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Complex Dispersion Analysis of Vertical Bending Vibration Wave of
Periodic Ballasted Track Structure

Xu Wel

(China Reilway 25th Bureau Group Co., Ltd., Guangzhou 510600, China)

Abstract.The periodic characteristics of the track structure have filtering characteristics for the propagation of
vibration waves within the structure, and dispersion analysis is important for understanding the vibration trans-
mission characteristics of the track structure. Based on the virtual spring model and the energy functional varia-
tion principle, we propose a new method to calculate the complex dispersion of the periodic structure of the rail
based on the virtual spring model and the energy functional variation principle, which can consider the damping
factor and the material frequency variation effect. The accuracy of the method is verified by comparing with the
existing literature, and the method is used to analyze the influence law of fastener stiffness frequency variation
effect, fastener damping and ballast damping on the vibration wave complex dispersion characteristics of track
structure. The results show that the stiffness frequency variation effect and the fastener and ballast damping have
a large influence on the attenuation domain and the attenuation speed of the vibration, which must be considered
in the vibration transmission analysis of the track structure.

Key words: ballasted track structure; complex dispersion; band gap properties; damping; material frequency effect
Citation format:XU W. Complex dispersion analysis of vertical bending vibration wave of periodic ballasted
track structure[J]. Journal of East China Jiaotong University,2023,40(4 ) :40-47.

5 H 89 :2023-02-13
BB 7076 By 50 K T Ry a5 BT 5 9200 % 1 H (20212BCD42011)



55 4 1] TR 0P A 2 T A 2 1) i R 3 D A A0 AT 41

B A FVRLTE 12 fk ™ A2 (9 IR 3l BE AT BE XS #9245
¥y 35 WG 5 R 9 AR BB AT 2 A e A R A
M 7 T Y0 2 i B PR 2 i RS2 R DR, i 3l 4% o
— BRI 22 30 D) B TR A ) R — 1, PR
gy Je LA Il B9 JE SCAE 240 v A% 1 09, W 7 B 45
iy U 0y % 1 HL AR T I8 4540 A 4R S 4 ) B
R,

0T A R AR DAy e A ) ) 465 R R T I L ) KL
FREHEAT 09 RS AL R BB AE Rp AR X T PN AR AR 30
e 1 1% B AT IR AR R S Y TR L A R
I DAL kg 0 sl T TG 32 AR 45 4 R AL 4, AR e
BEUREPER XTI 2548 O AR A X T i LR
A 3 R PR B E 2R S B AT DA% B 1) £
JE AU S — A T BT R e 07 50 R R B
WL AR T AR/ TR R m AR BT M e
IR T ATF T U TE 45 R A A L LA R B 25 A 3R B
il ) 203 B 7 2,

WL A AR B H A SR KA AN TR, AT Ly D 52
B SIS O T I 4 R SR, SR A
AR PR SR figp JEL B 35 AT, R 68 7 ) S D ) A%
6 5 E I 3 T R R, S SR Y T YA AR
Z W UL SR 7 1 A AL 8 R R TH I R T
S A BRICIEY BB IED A SR AR 52 P Y L 1
SERA AR T AT 2 254 B S R R ) I U i
PERE , 003 2 ST A BE S BR I S0 O T i
SR SRR SR, AL T SR RLN  , ad 2
WO HR 4 A RE 05 L AR O JUY B T 4 A I8 010 R el ML
T AEEAT RS 3 200 23 B I S B, B A
Ry R FH A EL

S W HICR T8 3o 0 AR D R, XA A T R B K
SRS T7 2 rp R — ot ) SR A D, 2% S BUOR B
AL )RR A o AR PR DR PR HSR A E R, AW
P TS, SR A T AR X R D F R, S
AR 5 SR 7 AT A 18 k), S T I R T R
HIA BROGIEIAE | X877 1576 4% A AT #8 A B U
T (AT 45 F SR R 2300 Rk 9 e 1 R
W r AN A R, DR BE A 1 B SR At A2 TR, (R
S P T 157 B A — (DAL, T R OT I T
T A S A A 1) S BIOR A IR 12275 1 B AT
(ETE ZH T2 B0 I 2 S ORI W S B2 e 5 A7 B
JLYE B R ARG 0 U I, ECRH 508 M
TR IR, XA T RSB S S E

WA, NI B i — P A RS IR Ak
AR I AR AT 1%

RE 18 3% ] LUK SR fol 20 J7 e IR A6 O X iz
PR L 1R 4 SR A, RE A 7 AL AR 5 PR A 35 (AL
e 25 1A B Hak 1 7 4 A A6 R BSOS X E A, ELHCA
B pRBR S A RO, AR RO S R R
e AN AT B A PR a5 A R DL
AU IR G5 K T ) 45 S B2 A B R e A
JE DL 3L ) S S B | A5 S R T A A AR T SR
G SR S RE PR R S AE R Y R 5 G
Wiy es, A n] LA I 25 RE AR SR A A5 21 ST
ARSCR S T RER L 455 R UL R AR 4R i —
BT SRS R SR A 705 o R T5 1 % J 303 1
AT HE B LT 45 4 T 1 iR 3 25 i 9 B9 52 0 BIRH e
RS RS AT 73T

1 BERitH

FRAE SCHR[13], 33 5| A K 0L 3 35 A% 70 fe A5 41
SR TR S A HRAE R AR T RGP Ry
PESRE , FRAE B I B0 1Y R A1 50 S I R R N
B W BT B T TE R U D B AR
T R 0L 0 IR B, e R HA AT R, R
2, FEEAT AR SR AR e RIVAR B8 4 a2 AR A
RIS A4 R 01 50 S T S5 6 e A 2 e R TG ik L
T T, (45 52 SF- 1T P9 52 2% 1) Al 26 1 B o 91 3 O A
SRR B b Ay 2 T R SR A R AU AL IP) R, 6 DR UE T3
HERf P R TR R AT
1.1 FAHEHEFER R

A HERGE S5 R EA R 0 S
THE , Ay R B 2 R B 5] 5y 55 il sk L sk /)N 15
2% RS0 %22 Timoshenko 2% ok R fR#L .
PRI AR S 32 2 43 7 3 ) A1 ) 19 08 1 408 R, S i
55 36 HE Y982 1Rk SR B S M BRI O K R
Ge R o R B, I 1 R

L3 G548 A VR O ) xR 1) B A TR B A A
PR, AR SCAUHR — A 78 B H 1) S 285 49 1047 4317
e /N R R B SR e g T B £, T 2 i AH 4B
(14 JE) 109 B 70 22 [ 4 O L M T A L N A
FE R b — T R S5 T — BT i,
00 DA e 5 B 1 SR T Ak T
— AV E AR, AR R« N
B I ) 7 B S5 A R R N w,y, UL SRR



T

St

b

42 it

Jo

R 2023 4

E1 AHEHEEGYEEDR
Fig.1 Physical model of ballast track structure
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Fig.2 Calculation model of ballast track structure
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Tab.l Material parameters of double—layer ballasted track structure model

Parameter Value Parameter Value
Rail density p,, 7 850 kg/m’ Rail cross—sectional area A, 77.45 cm?
Rail quality m, 160/kg Fastener spacing [ 0.6 m
Vertical stiffness of fasteners k; 75 kN/mm Elastic modulus of track slab E, 36 GPa
Ballast vertical stiffness k. 140 kN/mm Rail shear coefficient k,, 0.4
Rail moment of inertia I, 3217 em* Rail Poisson’s ratio p 0.3
Elastic modulus of rail E, 210 GPa
8
The 1% order The 1% order
The 2" order The 2™ order
= The 3" order 20 - The 3" order
E* E
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(a) Matrix dimension is variable
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(b) Virtual spring stiffness factor is variable
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Fig.3 convergence analysis of ballast track structure model
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Fig.4 Frequency dispersion curve of ballasted track
structure

HIE 3 AT UL 7E 0~2 500 Hz Y, = B Bt 1 1
153314 :0~130 Hz,181~262 Hz,1 080~1 127 Hz, 5
SCHR[S]H S5 AY 25 i il BR 45 SR W) 6 BE s, 45 B
FR T B S AR 4B LR AR X L AN 2, ik 1 AR ST
LR HERRE

R2 AHREEBETREEIL
Tab.2 Comparison of band gap range of ballasted track

model Hz
Order Results Reference range
The 1* order 0~130 0~129
The 2™ order 181.2~262 182~262
The 3" order 1 080~1 127 1 080~1 127
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Fig.5 Variation curve of spring stiffness versus frequency
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Fig.7 Ballast track structure dispersion curve with fastener damping
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Fig.9 Ballasted track dispersion curves considering damping and frequency change effects
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