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Fig. 1 Locomotive dynamics model
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Fig.7 Simplified FSD model

mi, = Cp % + (xl - xo) “k
Chreg®1 = (%9 —2,) * k

m Cfrcq

2.2 30°
L delay
FSD 1:
1 FSD
Table 1  Equivalent model parameter of FSD damper

Parameter Value

Equivalent damping ( low frequency) ¢, /( 200kN * s/m) 200
Equivalent damping ( low frequency) ¢;,,/( 200kN * s/m) 800

Equivalent mass m/( kg) 15

Equivalent stiffness £/( kN/mm) 5

Cut-off frequency of frequency valve f, /( Hz) 2
Switching delay of frequency Valve £, /( s) 0.2

('b) Hysteretic curves under different frequency
and constant velocity excitation

(c¢) 1Hz
(¢) Hysteretic curves under variable displacement
amplitudes excitation and frequency of 1 Hz

(d) 4Hz
(d) Hysteretic curves under variable displacement
amplitudes excitation and frequency of 4 Hz
8 FSD
Fig. 8 Characteristic curve of FSD damper
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(a) Spectrum of bogie frame lateral acceleration
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Fig.9 Simpack-Simulink co-simulation model
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('b) Spectrum of bogie frame yaw angle acceleration
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Fig. 11 Spectrum diagram of lateral displacement acceleration
and yaw angle acceleration of bogie frame
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(‘a) Spectrum of car body lateral acceleration
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(a) Damper at right front position of car body
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('b) Damper at left rear position of car body
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Fig. 12 Spectrum of damper force of yaw damper

FSD

12 .FSD
(2Hz)
FSD

(2) FSD

FSD

FSD

40%

37.5%

. 2014(1): 16 ~
20 ( Huang C H Liang SL Song C'Y et al. Study on in—
fluence factors of lowHrequency carbody swaying for high—
speed vehicles. Electric Drive for Locomotives 2014( 1) :
16 ~20( in Chinese) )
. SSTE
2004(6) :45 ~48 51( Wang K
Y Meng H. Theoretical analysis on transverse shakiness

of SSTE electric locomotive. Electric Drive for Locomo—

tives 2004(6) : 45 ~48 51(in Chinese))

. 2019 41(10):47 ~52
( Chen D L. Shen G Zong C C. Analysis of lowHrequency
lateral swaying of metro vehicle based on mode tracing.
Journal of the China Railway Society 2019 41( 10): 47
~52( in Chinese) )

. 2020 40
(3):1~6 22 (Zhang Z C Li G Du R T et al. Re-
search on transverse vibration problem for the power car of

power concentrated EMU. Railway Locomotive & Car
2020 40(3): 1 ~6 22(in Chinese))

. : 2011 ( Wang
X Z. Design and research of lateral semi-active damper
for high-speed train Master Thesis . Chengdu: South—
west Jiaotong University 2011( in Chinese) )
Wang D Wang T. Principle design and modeling of an
integrated relative displacement self-sensing magnetorheo—
logical damper based on electromagnetic induction. Smart
Materials and Structures 2009 18:95025
Gordaninejad F Wang X Hitchcock G et al. Modular
high-force seismic magnetotheological fluid damper.
Journal of Structural Engineering 2010 136: 135 ~ 143
Hiemenz G Hu W Wereley N. Semi-active magneto—
rheological helicopter crew seat suspension for vibration i—

solation. Journal of Aircraft 2008 45:945 ~953

2020 33(4):772~783 (Jin TH LiuZ M Ren Z S et
al. Adaptability of variable stiffness and damping shock
absorber for semi-active suspension of high speed train.
Journal of Vibration Engineering 2019 33(4):772 ~
783( in Chinese) )



2 . 77

10 Achten PAJ Oever JPJvd Potma] etal. Horsepow— P. Frequency selectable damping valve and shock absorb—
er with brains: The design of the chiron free piston en— er including the same. China CN201680023764. X
gine. SAE Transactions 2000 109(2):34 ~50 2018-0547( in Chinese) )

11 . 14 . . 2013-0947 ( Piao W X. Frequen—

. 2011(2): 341 ~345 (Wu W cy unit valve. 2013-09-47( in Chinese) )

Jing C B Yuan S H. Operation characteristics of a fre— 15 .

quency valve for hydraulic free—piston engines. Journal of . 2006 27(2) :244 ~246( Wang Y Q Zhu

China Coal Society. 2011(2) : 341 ~345( in Chinese) ) J A Liu J L. Simulation on hydraulic resistance-capaci—
12 . tance filtration system. Coal Mine Machinery 2006 27

: CN201710130723.7 20170530 ( Yang Y (2): 244 ~246( in Chinese) )

H Liang H Zhang X et al. A Kind of passive double— 16 . . :

offset frequency variable damping shock absorber. China 2003( Yang G Z. Hydraulic damper for rolling stocks.

CN201710130723.7 2017-05-30( in Chinese) ) Beijing: China Railway Publishing House 2003( in Chi-
13 . nese) )

: CN201680023764. X 2018-0547 ( Decock

SIMULATION RESEARCH ON THE APPLICATION
OF FREQUENCY-SELECTIVE-DAMPER FOR

LOW FREQUENCY SWAYING OF LOCOMOTIVE’

Cheng Jun' Li Guang'  Yan Hongwei' Yao Yuan'' Chen Kang'  Wei Ling’
( 1. State Key Laboratory of Traction Power Southwest Jiaotong University Chengdu 610036 China)
( 2. ITT High Precision Manufactured Products( Wuxi) Company Limited Wuxi 214000 China)

Abstract In this paper aiming at the lateral lowHrequency swaying of a high-speed locomotive body a sup-
pression method is proposed to replace the traditional anti-hunting damper by a frequency-selective-damper
( FSD) . Firstly the dynamic model of the locomotive is established by Simpack and the characteristics of lateral
low—requency swaying of the car body are analyzed think distribution of the car body vibration. The analysis
shows that the lateral swaying frequency of the car body ranges from 1 to 2 being distinguished from other lateral
vibrations. Then the CFD model of frequency valve and the numerically simplified model of FSD are estab—
lished. Finally the results of lateral vibration of vehicles with traditional yaw damper and FSD are compared in
frequency domain. The results demonstrate that a FSD damper instead of traditional yaw damper can significantly
improve carbody hunting stability and reduce the amplitude of low frequency swaying of the locomotive due to the
lower damping coefficient in low-Hrequency condition. At the running speed of 160km/h the peak values around
the main frequency of lateral acceleration and yaw acceleration decrease by 42% and 37.5% respectively effec—

tively reducing the low-requency sway of the locomotive.

Key words frequency-selective damping low-requency swaying car body stability modal analysis

hunting motion
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