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A Study on Improvement Methods of Vertical Oscillation for Railway Vehicles
Koichi SASAKI, East Japan Railway  Nishin-cho 2-0 Kita-ku Saitama-shi, SAITAMA 331-8513
Yoshihiro SUDA, University of Tokyo

Riding comfort is an important element which determines goods worth of a traffic systems, such as
for not only a high speed train but also a commuter train, a express train, a new transportation system, a bus,
and a automobile. In this paper the results that performed fundamental examination about the vertical
oscillation as the improvement technique of a riding comfort are described, especially for a high speed train
as an example. In order to prevent 1* order body bending oscillation, which can expect the effect of the
improvement enough as a numerical value of comfort evaluation, avoiding the resonance of the secondary
body vertical vibration and body bending motion with suitable arrangement of bogie suspension is required.
The improvement by rationalization of a bogie suspension was proposed, and the effect was shown.
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Fig.1  P.S.D. of Vertical Car-Body Acceleration,
Measured on TGV- Mediterranean in Jul. 01
(max. speed 300km/h)
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Fig.2  P.S.D. of Vertical Car-Body Acceleration,
Measured on ICE-3 (coach) in Jul. 01
(max. speed 250km/h)
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Fig.3 Calculated Results of Vertical Oscillation Comfort Level
Lt [dB] on 2DOF Spring-Mass Model
Left : on a Present Shinkansen train of JR-EAST
Right : on a Proposal of the Improved Specification
(¥ :Present Condition @ :Improved State)

Frequency [Hz]
Fig.4 Frequency Response Calculation Results
for Vertical Oscillation of a 2DOF Spring-Mass Model
org : Original, Present Specification
opt : Proposal of the Improved Specification
—dmp : Under Dumping { ,+ 2

+dmp : Over Dumping ¢ , X 2
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Fig.5  Frequency Response Calculation Results for a Bogie
Longitudinal Oscillation of a 2DOF Spring-Mass Model
Upper : Present, Lower:Improved
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Fig.6 Calculated Results of a Vertical Oscillation PSD by
Full-Vehicle System Model (13+2 DOF), taking into
consideration of 1* to 3 Body Bending Oscillation
and Bogie Longitudinal Motion , on Present Specification
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Table 1
Present Improved

Vertical Oscillation

vi/2n 116 084 [Hz)
v 1= 2ko/bM
v /2 6.61 513 [Hz]
V22 =2(2ks+ko) /tM
B 5.01 - bM/tM
¢ 0.27 018
& 12=0,"/(2k,bM)
{2 0.55 0.40
& 2"=(2c14c2) /(2(2ky+ka) tM)
Bogie Longitudinal Motion
v/2n 70 9.2 [Hz]
V17 = 2k (WM (1 + (wisro) %)) ;
Vo227 240 400 [Hz]
V 27 = (ki dkyy) /tM
B s -
B =2 (wM (14 (wifro) %)) /tM
Full Vehicle Caluculation Model
zb1 [4B] 838 785  -53
zb2 [dB] 847 804  -43
zbe (48] 845 784 -6
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Fig.7 PSD of Vertical Oscillation of Car-body
Upper : Calculated Results of Improved Specification
Lower : Measured PSD on Present Shinkansen train of
JR-EAST

zbl : on front bogie, zb2 : on rear bogie, zbc : body center
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