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A Fundamental Study on Analysis of Electromotive Force and
Updating of Vibration Power Generating Model on Subway
Through The Bayesian Regression and Correlation Analysis

Byung-Wan JON, Young-Seok Kiml, Yun-Sung Kim' and Yun-Gi Kim'

]Depar[men[ of Civil and Environmental Engineering, Hanyang Univ., Seoul, 133-791, Korea

Abstract

This study is to update of vibration power generating model and to analyze electromotive force on subway. Analysis of
electromotive force using power generation depending on classification of locations which are ballast bed and concrete bed. As the
section between Seocho and Bangbae in the line 2 subway was changed from ballast bed to concrete bed, it could be analyzed at
same condition, train, section. Induced electromotive force equation by Faraday’'s law was updated using Bayesian regression and
correlation analysis with calculate value and experiment value. Using the updated model, it could get 40mV per one power generation
in ballast bed, and it also could get 4mV per one power generation in concrete bed. If the updated model apply to subway or any
train, it will be more effective to get electric power. In addition to that, it will be good to reduce greenhouse gas and to build a green

traffic network
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Table 1 Classification by Characteristic of Energy Source
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environments

Unpredictable

magnetic Induction

Enerey Source Characteristics Amount of Energy Harvesting Conversion Amount of Energy
&y Available Technology Efficiency Harvested
Ambi
Solar mbient, U.ncontrollable, 100mW/cm? Solar Cells 15% 15mW/cm?
Predictable
Wind Ambient, U.ncontrollable, - Anemometer - 1200mWh/day
Predictable
. . Active human power, . .
Finger motion 19mW Piezoelectric 11% 2.1mW
Fully controllable
Footfalls Active human power, 67TW Piezoelectric 7.5% 5W
Fully controllable
Vibrations in indoor | Ambient, Uncontrollable, ~ Electro B 0.2mW/cm?
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Fig. 1 Concept of vibration power generating model
and installation
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Fig. 2 Equation of Force in Vibration Power Generating
Model
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Fig. 3 Vibration Power Generating Model

mu(t) +ecu(t) +ku(t) = P(t) (2)

A (D3 4 (25 B F4 Ase 8 o8 71d

2]
Y =& 48 4 (3)3 2o et al., 2010).
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Table 3 Frequency characteristics that occur in each
element of the train

Component Frequency (Hz) Acceleration (g)
Body 1 1~0.2
Axle Bogie 10~20(30~60) 1~3, 2~5
Wheel 40~60 2~15
. Rail
Railroad | o 0o 30~60 2~15
(Track)
Bed
Surface - -
Roadbed | gy | ted 30~170 0.2~1
Under - -
Ground 10m 15~20 0.03~0.05
20m 15~25 0.02~0.03

e, o Wea,
Fig. 5 Survey Acceleration Response of Ballast Bed

e(t) = nB(2mr)u(t) — nB(Zm“)%u(t) (3)
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Table 2 Physical Characteristics of Neodymium Magnet and Generating Model

Mass 0.75kg Curie Temperature 310~370C
Spring Constant 214.28N/m Maximum Operating Temperature 80~180T
Natural Frequency(Hz) 2.67Hz Resistivity 160uQ-cm
Damping Ratio 2.78% Hardness 560~580Hv
Natural Period 0.375Sec Destiny 7.4g/cm?
Height 0.2m temperature Coetticient of Br -0.12~-0.10%/TC
Generating Model Diameter 0.1m Temperature Coetticient of iHc -0.6%/C
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Fig. 6 Acceleration Response of Sleeper tie on
Ballast Bed
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Fig. 7 Acceleration Response of Sleeper tie on
Concrete Bed
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Fig. 8 Electromotive Force of Vibration Power Generator
Set on Sleeper tie of Ballast Bed
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Fig. 9 Electromotive Force of Vibration Power Generator
Set on Sleeper tie of Concrete Bed
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Table 4 Specification of train

Classification Line 2 Chopper Line 2. VVVF
asstiicatio Control Inverter Control
Electric Power DC 1,500 V DC 1,500V

Capacity c 1 148 (48 seat) | Tc : 148 (48 seat)
(People) M : 160 (54 seat) M : 160 (54 seat)
MC : 41.5t e . 33.0t
. M1 : 34.8t
Dead load 1:41.5¢ .
M2 ¢ 32,0t M2 : 41.8t
’ ' 10 cars : 343t
Performance criteria | Performance criteria
Loading : 20t/car : 20t/car
Condition Strength criteria Strength criteria
: 30t/car : 30t/car
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Table 5 Electromotive force analysis

Voltage RMS| Electric Power|Electric Energy
(mV) (W-sec) (MW-h)
Ballast Bed 40mV 0.8 10.36
Concrete Bed 4mV 0.08 1.036
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