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Development of High Performance Inter-Car Oil Damper
with Pressured N, Gas for Railway Vehicle

Kei SAKANOUE*®, Kouichirou NAMBA,
Takayuki OGAWA and Katsuya TANIFUJI

*> Technology Research and Development Department. Central Japan Railway Company,
1545-33 Ohyama, Komaki-shi, Aichi, 485-0801 Japan

This paper deals with a development of inter-car oil damper used in longitudinal direction
between railway vehicles. Loading tests and field-tests as well as theoretical analysis are conducted
to understand the characteristics of conventional damper working in practical displacement. Based
on the test results, an oil damper with pressured N, gas is developed and the damping performance
is examined in the numerical simulation. The trial dampers are equipped on Series 700 Shinkansen
vehicles for running tests. It is shown that pressured N, gas in a longitudinal damper maintains high
bulk module of oil, as a result, higher kinetic energy can be absorbed and riding comfort is improved

especially in tunnel sections.
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Fig2 Displacement of longitudinal inter-car damper
(Comparison between measurement and conversion)

FLEBEROETRRIZBNT, B _FohmEsE
AR RIEEA TH Y, Ly, #igFor
A MBRAERIETDLED OAS THS. LT,
BRRETIMEREE D> & BKRR% & SO YR b BAL
EHEHT B 5L, SROETRRICBT A5
BB bDEEZ B,

22 HERE 3 20kmh ThURABL
V) K ZET LI EDF DR N B
Y. bbb 12- 135ER, 13- 14 8EY, 14-15
THEDHETHD. ZOFBRND, b RAVETHRO
PR R EMITEY TS mmBREECh B = &b
5. TRRFUONRDLR bu—7 565mm (23 LT
009 % & FEHIT/NE L, MOIMEMER ERF L OE
FIREE LT X R K E < BBE RIET 2
LR TE D,

X 3®) DHHY XEOWIL, PuEAEIZEZ-T
MEShREER L TWS., Zhicstl, @ @k
YARNVEETIR, LY EVRBEER S EB L TRY,
[FAR/2TAAR DB H3 % R TR b 5.

No.12-13 car
E No.13-1:4 car
g
g
Q
2
g
()]
Time [s]
(@) Tunnel section
No.12-13 car
5
§
2
a
=)

Time [s]
(b) Open section
Fig3 Displacement of longjtudinal inter-car damper
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Fig4 Power spectral density of lateral acceleration
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Fig5 Inter-car oil damper with pressured N, gas.
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Fig6  Effect of gas pressure on damping ratio by loading test

0.8

0.6

0.4}

Ceq”” Co

o2} f

K, 7Kg
Fig 7 Effect of bulk modutlus on equivalent damping coefficient
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Fig8. Analytical model of coupled vehicles
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Table.]1  Specification parameter of simulation model
[kg] [m] [kN/m] [kN/m/s]
M, 27E+04| hy 043| k,, 65E+3/box| co 9.8E+02
M, 32E+03| h, 062 k,, 13E+4/box| ¢, 3.9E+01
M, 1.8E+03) h, 028 k, 12E+3/box| ¢, 2.8E+0I
[m] hy 06| k; 64E+02 [ c, S5.8E+01
Iy 1.8 hy 017 ks -1.2E+01 ¢, 2.0E+03
I, 6.7 hs 071k, " 98E+01 |, 49E+01
In 06 A, 19 [k, 20E+02
I, 1.0 dy 075) kg  6.9E+03
lyey TAE03) by 1.0 | ko 2.3E+04
2L, 18E+01| by 13 | ky, 4.9E+04
2L, 2.5 b, 13
y :displacement of air-suspention ko, V. lyl<10mm
ko, lyl12 10mm
backlash of lateral inter-car damper  :0.5mm
backlash Ofl'_v.v :0.lmm

For [N?/Hz]

M, [(Nm)*/Hz]

2 3 4
Frequency[Hz]

Fig9 Aerodynamic force in tunnel (= 270km/h)
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Fig10 Model of acrodynamic effect acting on train set
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Fig11 Track imegularity PSD ( alignment)

20 . H
@c=c0x1
- : : ‘
i ; Mc=c0x2
10 :
—_ Ac=c0x3
g 05 K : :
« ; :
S 00 o ;
< :
-05 é ;
‘o ¢=980kN/(m/s)
“ | k,¢=23MN/m
-15 - -
02 04 06 08 10 12 14 16
Kk,
(@) Open section
20 5 : -
15 L N H
IO I, :. A
B oosfoio
5 00—
<
-05 i ¢
¢0=980kN/(m/s)
10 0=23MN/m
_15 H v
02 04 06 08 10 1.2 14 1.6
k/ k.o
(b) Tunnel section

Figl2 FEffect of serial rigidity of damper on riding
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