aee] AEE 4

] = =
TFE AT 5 JE AR gadl wPe
9 el Ak

o)
Belz gesn. oldd $4F erdadE o
F9 A% B el A% A Jlge A )

BE £4% 7, label2 Folstel S0k 2
L
-1

=
5 >~
3y

572 | Trans. Korean Soc. Noise Vib. Eng., 31(5) : 563~573, 2021

& 1o
i
pitd
M

u
=
R

o [N
w o

2

°

r

M o

2
e Hor 1

o i
oy
e k\ol
o> T
>0
M
R
2
rO
ofs
ol
2
o

o

H

[40

K

)

lo, 12
4o o K

{

nj

-zt

i

1o

i

o, X

3} fully connected

o dad S At

atith. 1= 9] 548 o]-88te] fine tuningdtd,
3)

e Bgo FqHoRE B2 AL T 4A
BE 88 F Jdern, gy g glo] el 9l
o} sl e 3 A1AEe A A At
99.8 %2 #2 A5 S W
Atel HIAE g5 7k A4 LEQIFY
oF A& sk 7|uke] A AAHS Ml &8
stoid AgS A eta | Agel labels
oJste] A &Aoo i kel gk FA47 2174
g 1 BRVE DA QS Aol
71 gl gk
= 7
o] A= 20219d% AH(HBTEHHEAT)



Chang-Hun Lee et al.; Fault Detection and Diagnosis of Chain Transmission System Using Convolutional Auto-encoder

AAo = FhmArA o] A& o} e A+
(No. 2019R1A2B5B02069400)7 20204 % 2:7]
Q74 APtEAA AT Z2AE 7Sl el 2
& AR JAFATH AT 71E Jid Ao A
wo} e A9l

tlo o

References

(1) Back, J. S., Kim, S. W., Lee, S. K. and Lee, C.
H., 2020, Conditioning Monitoring in Chain Sprocket
Drive Unit System Based on Artificial Neural Network,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 30, No. 3, pp. 286~293.

(2) Kankar, P. K., Sharma, S. C., Harsha., S. P.,
2011, Fault Diagnosis of Ball Bearings Using Machine
Learning Methods, Expert Systems with Applications,
Vol. 38, No. 3, pp. 1876~1886.

(3) Hu, Q., He, Z., Zhang, Z. and Zi, Y., 2007, Fault
Diagnosis of Rotating Machinery Based on Improved
Wavelet Package Transform and SVMs Ensemble,
Mechanical Systems and Signal Processing, Vol. 21, No. 2,
pp. 688~705.

(4) Saravanan, N., Kumar Siddabattuni, V. N. S. and
Ramachandran, K. 1., 2010, Fault Diagnosis of Spur
Bevel Gear Box Using Artificial Neural Network(ANN)
and Proximal Support Vector Machine(PSVM), Applied
Soft Computing, Vol. 10, No. 1, pp. 344~360.

(5) Masci, J., Meier, U., Ciresan, D., Schmidhuber,
J., 2011,
Hierarchical Feature Extraction, International Conference
on Artificial Neural Networks, pp. 52~59

(6) David, O. E., Netanyahu, N. S., 2016, Deep
Painter:Painter Classification Using Deep Convo lutional

Stacked Convolutional Auto-encoders for

Autoencoders, International Conference on Artificial
Neural Networks, pp. 20~28.

(7) Chen, M., Shi, X.,, Zhang, Y., Wu, D. and
Guizani, M., 2021, Deep Feature Learning for Medical
Image Analysis with Convolutional Autoencoder Neural
Network, IEEE Transaction on Big Data, Vol. 7, No. 4,
pp. 750~758.

(8) Cheng, Z., Sun, H., Takeuchi, M. and Katto, J.,

2018, Deep Convolutional AutoEncoder-based Lossy

Image Compression, 2018 Picture Coding Symposium,
pp. 253~257.

(9) Géron, A., 2019, Hands-on Machine Learning
with Scikit-learn, Keras and TensorFlow: Concepts,
Tools, and Techniques to Build Intelligent Systems,
O'Reilly Media, Inc., Canada.

(10) Loffe, S. 2015, Batch

Normalization: Accelerating Deep Network Training by

and Szegedy, C.,

Reducing Internal Covariate Shift, Proceedings of the
32nd International Conference on Machine Learning
(PMLR), Vol. 37, pp. 448~456.

(11) Dumoulin, V. and Visin, F., 2016, A Guide to
Convolution Arithmetic for Deep Learning, arXiv pre-
print, arXiv:1603.07285, http://arxiv.org/abs/1603.07285.

(12) Kingma, D. P. and Ba, J., 2014, Adam: A
Method for Stochastic Optimization, arXiv preprint, arXi
v:1412.6980, http://arxiv.org/abs/1412.6980.

(13) Maaten, L. V. D. and Hinton, G., 2008,
Visualizing Data Using t-SNE, Journal of Machine
Learning Research, Vol. 9, No. 11, pp. 2579~2605.

Chang-Hun Lee is a graduate stu-
dent in Department of Mechanical
Engineering at Inha University. He
has studied for the application of
_ signal processing and deep learning
to mechanical system and vehicle

system.

studied in the
Mechanical

Sang-Kwon Lee

Department of
Engineering at the Pusan National
University, Pusan, Korea for B.S. In
1998, he received a Ph.D. degree in
signal ISVR
(Institute of Sound and Vibration
Research) of the University of Southampton in U.K. He

-
——

S

processing at the

has continued the sound and vibration research in the
department of mechanical engineering inha University
since 1999. He worked in Hyundai Motor Company be-
tween 1984 and 1994 and researched Samsung Motor
Company on 1998.

Trans. Korean Soc. Noise Vib. Eng., 31(5) : 563~573, 2021 | 573



Trans. Korean Soc. Noise Vib. Eng., 31(5) : 574~581, 2021
https://doi.org/10.5050/KSNVE.2021.31.5.574

1R 3489 34

Fats AddA e ueEF

37 Pz
+&5TH

sHEASAESEE =28 M 31 A M55, pp. 574~581, 2021
1598-2785(Print), ISSN 2287- 5476(Onllne)

2ol o3t

Axdd £X

Floor Impact Sound Level Distribution in Upper and Lower Units
of an Apartment Based on Flanking Transmission by the Impact of a Rubber Ball

A< * =- % 2 -
ols - HAARBIFT - HAHF F -5

Songmi Lee’,

(Received September 14, 2021

Key Words : Floor Impact Sound(M}E%24 <),
Upper & Lower Unit(“33}5Altl)

; Revised October 07, 2021

BT oY %*.E

53"&7‘

*

Jeonghun Kim’, Suhong Kim’, Hansol Song  and Jongkwan Ryu'

; Accepted October 08, 2021)

Flanking Transmission(-$-3] 21'&), Level Distribution(2] & 3L),

ABSTRACT

This study investigated the distribution of floor impact sound levels in the upper and lower floors

of an apartment house by the flanking transmission of the sound caused by the impact of a rubber

ball. The rubber ball floor impact sound was measured in 10 units (five units on the upper and low-

er floors based on the excitation floor) of an apartment prior to completion. The measurements in-

dicated that the single number quantity (L'iarmax) Of the rubber ball impact sound on the fifth upper

and lower floors based on the excitation floor was reduced by 18 dB to 28 dB compared to the floor

directly below the excitation floor. It was also found that as the sound-receiving floor was further

away from the excitation floor, the decrease was greater at the corner sound-receiving point than at

the center and at the lower floor than at the upper floor. In addition, it was observed that the lower

the frequency band, the greater was the decrease in the floor impact sound level. These results and

further investigations would be helpful

in resolving conflicts between residents

due to mis-

identification of the location of the floor impact sound in apartments.
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