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Ride Comfort in a broad sense
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Vehicle Vibration
・6 degree of freedom of vehicle dynamics

Vertical  Z
Yawing ψ

Lateral
YPitchingθ

Longitudinal
X

Rolling φ

・Elastic vibration of car body in bending and twisting

Bending Twisting
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Bogie

・Forced vibration by centrifugal
forces at curved track

・Forced vibration by cross winds
・Forced vibration by  unsteady 
aerodynamic forces in tunnel 

・Forced vibration by track
irregularity

Track

Car body

・Self-excited vibration of the bogie   
(Hunting motion of the bogie)

・Vibration by wheel unbalance mass
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Vehicle Vibration
Factors of Vehicle Vibration
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Longitudinal  
level

AlignmentCross level Gauge

Track irregularity Sleeper

Rail

Vehicle Vibration
Forced vibration by track irregularity

Track irregularity causes vehicle vibration and deterioration of 
the ride comfort
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(a) for Horizontal vibration (b) for Vertical vibration
(Longitudinal and Lateral)
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Vibration frequency disliked by human body

Japanese RCL

ISO 2631-4, 2000

Japanese RCL

ISO 2631-4, 2000

Most  sensitive 0.5～2Hz

Japanese popular evaluation method : 
“Ride Comfort Level (RCL)” proposed in 1981  

Most  sensitive 4～8Hz
Frequency weighting curve
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How to measure Ride comfort
How to measure vibration

Yawing 
rate

Lateral

Vertical

Vertical

Vertical

Lateral

Longitudinal

The floor of car body

Top-view
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Acceleration sensor
(Strain gauge type)

Gyro sensor
(Optical fiber type)

To measure translational motion To measure rotating motion

How to measure Ride comfort
How to measure vibration

Gyro sensor
(MEMS type)
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(MEMS : Micro Electro Mechanical Systems)
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How to measure Ride comfort
How to measure vibration

Sensor Amplifier
Anti-aliasing

filter

Analog to 
Digital 

conversion
PC

Voltage[V]

Amplifying

signals

Conditioning

signals

Converting 

Analog voltage 

into Digital signal

Recording
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PC Filter

Amplifier

Display

How to measure Ride comfort
Measurement station
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・Evaluation values
・Graphs
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How to analyze Ride comfort
How to calculate
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How to analyze Ride comfort
Evaluation indexes

・Peaked acceleration

・Ride Comfort Level

・Motion Sickness Dose Value

・Constant lateral acceleration
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How to analyze Ride comfort
How to calc. Ride comfort level
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Measured acceleration data (raw data)

Applying “Frequency weighting curve (Lateral)”
(Digital filtering, like a band-pass filter)
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Very high and very low frequency acceleration were removed.

20

Frequency weighting
curve (Lateral)
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Raw acceleration data

Filtering with filter coefficient of the frequency weighting curve 

Extracted data with sensitive frequency

Calculating Power spectral density (PSD) (Frequency analysis)

PSD of the data

Integrating PSD values all frequency (0.5 - 80Hz)
Converting into logarithm indication 

Ride quality level [dB]

ref

w
T a

aL 10log20=

ref

T

a
L : Ride quality level (dB)

: 10-5 (m/s2)
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How to analyze Ride comfort
How to calc. Ride comfort level
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Vibration control
◆Semi-active suspension system

Changing damping coefficient of
lateral damper to optimum value
for restraint momentary vibration
by control

Semi-active Damper

Accelero
-meter

Controller

Signal of 
Lateral 

Acceleration

Command 
of Damping 

Force

Carbody

Bogie

JR Kyushu Series  800
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Vibration control
◆Active suspension system

Cancelling lateral vibration of carbody
by active controlled actuator

Actuator

Accelero
-meter

Controller

Signal of 
Lateral 

Acceleration

Command 
of Actuating 

Force

Carbody

BogieJR East Series  E5
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https://www.moog.co.jp/products/servoactuators/electric-actuators/application-case.html
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Vibration control
◆Passive tilting system
Setting car body center of gravity 
lower than tilting roll center 
for tilting by centrifugal forces

Max. tilting angle   5 degrees Center of 
gravity

Tilting roll center
Centrifugal 
force

Roller
Roller

JR West Series 381
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Vibration control
◆Controlled tilting system
Pneumatic actuator assist tilting 
motion to prevent delay and abrupt 
of tilting motion.

On-board tilting controller stores 
data about all curves on the train 
operating section.

Tilting roll center

Centrifugal 
force

Pneumatic actuator

Tilting 
command

JR Shikoku Series DC2000
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Vibration control
◆Car body tilting system

Expanding outside air spring
by injecting compressed air
at curve for reducing 
centrifugal forces

Maximum tilting angle
Shinkansen ： 1 deg
Meter-gauged ：2deg
(These were not determined
by regulation)

Tilting 
angle

Expanding 
only outside 

air springBogie

JR Central & West  Series  N700
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with Air springs
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ขอบคณุครบั
Thank you !
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