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Effect of Hysteresis Damping on Vertical Vibration Band Gap
Characteristics of Periodic Track Structure
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Abstract:In order to explore the effect of hysteresis damping on the band gap of periodic track structure, the
ballasted track of was taken as an example, and the band gap characteristics were analyzed based on the energy
functional variational principle. By introducing hysteretic damping effect into rails, fasteners and track bed, the
variation of dispersion characteristics with damping of periodic ballasted track was studied. Furthermore, the vi-
bration transmission characteristics of the track structure under the effect of damping were explored. The results
show that the band gap range of the undamped track structure is consistent with the attenuation range of the vi-
bration response; the rail damping is very small and has little effect on the band gap of the track structure,
which can be ignored when calculating and predicting vibration; the damping of the fasteners slightly increases
the track structural band gap and has little effect on the overall band gap, but for the vibration response, the
dissipation effect of the fastener damping increases the vibration attenuation range within 150~500 Hz; the in-
crease of the ballast bed damping increases the first—order band gap range, but it decreases the second—order
bandgap range, in the vibration response, increasing the damping of the track bed can dampen the vibration of
the rail within 260 Hz.
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Tab.1 Ballasted track parameters at one characteristic period

Component Item Value Unit
Young’s modulus (Ey ) 2.1x10" Pa
Moment of inertia(/ly) 3.217x107 m*
Density (pg) 7850 kg/m*
Rail Section area(Ay) 77.45 cm?
Shear coefficient (ky) 0.4 —
Shear modulus (Gy) 8x10" Pa
Damping loss factor(ng) 0.01 —
Vertical stiffness (k) 75 kN/mm
Fastener
Damping loss factor(n) 0.25 —
Mass (mg) 320 kg
Rail sleeper i
The length of span(l,) 0.6 m
Vertical stiffness(ky,) 140 kN/mm
Track bed
Damping loss factor(7) 1.0 —
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Fig.1 Periodic ballasted track calculation model
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Fig.2 Dispersion curves for an periodic ballasted track without damp
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Tab.2 Band gap of periodic ballasted track based on
different methods
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Tab.3 Comparison of band gap of periodic ballasted
track with dampness

Energy method/  Finite element Transfer matrix

Band gap Hz method/Hz method®/Hz
First order 0~128.7 0~127.2 0~129
Second order  181.6~261.6 179.4~259 182~262

Third order 1 079.8~1 125.3 1 084.1~1 128.7 1 080~1 125
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Fig.3 Influence of rail damping loss factor on band gap frequency
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Fig.4 Influence of fastener damping loss factor on band gap frequency
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Tab.5 Comparison of band gap of different fastener damping loss factors

Damping loss factor of fastener First order Second order Third order
0 0~128.74 181.62~261.56 1 079.83~1 125.29

0.05 0~128.76+0.34i 181.63+1.36i~261.62+5.73i 1 079.83+0.00i~1 125.30+2.23i

0.1 0~128.82+0.67i 181.66+2.71i~261.80+411.46i 1 079.83+0.00i~1 125.30+4.45i

0.15 0~128.92+0.99i 181.7244.07i~262.09+417.17i 1 079.83+0.00i~1 125.32+6.68i

02 0~129.05+1.29i 181.80+5.42i~262.50+22.88i 1 079.83+0.00i~1 125.33+8.91i

0.25 0~129.21+1.57i 181.90+6.77i~263.02+428.56i 1 079.83+0.00i~1 125.35+11.13i
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Tab.6 Comparison of band gap of different track bed damping loss factors

Damping loss factor of track bed First order

Second order Third order

0 0~128.74
0.2 0~129.57+11.421
0.4 0~131.98+22.48i
0.6 0~135.73+32.93i
0.8 0~140.56+42.67i

1 0~146.25+51.70i

182.03+12.17i~261.42+2.82i

183.22+24.18i~260.98+5.62i

185.13+35.89i~260.24+8.37i

187.65+47.21i~259.18+11.071

190.68+58.07i~257.80+13.66i

181.62~261.56 1 079.83~1 125.29

1 079.83+0.00i~1 125.30+0.001
1 079.83+0.00i~1 125.30+0.00i
1 079.83+0.00i~1 125.30+0.001
1 079.83+0.00i~1 125.30+0.011

1 079.83+0.00i~1 125.30+0.01i

IE PR BHJE XA TEBLE RS 1 B S5 2 Bl BR
A UL, X5 3 B BRULP IO 3E KK
POAEDN 7 DA O S E) 1, 55 1 Biraly Bt 58 B 3 1
17.5 Hz, H B3 BHLJE (930, 5 5 38 T 4 i 2 o 7
SN, 5 2 v RS fR R R AL R A
Bt 58 BE U/ 12.8 Haz, s A b 3 PR BH 2 i BUE X A
1A HE B 1 R R AU B P R T 2 DR I A
B B PR e R N 7R T LB IE

2 fEEEES

Ji U3 23 K 0 R P SR AR T 3k B TG BR A ) 4%
R BET Z5h, 2R A A BRI 45 0 00 4% B 4
PR, R Bk — 2 B ST 5 A ) BRI AR
T AULES A A PR I 45 H4 19 4R B0 1% i e R X
B PR AT AR o SR 9 3IR B A% i e R R A A [ 3t
RIS A P A A5 H AL R BE ), R R



38 (=B NI N

R 2023 4

VALl i ) A D) R 5 R ]
FAE
21 iHHERE
2.1.1 PR

P Bl A% B R PR SRR R B S SO i R
fiff S e FEAAHBL, E S EE 51 A ST 8 (AR SO s AT
) I FLHG AL AN 1T, 2 A DB O &R OR f#
SR A PR B R, A BRAS SR 0 I S5 A A [ e SO
T EAE T IR SN E HRe T AR R LI 6, AN T
BTN, 2 st A B8 7 1 ot (R0 1 9B o ) 5 i)
o7 B v 55 78 (%) 2 oy (SR B e ) R i ) 5 [T 0 A0S i
BN F(O)F(w ,1)=Fye™ ; F, J i #R{E, ] 1 N;w
AR ) VR TR 1 R i B R A, T e
HmF,

it B4 A5 M) pR R L (B R

Loading position

F(w ,t)

Response position

period 1 period 2 e s e period n-1 period n

B 6 ARKEAHMERNEHFEITERR
Fig.6 Calculation model for vibration transmission
characteristics of finite period track

2.1.2 HpiES

T TR A 28 R T RE B R AR G i B OR iR A RE
U 25 R B PR SR R, A RE LT A R SR i T K
Mg,

1) WHLRETRIZ 0K,

BT 7 AR AL R A FR A S5 4, ok H ik
Fourier 25Uk 38 X 81 09 2% 37 R 4K

N,

ZB(xB)= z 2 )\j(xB)eimEeim)\ (xB)Hl
j==Ni

N, (9)
HB(xB)= 2 9_;' )\j(xB)eimEeim)\ (xB)Hz

j==N

AP (ap) 22 Ef’Ju@ﬂ}ugﬂ(ﬁﬁ_ag UAEAC I
f«’ﬁﬁ Fourier A, W (1) ;0 HUE H[0,1],0 A

GEMK R N, B sRECTUEGH, R H, R &R 5L
ﬁﬂﬁio

—AB DL ZE A TE S A 2R 1R R Bz
YR B, A B35 IR T B £ R A [ ,ﬁ‘ﬁ,ﬁ\ﬂlﬂ%

R LS B8 R R R B S O T 1) A AR 7 22 ke T
RGEA BRE R WTERT, iz shwlih KA,

DRLIKG 3L SRS A 80 47 % W LRI AR 07 22 BRIV 45 31 25
P AE 32 30 PR Sh AL RS MRS S Ak . FEA SO ik P, K
SRAF A AR R K 1) B B AT A B 44 AR B2 FS
N T IR S B o S, AR S A A

ZFE’J N 2K AR I 22 A AR B A AR R T =2 Y B
[A] 301 e
B (AKX (2) . :3), e8]z ksl
28114 I AR BE A1 B RE
Bl 6, EGods (11 dzy |
U=t jo(de de+ a jO(QB de)de
=;—HTMHH (10)
VB:mT JOPBABZBdeB+mT JOPBIBaﬂzde
=“’2—2H"MBH (11)
2) ke
Uy'= 22 2o [rm 2t (01 )y |20 | (12)

A IV A e B SR SR8, 7E AR SR V=50,
3) Buskshie,

N
Z m¢5 (13)
4) iBIRFRPEAEE
U Y b (14)
n=1
5) EHERIZ PR,
ARG RERIZ AN
- UB+UFI+UD_(VB_VS) (15)
NUA U+ Ut Up st Ues= (Vi V)
AN T3
W: J Foei“” ZB(xB_O)dt%@Mﬂ{Hﬂljﬁ
=Fy ‘Nay=0)H ,'=H"'"O=F (16)
SR % 2R
v=l1-w (17)

6) s R 1A
X AERIZ R W R AR BOR—
Bl R

B i 5, Al 59k

U



UE A AR BELJE T ] S0 I 45 A 2 1 IR S R 5 89

H""9=(K-w*M)"'F (18)
B XA AX () BN AT 13 BN R B — R B R w
8 5 A 33 F AR T 0l e Ak 57 I L (O30 M PRy
B0 A RO s B2 B
2 (23=0)=A (x3=0) - H;'
25" (xp=lo) =A (x5=Ly) - H," }
HE— 2 M, AT AR A AR TE 54 0 IR 3 6 B 1% 1

(19)

ZBIO(xB:lo) |
T (o0 )dB (20)

22 iRENEE RS

TR R 1 A9 A S RO UL 1, BN
B A0 EAE R 59 B AR N T 108 0, IR A B 46
R Z AR R BRA R BEAT XS EE, UL T RN 7,

rTZZOIOglo(

iy 500
= ok
£ -500 j J
E /
= '5-1 000
T =
£ °-1500
g
~% -2 000
S 22500 ' '
0 500 1 000 1 500
Excitation frequency/Hz
(a) Transmission rate
1.0

5 08} \

E

v 0.6

z

—= 04}

5]

E

< 02}

a1

0 1 1
0 500 1 000 1 500

Frequency/Hz
(b) Band gap
B7 BSAERPENRNIEEHESHEEIL
Fig.7 Comparison of vibration transmission rate and
band gap of periodic ballasted track
F7T HBREMGHERILE

Tab.7 Comparison of the results of transmission rate and

band gap
Band gap Transmission rate Band gap
First order 0~129 0~128.74
Second order 181~262 181.62~261.56
Third order 1 079~1 126 1 079.83~1 125.29
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Fig.8 Influence of rail loss factor on transmission rate
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