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Research for the Modeling of the Dynamic Analysis
for the Planetary Gear Sets under the Torque Fluctuation
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ABSTRACT

In this paper, to reduce planetary gear noise under the neutral control condition, a dynamic analy-
sis model for multi-stage planetary gear trains of the HMC 6th speed automatic transmissions under
a torque fluctuations condition is proposed. The natural frequencies of its system are computed by
solving the corresponding eigenvalue problem. Moreover, some forced torque fluctuation response to
the planetary gear system is applied to check its influence during neutral control. By undertaking
some parameter studies for analysis modeling, an underdrive brake torque fluctuation and underdrive
hub inertia are observed to be the most effective factors of the HMC 6th speed automatic trans-
mission’s planetary gear noise under the neutral control condition. To reduce neutral control planetary
gear noise, the underdrive torque fluctuation should be reduced whereas underdrive hub inertia should
be increased. However, every transmission has some torque fluctuations caused by the valve body
control response and friction component characteristic and those also have some manufacturing qual-
ity distributions. Therefore, control component inertia is an important item in the neutral control

condition. To adapt the neutral control to a next-generation transmission, its control component in-
ertia should be above a certain value.
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Table 1 Items and variations for parameter study

Case OD inertia U]()pri:s%l::re;“Q UD inertia

Base ‘N. C.’ | 9.65E-03 2.73E+00 1.76E-03

x 0.5 4.83E-03 1.37E+00 8.80E-04

x2 1.93E-02 5.47E+00 3.52E-03

x5 4.83E-02 1.37E+01 8.80E-03

x 10 9.65E-02 2.73E+01 1.76E-02

N 9.65E-03 1.00E-02 1.76E-03
Items Base | Casel | Case2 | Case3 | Case4 | Case5
Ring 1.00 | 1.00E | 1.00E | 1.00E | 1.00E | 1.00E
stiffness E+08| +07 | +04 | +09 | +10 | +05

Units : inertia(kgm?®), TQ(Nm), stiffness(Nm/rad)
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ABSTRACT

The capsule train is a subsonic high-speed transportation system adopting electrodynamic suspen-
sion using a superconducting magnet. As the capsule train travels in a levitated state by using mag-
netic levitation force at a certain speed, the dynamic characteristics under those conditions must be
considered. In this study, the running dynamic characteristics of a capsule train were studied in the
speed range of 210 km/h to 1080 km/h. To analyze the dynamic characteristics of a capsule train
comprising one carbody and two bogies, the equations with 15 degrees of freedom for vertical, later-
al, roll, pitch, and yaw directions were derived. Based on the characteristics of a side wall EDS sys-
tem, the effects of running speed, levitation coil pitch, and vertical and lateral displacement were
taken into account for the levitation stiffness and guidance stiffness, which function as primary sus-
pensions of capsule train. In addition, irregularities of the guideway in the vertical and lateral direc-
tions were considered in the analysis. Finally, the displacement and acceleration of capsule train were

analyzed in terms of specific frequencies and those magnitudes.
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Table 1 Main parameters of capsule train

Parameter Value Parameter Value
m 10 467 kg Ty 10 000 kg-m?
m, 16 361 kg Lee 16 700 kg-m”
L. 18m Tnp 612 000 kg-m?
L, 0.45m Iep 1 040 000 kg-m’
bair 7.4m Ty 1190 000 kg n*
hairb 0.497 m Iey 970 000 kg-m*
Nyire -0.102 m ' 372 600 N/m
hgua 0.07 m Ky 166 700 N/m
Wair 0.4 m Cp 2450 Ns/m
Wiy 0.63 m Cpl 400 Ns/m
P 0.45m Cs 3726 Ns/m
Csl 1677 Ns/m
u $=Av+Bu
y= Crs Du
ity (Right)
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Side Iregularity (Right)
andom Irregularity Model (Right)
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Table 2 Result of frequency analysis (displacement)

Frequency | Vertical | Lateral | Roll Pitch Yaw

(Hz) F|R|C|F [R|CI|F |R|C|F |R|CIF [R|C

0.46 o |o

0.67 o |o

0.9 o |o

1.03 o

1.1 o o

1.64 o )

6.13 o |o
6.88 o |o
9.25~10.18 o |o
14.5 o |o o |o
15.01 o |o
F(front bogie), R(rear bogie), C(carbody)
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Table 3 Result of frequency analysis (acceleration)
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Study on Fatigue Life Estimation of an Aircraft External Store
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ABSTRACT

In this article, we evaluate the fatigue life of an aircraft external store under real dynamic loads
of a helicopter. For estimation of fatigue life of an aircraft external store, we first measured the vi-
bration after mounting an aircraft external store on the actual helicopter and analyzed the PSD. Then,
the PSD for accelerated life test was calculated using VRS and time scaling. The natural frequency
obtained from the ODS test was compared with the natural frequency of the FEM analysis.
Moreover, the response PSD of the ODS test and the response PSD of the FEM analysis were
compared. The stress cycle through the SN curve of the material was analyzed. The cumulative dam-

age factor was analyzed via Miner’s rule. Finally, the fatigue life was predicted.

W(f)tftst : /\]é‘j }_Zﬂ,@] PSD(gZ/HZ)
1 &8 7Fs 24°] PSD(gYHz)

e dd WS oper
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s e PSD : 3} ~HEZ US(power spectral density)
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biest A&l AlZH(hour) spectrum)
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Table 1 Kurtosis value for 21 channel

Channel Kurtosis Channel Kurtosis
1 2.742 12 2.753
2 3.120 13 2.772
3 2.868 14 2.975
4 2.672 15 2.884
5 2.991 16 2.849
6 2.732 17 3.017
7 3.111 18 2.802
8 3.083 19 2.708
9 2.867 20 3.026
10 2.521 21 3.001
11 3.101 Avg. 2.885

3-Axis acceleration sensor

Fig. 1 Measurement configuration

Helicopter Pylon
Cabin External Store
DAQ/ Analog 3—Axi
—Axis
Storfige acceleration
Device sensor

Fig. 2 Measurement schematic
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Table 2 Natural frequencies by the ODS test

EMA(Hz)
Mode - - :
Time scaled White-noise
Y 1 23.5 23.5
axis 2 32.5 32
7 1 14.5 14.5
axis 2 24 24

Fig. 9 Measurement/monitoring points
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Fig. 10 Y-Axis responses PSD of measurement points
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Fig. 11 Z-Axis responses PSD of measurement points
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f= L
=20
A=1, for beam-type structures
/. =32.5Hz, dominant natural frequency(Hz) at Y-axis
f, =23.5Hz, dominant natural frequency(Hz) at Z-axis

Y pep = 0.039 g%/Hz
(PSD at 32.5 Hz, when Y-axis excited)

Y pop = 0.035 g%/Hz
(PSD at 23.5 Hz, when Z-axis excited)

=10.18,£=0.049, when Y-axis excited

)=8.58,£=0.058, when Z-axis excited

(3) FEM &}4]
FEAE &3
vibration 3415 sttt 25-F2H=2] modal &
A& FRIGSith ODSAIR o =R E 4 ZRE
83k 98 7FA time scaled PSDe <]el F1g 11
2] monitoring pointsel]

Stk 1elm 1 Eel SHE el

Table 3 Natural frequencies by FEA

FEA(Hz)
Mode
Time scaled
Y 1 25.0
axis 2 30.7
7 1 14.3
axis 2 253

Table 4 Stress values versus time for Y/Z-axes

Axis Stress level (MPa)

lo=154
Y 26=30.8
306=46.2

lo=52.4
z 26=104.8
36=157.2
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15t Mode
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2rd Mode

e’
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Z-Axis
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Fig. 12 Mode shape of FEA

Table 5 Comparison of natural frequencies

EMA (H) |FEA (HD) | g (o)
Mod - - - . lod/ Mode
ode | Time | White | Time |tme scale shape

scaled | -noise scaled | White-noise
Y 1] 235 235 25.0 -6/-6 Match
axis | 2| 325 32 30.7 +6/+4 | Match
7 1 14.5 14.5 14.3 +1/+1 Match
axis | 2 | 24 24 25.3 -5/-5 Match

Average error : 5%

Table 6 Comparison of PSD response GRMS

_ | Monitoring/ | EMA (GRMS) | FEA (GRMS) | Error
Axis measurement . - %)
points Time scaled | Time scaled
2 1.506 1.403 +7
3 1.518 1.418 +7
4 1.818 1.765 +3
5 1.512 1.358 +11
6 1.496 1.347 +11
Y 7 1.644 1.599 +3
8 2.614 2.513 +4
9 1.478 1.367 +8
10 1.306 1.351 -3
11 2.335 1.977 +18
2 1.419 1.333 +6
3 1.400 1.333 +5
4 4.780 4.475 +7
5 1.480 1.340 +10
6 1.474 1.353 +9
z 7 5.726 5.446 +5
8 4.770 4.481 +6
9 1.478 1.352 +9
10 1.499 1.366 +10
11 5.727 5.453 +5

Average error : 7%
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Table 7 Test cycles for Y/Z-axes

Time Natural Test
Axis ratio frequency | duration Test cycles
(Hz) (sec)
16(0.6827) n =3.0x10°
14400 [ s
Y 20(0.2718) 30.7 (4hours) n=12x10
30(0.0428) n;=1.9 x 10*
16(0.6827) ny=2.5x10°
14 400 _ 4
Z 20(0.2718) 253 (4hours) ns=9.9 x 10
36(0.0428) ne=1.6x 10*
Table 8 Cycles to failure for Y/Z-axes
Axis Stress level (MPa) Cycles to failure
lo=154 Ni=w
Y 26=30.8 N, =00
36=46.2 N3 =
lo=52.4 Ny=o0
z 26=104.8 Ns=6.4 % 10°
36=157.2 N¢=3.4x10°
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Vibration Analysis of Transmission Line with Stockbridge Dampers
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ABSTRACT

This paper discusses the dynamic modeling and vibration analysis of transmission lines with

Stockbridge dampers. Stockbridge dampers are attached to transmission lines to reduce the vibration

amplitude of the transmission line, thus avoiding the risk of fatigue on the line. To build a dynamic

model, the kinetic and potential energies of a transmission line with Stockbridge dampers were de-

rived using the assumed mode method and Lagrange’s equation. The equations of motion are ex-

pressed in matrix form, which is suitable for numerical simulations.

The efficiency of Stockbridge

dampers on the vibration reduction of the transmission line was numerically investigated by changing

their positions and properties. The numerical results show that attachment positions suggested by the

installation manual do not provide good performance; therefore, it requires more investigation. It is

also shown that a high natural frequency and damping ratio lead to better performance with regard

to vibration suppression.
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ABSTRACT

Since the last 30 years, there have been various studies conducted on different topics related to

floor impact sound. In this study, the papers and proceedings presented at KSNVE (The Korean

Society for Noise and Vibration Engineering) for the past 30 years are sorted as per the topics, and

the results were analyzed. The main subjects of these floor impact sound papers were floor impact

sound isolation system, including the resilient materials, and papers on measurement and evaluation

methods and prediction. Research on the prediction of floor impact sound has been conducted since

2005. Recently, research has been conducted on improving the floor impact sound isolation perform-

ance of existing apartment buildings or remodeling houses. For the slabs of apartment buildings, es-

tablishing a method for predicting the floor impact sound is imperative. It is urgent to issue interna-

tional standards for the SNQ and classification scheme of rubber ball impact sound. Furthermore,

adding the rubber ball impact sound measurement method as part of international standards is necessary.

It is considered that the simple measurement method of rubber ball impact sound can be useful for

the investigation of basic data for the development of quality control techniques in this field.
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Table 1 History of floor impact sound standards and
legal system

Date Content

Establishment of floor impact sound meas-

19969 urement method (KS F 2810)

Revision of floor impact sound measurement
method (KS F 2810-1(Light-weight sound),
KS F 2810-2(Heavy-weight sound))

2001. 6

Establishment of floor impact sound evalua-
tion method (KS F 2863-1(Light-weight
sound), KS F 2863-2(Heavy-weight sound))

2001. 6

Announcement of amendments to regulations
on housing construction codes

(Light-weight sound : 58 dB, Heavy-weight
sound : 50 dB)

2002. 11

1 Announcement of enactment of floor impact

2003. sound level in apartment buildings

Announcement of mandatory labelling of
floor impact sound isolation performance
grades for apartment building

2003. 4

Public hearing to establish legal standards

2003. 12 for floor impact sound

Announcement of building regulations re-

2004. 1 .. . ?
vision on housing construction codes

Announcement of notification 2005-189 on
classification of floor impact sound from
Ministry of Construction and Transportation

2005. 7

Mandatory installation of certified floor im-

2007. 7 pact sound isolation system

Public hearing for the revision of building

2012.7 regulation on floor impact sound

Revision of floor impact sound measurement
method (KS F 2810-2) - including rubber
impact sound source

2012. 12

Implementation of noise limit and compen-
sation standard between floors (Ministry of
Environment)

2014. 2

Recognition of the structure of floor impact
sound protection for apartment buildings and
the revision of management standards
(Adding rubber impact source, minimizing
the difference between field and laboratory
performance)

2014. 5

Application of floor impact sound regulation
on small apartment buildings, small rooms
for students and office hotel

2014. 8
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Fig. 1 Number of papers and proceedings and major issue related to floor impact sound from the 1990s to at
present sorted by year

Table 2 Standardization status and composition of ISO, KS on floor impact sound

Standard 1SO KS
Impact source Light Heavy Light Heavy
Classification scheme ISO NP TS 19488 - - -
SNQ ISO/DIS 717-2 KS F 2863-1 KS F 2863-2
Survey method 1SO 10052 ISO/CD 10052 KS F ISO 10052 -
Field measurement ISO 16283-2 KSKFS 1];()2 811602_;3-2 KSKFS II;O2 811602_53-2
Prediction method ISI?)OI(I)éigi‘l-E4 - KS F ISO 10848-1~4 -
Laboratory method igg 10140—3 KS F ISO 10140-3
0140-5 KS F ISO 10140-5
Material property 150 163501 - KS F 2865 KS F 2865
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Table 5 Number of proceedings sorted by the topic

Topic No. of proceedings | Percentage

Isolation system and 155 47.4%
materials

Measuremgnt & 91 27.8%
evaluation

Prediction 34 10.4 %

Etc. 47 14.4 %

Sum 327 100 %
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Table 6 Number of proceedings on floor impact sound
isolation system

Topic No. of proceedings | Percentage
Finishing material 16 10.3 %
Resilient material 45 29.0 %
Damping material 3 1.9%
Aerated concrete,

non-resilient material 7 4.5%
system
Reinforcen_lent, 16 103 %
remodelling
Structure optimization 26 16.8 %
Slab 10 6.5%

Ceiling 13 8.4%

Quality control 1 0.7 %

Access floor type 7 4.5%

Etc 11 7.1%

Sum 155 100 %
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Table 7 Number of proceedings on floor impact prediction
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ABSTRACT

In this paper, bearing arrangements for multi-wire saw were studied with the aim of reducing time

and material loss in the after-treatment process. Due to the displacement of the spindle during the

cutting process, the workpieces are curved. To improve the stiffness of the spindle, a bearing ar-

rangement was performed. Because the mass of the spindle assembly is maintained in a bearing ar-

rangement, the stiffness increases if the natural frequency increases. The bearing used in this study

are angular contact ball bearings, which support both radial and axial loads.

Angular contact ball

bearings are modeled as a spring element that can take into account the contact angle between the

spindle and the bearing. After the bearing arrangement, the natural frequency increased by 8.8 % in

the first bending mode and by 9.9 % in the second bending mode, compared with the base model.
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Table1 Result of linear static analysis according to
the number of spring elements

Maximum displacement (107 mm)

4 spring 6 spring 8 spring 12 spring
1.86 1.56 1.71 1.65
16 spring 18 spring 24 spring 32 spring
1.69 1.63 1.62 1.66

Table 2 Natural frequency result according to the
number of spring elements

—_— Natural frequency (Hz)
Ist mode|2nd mode|3rd mode{dth mode|Sth mode{6th mode
4 spring| 3.91 434 434 945 945 1371
6 spring| 3.91 410 475 876 1032 | 1280
8 spring| 3.91 447 447 963 963 1412
12 springl 3.91 461 461 994 994 1461
16 springl 3.91 455 455 984 984 1432
18 spring 3.91 457 521 922 1078 | 1336
24 springl 3.91 466 466 1005 | 1005 | 1489
32 springl 3.91 459 459 992 992 1455
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Table 3 Comparison of arrangement type and natural
frequency in A, B, D design area

Table 5 Natural frequency of models after change of
bearing location

De(sjrg},r;ee;rea Frequency (Hz)
Model

AlBlc|D Ist bending 2nd bending

mode mode

Model 1| O | O |C1| O 447 963
Model 2| X | O |C1| O 443 959
Model 3| O | O |C1| X 437 954
Model 4| X | O |C1| X 436 951
Model 5/ O | X |C1| O 445 959
Model 6| X | X |C1| O 441 954
Model 7| O | X |C1| X 434 950
Model 8| X | X |Cl| X 433 947

Table 4 Comparison of arrangement type and natural
frequency in C design area

De(srirgyl;, ea)rea Frequency (Hz)
Model
AlBlclD Ist bending | 2nd bending

mode mode
Model C1| O | O |C1| O 447 963
Model C2| O | O |C2| O 451 972
Model C3| O | O |C3| O 463 992
Model C4/ O | O |C4| O 467 1001
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ABSTRACT

To measure engine vibrations, an additional accelerometer must be installed. However, selecting

the measurement position is difficult to and requires additional cost. In contrast, the knock sensor is

a sensor that detects the knocking of the engine. It has a piezo resistor, which is inserted in the

knock sensor, that can turn these vibrations into voltage. In this study, we measured engine vi-

brations by using the knock sensor. The acceleration sensor and the knock sensor were simulta-

neously mounted and used to measure the engine vibrations. The measured signals were compared

via signal processing to investigate whether the knock sensor can be a possible alternative to the ac-

celerometer for engine vibration measurement.
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. Table 1 Explanation to the engine of experiment
Engine type I-DOHC
Firing sequence 1-3-4-2
€D /00— = Compression ratio 10:1
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Fig. 1 Measurement knock senser for using cilloscope Stroke(mm) 83.5
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Table 2 For signal processing was converted to TXT

Knock senser Accele meter

1 0.237 266 0.056 295 155

2 0.198 203 0.039 284 429

3 0.159 141 0.025 325 858

4 0.086 796 9 0.007 533 702

5 0.014453 1 0.000 208 892
5000 0.010 109 4 0.000 102 2

Table 3 Result of analysis in signal processing

Crest Peak
RMS factor to peak
Accele 0.0063 4.6349 0.0584
meter
Knock 0.0064 1.125 0.0144
senser
Conz;t)ency 98.43 % 24.27 % 24.65 %
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ABSTRACT

We introduce a strongly coupled model reduction method recently developed for well-known vi-
bro-acoustic interaction, which is a standard (u,p) formulation. The key principle of the scheme is a se-
quential reduction process from the structure to fluid domains. The sequential projection allows for a strong
connection between two different physical domains, unlike conventional schemes that reduce two domains at
once, and then better accuracy of the resulting reduced model can be expected. In this study, we compared
the performance of the strongly coupled method of the (u,p) formulation to the conventional uncoupled
and weakly coupled methods. We herein considered frequency domain analysis and transient analysis. In

addition, we investigated the symmetric (u,p,p) formulation and its condensation techniques.
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ABSTRACT

As the number of old apartments increases,

a method that reduces heavy weight floor impact

sound during remodeling or repair work needs to be developed. Generally, apartment ceilings are

constructed using gypsum boards with an air layer approximately 170 mm to 200 mm from the bot-

tom slab. This air layer causes amplification of heavy impact sound in the 63 Hz~ 125 Hz frequency

band. In this study, to reduce amplification of sound, a ceiling structure composed of sound-absorb-

ing material and perforated gypsum boards is used. For optimal design, the sound-absorbing perform-

ance of ceiling constructs are tested. Moreover, the selected ceiling structure is constructed for a lab-

oratory similar to an apartment house to verify heavy-weight impact sound insulation performance.
The experimental results show that sound was reduced by 2.6 dB at 63 Hz and by 0.7 dB at 125 Hz.
For a rubber ball, it was reduced by 1.8 dB at 63 Hz and by 1.6 dB at 125 Hz. Single number quan-
tity(LiFmax,aw) 1s reduced bang machine by 1 dB and rubber ball by 2 dB
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Table 1 Ceiling structure for sound absorption coefficient

Hole Pitch Perforated | Sound
No. diameter i) rate absorption
(mm) (%) material
1 2.5 30 0.5 o
2 5 15 8.7 o
3
5 30 22
4 o
5 5 45 1.0 o
6
5/10 30 10.9
7 o
8
9 10 30 8.7 S
10 10 45 3.9 o
1 15 45 8.7
12 ’ o
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Table 2 Single number quantities
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ABSTRACT

The rotor interaction phenomenon occurs frequently in unmanned aerial vehicles (UAVs) with mul-
ti-rotor configuration. In this study, we investigated the rotor interaction effects of a small-size quad-
copter UAV on the aerodynamic performance and acoustic characteristics. The numerical simulation
of DJI Phantom 2 model in the hover flight condition was conducted using the nonlinear vortex lat-
tice method (NVLM) with the vortex particle method (VPM) and acoustic analogy based on the
Farassat-1A formula. NVLM can consider the nonlinear aerodynamic characteristics that are mainly
associated with viscous and low Reynolds number effects by incorporating airfoil look-up table and
vortex strength correction. VPM is well suitable for simulating complex wake structures of quadcopter
UAV because maintaining the connectivity between adjacent vortex particles is not required. Calculations
for an isolated rotor were compared against measurements to validate the predicted results, including
thrust force and tonal noise at 1st blade passing frequency (BPF). The calculations for a quadcopter
configuration show that the average thrust coefficient decreases and thrust coefficient begins to fluc-
tuate dramatically due to severe rotor interaction. In addition, the sound pressure level of the quad-
copter is much higher than that of the isolated rotor and a significant difference in noise directivity
between the quadcopter and isolated rotor is clearly captured. It is observed that unsteady loading in-
troduced by rotor interaction leads to a considerable increase in noise. This study is a preliminary
study to the aeroacoustic problem in multicopter UAV. The discussion in this work gives scope for
further research on noise reductions of multicopter UAV by controlling a separation distance between

the rotors.
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S 5742 NASA Langley Research Center®l|A] 4

Table 1 Description of DJI Phantom 2 model

Properties Values
Propeller DIJI 9443
Number of rotors, M 4
Number of blades, N 2
Diagonal length, L 0.35m
Rotor diameter, D 0.24m
Separation distance, d 0.048 m, 0.24 m

Table 2 Flow conditions

Properties Values

Hover
4800 r/min ~ 6000 r/min
50 000 ~ 63 000
0.177 ~0.221

Flight condition

Rotating speed, Q

Reynolds number, Re.

Tip mach number, M,,

——=— DJI9443 propeller

025 F %%\ﬁ
0.2
€ ol /

02 04 06 08
R

(a) Chord distribution

25

——F—— DJI9443 propeller

20

c/R

. L
02 04 06 0.8
R

(b) Twist angle distribution
Fig. 2 Planform geometry of DJI 9443 propeller
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Fig. 3 Comparison of thrust coefficients of isolated rotor
depending on rotating speeds
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Fig. 8 Noise directivity of quadcopter with separation
distance of 1.0 D
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ABSTRACT

Damped shear structures are widely used in industrial plant construction and building design but

are often excited during ground vibrations. The study of vibration response of these structures is im-

portant for both accurate product production and building design. Traditionally, finite element meth-

ods such as ANSYS have been used as the main method for calculating the response of these

structures. However, when interpreting shear structures, this method is not as efficient because the

matrix is larger than the transfer matrix. In this study, we developed an extended transfer matrix

method to analyze damping shear structures. The transfer function and the ground vibration are used

to obtain the response of the shear damping structure. Using the Taguchi method, optimum design

parameters were found to minimize the response of the structure caused by ground vibrations.
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Table 1 Natural frequencies of four story shear damping

building
Natural frequency (Hz)
Mode Expanded TMM Moda} Remark
analysis
¢=0 | ¢=0.05| ¢=0 | (=0.05

Ist 1.939 1.938 1.938 1.938
2nd 4.563 4.556 | 4.556 | 4.556
3rd 6.771 6.767 6.767 | 6.767
4th 7.461 7.425 7.425 7.425
10°

0 2 4 B 8 10
Frequence (Hz)

(a) Hoi(w)
10° : :
10° \/v\
10°

0 2 4 6 8 10
Frequence (Hz)
(b) Hox(w)

107 f

10™ : : .
0 2 4 6 8 10

Frequence [(Hz)

(¢) Hos(w)

0 2 4 B 8 10
Freguence (Hz)
(d) Hos(w)

Fig. 3 Transfer function of the four stories shear damping
structure
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Table 2 Control factors and level

Control Level

factor 1 2 3
ky 2880 kN/m 3200 kN/m -
k> 2160 kN/m 2400 kN/m 2640 kN/m
ks 1440 kN/m 1600 kN/m 1760 kN/m
ka 720 kN/m 800 kN/m 880 kN/m
G 0.04 0.05 0.06
& 0.04 0.05 0.06
G 0.04 0.05 0.06
@ 0.04 0.05 0.06

Table3 Lz (2'x37) orthogonal array

Exp. Control factor
no. k, k, K, k, G @ G @
1 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 2
3 1 1 3 3 3 3 3 3
4 1 2 1 1 2 2 3 3
5 1 2 2 2 3 3 1 1
6 1 2 3 3 1 1 2 2
7 1 3 1 2 1 3 2 3
8 1 3 2 3 2 1 3 1
9 1 3 3 1 3 2 1 2
10 2 1 1 3 3 2 2 1
11 2 1 2 1 1 3 3 2
12 2 1 3 2 2 1 1 3
13 2 2 1 2 3 1 3 2
14 2 2 2 3 1 2 1 3
15 2 2 3 1 2 3 2 1
16 2 3 1 3 2 3 1 2
17 2 3 2 1 3 1 2 3
18 2 3 3 2 1 2 3 1
AnwEEE AoIA) 8710 3 G5=0] =& Table 3

I o] 2849 3849 £ Ly ARESIGITH

Table3°ﬂ 9= 87H Nﬁhﬂhﬂl_o_ /dxﬂ x]u}{]%O
W= TR AT RE 9 4350 ek A HYo) 4
ato] Fig. 5ol YeRAITh o714+ diz o= A3
T 1,59, 13, 18 tha] HeERHATH

Fig. 59 AgW o] ogt &5 W9 g5 RMS=Z
Akste] Table 46 YERIl o o= HEWE 1
oA 11.880 pmo|iL HAE AFHI 3904 9308 um
ol At

o I

'g 40
3 N N
£ 20 Vo L,
5 AL
g ann
5
°
)
Q40"
0 2 4 6 8
Time(sec)
(a) Experiment no. 1
E 407
2
g 20 N,
@ \ / i
£ J [
g | |
o
o
2
0o 40"
0 2 4 6 8
Time(sec)
(b) Experiment no. 5
'E 40-
3
=
c
o
£
]
3]
T
o
2
0-40"
0 2 4 6 8
Time(sec)
(c) Experiment no. 9
E 40(
3
E 20 I |
S N A
&
o
I
o
2
0o 40!
0 2 4 6 8
Time(sec)
(d) Experiment no. 13
E 407
3
=
c
o
£
]
3]
o
o
2
a-40-
0 2 4 6 8

Time(sec)
(e) Experiment no. 18

Fig.5 Displacement of 4th floor of damped shear
structure subjected to ground vibration
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the experiment number

B RMS (um) | P RMS (sm)
1 11.880 10 9.882
2 10.367 11 10.153
3 9.308 12 10.888
4 10.191 13 10.057
5 9.782 14 11.101
6 10.999 15 10.183
7 10.510 16 1.0462
8 10.354 17 10.301
9 10.207 18 10.124
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Table 5 Comparison of initial and optimum design vibration
displacements by ground vibration

No. of ___Seln) Ratio (%)
Initial Optimum
1 3.740 3.646 2.51
2 6.385 6.160 3.52
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ABSTRACT

Linear quadratic Gaussian/loop transfer recovery (LQG/LTR) is a robust control design method in

the frequency domain. However, the method does not consider time-domain design specifications such

as overshoots or vibrations. This paper proposes pole placement/loop transfer recovery (PY/LTR) to

satisfy the time-domain design specifications that include frequency domain design specifications. The

time-domain design specifications are met by the design of the target loop function, whereas the fre-

quency domain constraints are satisfied via loop transfer recovery. In the presence of model un-

certainty, robustness is also proved; therefore, it is confirmed that this method is valid and effective

in real-world applications.
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ABSTRACT

In this study, the objective and subjective sound quality of refrigerant-induced noise from air con-

ditioner indoor units are conducted, particularly on the noise of two-phase flow, which is the main

refrigerant-induced noise in air conditioner indoor units. To this end, Zwicker’s parameters were de-

termined for an objective evaluation of two-phase flow noise via signal processing. In addition, vir-

tual sound sources were produced such as the amplification of noise level, frequency shift, and in-

crease/decrease in playback time. Sound quality evaluation was performed on the virtual sound sour-

ces, and a multiple regression equation was established using the objective evaluation parameters.

Finally, a sound quality index with more than 90 % reliability is established through statistical proc-

essing and objective and subjective sound quality assessment of virtual sound.
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24bark
/ N (2)g(2)zdz
Sharpness G= 0 acum
(acum) ( N ) sone
n—2 11
sone X 20
Rough —
QUS| () = 00003 0 (2) AL(:) Az
Fluctuation 0.032-AL(z)-A
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Fig.3 Applying a BPF to noise
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Table 2 Virtual noises

Source Explanation
1 Reference sound
2 Overall level —12 dB
3 Overall level -9 dB
4 Overall level -6 dB
5 Overall level -3 dB
6 Overall level +3 dB
7 Overall level +6 dB
8 Overall level +9 dB
9 Overall level +12 dB
10 Freq. x 0.8
11 Freq. x 0.9
12 Freq. x 1.1
13 Freq. x 1.2
14 Time x 0.25
15 Time x 0.50
16 Time x 2.00
17 Time % 4.00
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Table 3 Objective evaluation of virtual noises

Source Explanation Loudness Fluctuation | Roughness Sharpness Tonality

1 Reference sound 1.320 0.0094 0.1340 1.480 0.0633

2 Overall level —12 dB 0.3840 0.0079 0.0000 1.740 0.0351

3 Overall level -9 dB 0.6110 0.0083 0.0001 1.690 0.0447

4 Overall level -6 dB 0.8760 0.0091 0.0067 1.620 0.0543

5 Overall level -3 dB 1.170 0.0951 0.0561 1.540 0.0599

6 Overall level +3 dB 1.480 0.00965 0.2180 1.430 0.0662

7 Overall level +6 dB 1.910 0.0104 0.3990 1.390 0.0661

8 Overall level +9 dB 2.460 0.0112 0.6470 1.390 0.0651

9 Overall level +12 dB 3.130 0.0123 0.8370 1.410 0.0634

10 Freq. x 0.8 1.290 0.00952 0.1090 1.500 0.0568

11 Freq. x 0.9 1.30 0.0105 0.1300 1.470 0.0574

12 Freq. x 1.1 1.340 0.00987 0.1530 1.460 0.0558

13 Freq. x 1.2 1.320 0.00913 0.1440 1.460 0.0589

14 Time x 0.25 1.280 0.0132 0.1390 1.290 0.0521

15 Time x 0.50 1.410 0.0099 0.1860 1.390 0.0551

16 Time x 2.00 1.430 0.00848 0.1830 1.430 0.066

17 Time x 4.00 1.440 0.0109 0.1970 1.390 0.0597
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ABSTRACT

Magnetic-rheological elastomer is a smart material that can change its shear modulus. This study

suggested magneto-rheological elastomer

(MRE)-based dynamic

vibration absorber (DVA). The

MRE-based DVA can change its stiffness instantly by controlling the magnetic field. To control the

magnetic field, a magnetic flux generator was designed using electromagnetic finite element method

analysis and the response surface method. Moreover, the shear modulus of MREs was evaluated by
being applied to DVA, and the mass of the MRE-based DVA was calculated. Finally, a variable dy-

namic vibration absorber was manufactured to reduce the vibration according to changes in the mag-

netic field. The variable performance of the MRE-based DVA was conducted using current control.
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Table 1 Electromagnet FEM simulation results

x1 (cm) X (cm) x3 (cm) B (mTesla)
1.8 6.2 6.9 687.79
2.0 6.2 6.9 748.95
1.8 9.4 6.9 620.96
2.0 9.4 6.9 673.23
1.8 7.8 6.8 661.85
2.0 7.8 6.8 685.19
1.8 7.8 7.0 653.11
2.0 7.8 7.0 659.88
1.9 6.2 6.8 714.09
1.9 9.4 6.8 657.61
1.9 6.2 7.0 716.36
1.9 9.4 7.0 649.32
1.9 7.8 6.9 699.95
1.9 7.8 6.9 706.95
1.9 7.8 6.9 692.95
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