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Analysis of Catenary-Pantograph Motion by Green’s Function
Jinsoo Lim
Key Words : Pantograph (3t 22 =), Catenary(7}A1)
Abstract

A new and efficient method is presented to evaluate contact force and motion of an electric
railway simple catenary-pantograph system. Overhead lines are regarded as simple strings, and
hangers connected to the strings are replaced with concentrated forces acting on them. The
displacement of strings due to concentrated forces caused by hangers and pantograph is expressed
using Green’s function. A system of linear algebraic equations in terms of unknown forces is
derived based upon the compatibility requirement at the location of hangers and pantograph. This
procedure is more analytic in formulation compared to the existing methods such as finite
difference method or normal modes method, and it is expected to be more accurate. Present
method has additional advantage that it requires neither numerical differentiation nor system

eigenvalues.
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Table 1 Overhead-line parameters

Catenary wire span(/)

50 m

Number of catenary spans
per trolley span(M)

(=2}

Number of hangers per

catenary span(N) |10
Location of each hanger(x,)|2.5, 7.5, 12.5,...
42.5, 47.5m
Tension of catenary 9.81x10° N
Tension of trolley 9.81x10°N
Desity of catenary(p.) 0.697 kg/m
Density of trolley (o) 0.988 kg/m

Table 2 Pantograph parameters

Upper mass(m,) 6.5kg
Lower mass (m,) 8.5kg
Upper damping (c,) 120 Ns/m
Lower damping (cz) 30 Ns/m
Spring stiffness (k) 3.9x10°N/m
Push force (P) 54 N
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1444

0.020

0.010
A

D.OFO 20.00

0,010

N

8
18000 12000 140.00 16000 18000 200,00

E
3

s §

o
&3
280.00 22000 260.00 280.00 300.00

Pcnto distance (m)
Fig. 5 Gap between trolley and upper panto mass

200

400 o

290

400 S

e
n

300 00

Contoct force (N) —w
200

Il

.00
Panto. distanes. (m)

s

200.00 220.00 280,00

Fig. 6 Contact force

27t A Yol whe} o]o] g AFe) Hg o
A FUPA B45 A 43
4 Atk FEH 94 AAHdeze @
F712Te] o= 245-4 WpE-A )l W3
Ep 2.9)
g5

4 =
Ry

_|

0%
o
o

P>
e
ml
lo

>
2
CE Rt E oo ne

)
i

A ==, &
AAct, 3 AFE-
AFAANME 5L 3
ofste] Ak A
o uhsled, £z w
AL HEHL vlmz
HIEFRALR A
45.0%, A& A7l oh3

< 58.2N, A& FE3
skt

oE

o o flo
k3
Hr nk op

o
-
o N ox b
huj
T

r-{m .ﬂ ]
ol
ob
R

njo 1]
52

p

'
o
i3
2
o

re
s
na

i

e
2,

rkirsL

4
[
rin

L
H

#o
ofrt 2
= X o oo
. b
:‘; i
. 2
*
ol
ok
3 2
o i
£ L
r rlr = IIE. mlo r_,>,"_,
fﬂ
fm
N
2
12
™

2
e

ok

oy} n§x 3
%ol M=o
2 i =)
= aE] -1—-'IT‘;<]E
Aatel He s ge), wx|
Fotet FAet AEHZ AL Fo 2
| Ag] cisubgAlel 3144 ako] g
%}4. 7] 29 et 2E A4SL HYAe
2 FAH Yo £8EHEw FHAA o] =laA
A A4t AR AHYE Fo

2 dFelAe &E M, 2AFE ©9d BE
R A Ao ot P Ao
B4, 3 Ev 2 o4 AfE9 fErods
T olate] AEaHZ A9 FHMAE £ ub
Y H&o) shsdteh w9 28 g4 dEAQ
T B TEEEC AN ZAZ 43 94
Hode 58 7259 FH 2 54 4oz £
Ao YE §&3t= Aol sHEdch

of

o &
u

;O

ot |‘$‘-"

2
22
2

olr
o,
e -2 L

2
& & jo
ofN b Ay

:SL 13

e

of

rlo

)

o

o
)

)

&
o,
©
fo
2

oo
-!o
{n
%‘
&

2
o\n *
© o o

s
* 2o ol

o]

3]
e

o
=
3
ofN

=
=

¢

ZANE

o

(1) Scott, P.R. and Rothman, M., 1974, “Computer



o 34E o83 AM-gEadE AL $EH4

Evaluation of Overhead Equipment for Electri-
cal Railroad Traction,” IEEE Transactions on
Industry Applications, Vol. Al-10, No. 5, pp. 573
~580.

(2) Hobbs, A EW, 1977, “Accurate Prediction of
Overhead Line Behaviour,” Railway Gazette
International.

(3) Vinaryagalingam, T., 1983, “Computer Evalua-
tion of Controlled Pantographs for Current Col-
lection From Simple Catenary Overhead Equip-
ment at High Speed,” Journal of Dynamic Sys-
tems, Measurement, and Control, Vol. 105, pp.
287~294.

(4) A4, A4, 1991, “4 AY Catenary/
Pantograph Ale] &3 $-wol] st FA&4,”

1445

2 (1),

ot

A A s IdE EATGEHI =
pp. 127~130.

(5) Heyda, P.O. and Thackray, G.J., 1981, “Com-
puter Evaluation of Electrical Railway Catenary
Equipment by the Method of Normal Modes,”
IEEE Transactions on Industry Applications,
Vol. AI-17, No. 3, pp. 321~329.

(6) Levy, S., Bain, J. A. and Leclerc, E. J., 1968,
“Railway Overhead Contact Systems, Catenary-
Pantograph Dynamics for Power Collection at
High Speeds,” Journal of Engineering for Indus-
try, Vol. 20, pp. 692~700.

(7) Morse, P.H. and Feshbach, H., 1953, “Method
of Theoretical Physics,” Part I, McGraw-Hill,
New York, pp. 834~857.



