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Wave Porpagation Characteristics along a Catenary

with Arbitrary Boundary Conditions
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Abstract

Alz7)

The characteristics of wave propagation along a catenary in rail electrification system depend

on the boundary impedance, characteristic impedance of catenary, and the contact force of

pantograph moving along the catenary. In this study, the wave propagation along catenary is

studied with arbitrary boundary conditions and characteristic impedance of catenary. The

reflection and transmission of waves through the boundaries of catenary and the propagation of

waves along the catenary are found to be dependent on the wave length.
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Fig. 2 Modeling of catenary system
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mp=effective mass of pantograph
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kp,=spring constant of pantograph
P=force on catenary by pantograph
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Fig. 3 Modeling of pantograph system

YR ' e A S o2 SN e 31

ESx Br)® +T 2(Ax) (8a)

yu =2vhtyit vk =y _
me (At)z +c: Z(At) +kgy1’51—
2 V2= 2V T 2vE 1 —yh

+ESx (Ax)°
_ Y — Y

T 5 (A7) (8b)

714 Hezazy 1AfE ndzyE FA]5ke
LA o3l e L&A n 7}A I
o AN HagA Ha 46 PE AFE
ol ¥4 "o A 4 QR dE Fie
Z oz g2 ¢loh

a2 W2z} Fig 33 7o) xela 59
< wl A (5)9 EFuAA o T FH A A
ojof &t AZHHeo] A7bol| upet WA Hu
ol AfE AWB)HA ()& FAle]| Eofo} Frh, =t
o Al iz el glelvz)sl Fol Y AN
A3 e AFARE Alolo] WS A¥YHo=
Witttz s of A& 4 4 o

a=VEkAt—mAx
b= (m+1)Ax— VEA¢
mAx < VA< (m+1) Ax

AAE - =8
ol Vi ez AP FxE el
},

2798 ALde] WeE Fite A4S AA &
58 &= g7Aet sl iterationg o] &34
324 3te}. Iteration whiel s FAA 2
+ A gga 2

QA 7 (t=kx At e zalzel 7he1de

Aole] B Pr} 2gsim dokn dha), a2l
HO) o2y Aude 4 2ol e W0E
FE 4 glesd Aeazs Audsl 2ol 3l
e 714 Seld dRadne) W FE 4 9

o elgsd T AelaAze @AF Vielzt
A clshE WAL AN E olge % His) )
Yo Fm olm o ¥ gl ANF dekd A

A A%E P AEOF D FA w5
27 o) 2 £l FEAeld ¢ 4+ 3

o},
22y RS Pgtel Axlud aA Hew
Y3 Yigkel AAsA 9% Aoln o A9E ¥
ANE EFeel AFsE, AAZ Vel Yewch
3E ARAE AU 997} Be29 29 8

A2 o Aoge AE

ER *‘xlﬁ_v} e A Relxn w}aw P&
27 stejol ot HE Yio] R Z A$ol
€ FHEides deadzsl doiA Ye AHE
Hetle] ol AEHo| Axn A spAe] =
ke AEE W F U ojwle PEE E4
o &}, FA8) A% iteration=F 4 (6)F (1)<
Al w27l AEHol S5t He A4t
siedl FYHoR A7 A5He| 471 4
F Uer2 of Ate FEFHE 022 3n A
vzle defst dujaze] WAL Hrue T3
of #eh, AAE T o vt Helasze
" b dEladE A4 sheiviele A4
viuc of A deht F systemo] A2 ®HoiA
g+ AelE olu]3lA] ), olzEidoz AH HY
€ TAHoE FHWMEA dse HE A& F
A "t

4. 2 A}AE (simulation) AlE ZAD}

BAAYAE $A 7R bR Feel,
veloh AR ol% 35S w3 AAzAl 24
(fixed end)Q) 9ol et nF2Y¥e Ad 4%



dole] AAZAE ZE FHAY 5 E4el AT 1A

Table 1 Simulation data

W 4 data %t

Ax 0.125(m)

At 2000* (sec)

T 14400 (N)

P 8000 (kg/m*)

AL 0.96 (kg/m)

A 120 x107°(m?)

E 100 % 10° (Pa)

I 1.0x107°(m*)

174 50 (m/sec)

L 50 (m)

b 50 (N)

Mt 10(kg)

C 10 (N sec/m)

ke 10000 (N/m)

mp 0.2, 2, 20(kg)

Cp 1, 10, 100(N sec/m)

ko 200, 2000, 20000 (N/m)

S N (S

£

ooy —% ® m % %
Position of Pantograph (m)
——time=10.0 sec
--—-time=0.1 sec
--—-~time=0.,2 sec
-.-—--time =(.3 sec
------ time=0.4 sec
—&—time=0, 5 sec
Fig. 4 Motion of fixed end String:initial displace-

ment is sine function
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Fig. 12 Motion of fixed end stting : Fig. 14 Motion of simply supported end beam : m,=2
mp=2kg, c,=10Nsec/m k,=2,000 N/m, V kg, c,=10Nsec/m k,=2,000 N/m, V =50
=50 m/sec, ¢ =120 m/sec m/sec, ¢ =120 m/sce
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Fig. 13 Motion of impedance end string : mp=2kg, ¢, Fig. 15 Motion of impedance end beam : m,=2kg, ¢,
=10N sec/m k,=2,000 N/m, V=50m/sec, ¢ =10N sec/m k,=2,000 N/m, V=50m/sec, ¢
=120 m/sec =120 m/sce
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Fig. 16 Motion of impedance end beam:m,=0.2kg,
c=100N sec/m k,=2,000 N/m, V =50m/
sec, ¢=120 m/sec
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Fig. 17 Motion of impedace end beam : m,=2kg, cp=
100N sec/m k,=2,000 N/m, V=50m/sec, ¢
=120 m/sce
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Fig. 18 Motion of impedace end beam : m,=2kg, cp=
10N sec/m  /,=20,000 N/m, V=50m/sec, ¢

=120 m/sce
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