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Simulation of the Dynamic Interactions
between Catenary and Pantograph
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Korea High Speed Rail Construction Authority

Abstracts ~ Catenary/pantograph system consists of overhead
lines which have non-uniform elasticity and pantographs
which move at high speed and give force to the lines,
therefore happen to be failed in contacts between both from
time to time.

In this study, as the first step to develop a dynamic
simulation program, the general theory is discussed for
catenary/pantograph system and appropriate modelling. And
comparison is conducted with the references after making a
program which referred to the contact force equation
algorithm. On this algorithm, the unknown contact force is
computed by the equations which was induced as combining
catenary and pantograph motion equations expressed in finite
difference form.

Another simulation program based on the assumed contact
forces algorithm was developed. In this algorithm, numerical
integraion of both the overhead line and pantograph equations,
which without combining, are effected for two assumed
values of contact force. The correct contact force is then
obtained from these two sets of results by linear interpolation
to satisfy the contact condition. Through the comparative
review on the outputs from this program, it is verified that
this algorithm is reliable.
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kp1 =0 <«—— plunger stiffness
-— 9000 N/m
K | 5 <+———  cross-piece
P <«— Stiffness of main
T__ SEPaT plunger:1200N/m
kp3
aerodynamic % stiffness of main
coefficient frame:6876 N/m

single-action damper
140Ns/m:downward
braking
S5Ns/m:upward residual
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Arze ZAYPZ Assembledtd Bandeds]| Symmetricg
A 728 B (Global Stiffness Matrix)& 7% 4 Atk

Catenary®l 232 A3 AFe2 mdysin glenz 5 3
FAteld Aelg 8% o AdHE Aol e AFE g A
Aol ¥93a a44FREE 7 5 Ak

3.3 2TWHA

3.3.1 YA B
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M, )=Py—Pu @

contact force : Pm(t)

displacement:Y(t) mass:Mp

static uplift force : Po
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Foi=a-P,(1), Fpin=48" Py %)
Foi=0 (j=1,2, i=1,i42, )
T g T A 4-12)d) FEARHE AL
Y(t+At)=2Y(t)—Y(t—At)+'f—,!t;(Po—P,,.(t)) ()]

3.3.2 & WHA R

Pantograph7t M43 34 &8 943 Catenary®) A
3} AR AR A Adm wwl, A A A9
Pantograph 9 of2ll9} 2ol ANY 4+ Qch

Y(t+dh =7 - y(t+dD+8- y ;1 (t+dD )]

A8 44200 A A@-19), @-17) R @-19F Aelshe] Aa)
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80m/s, B0m/s)2 Ztzbel A& AlEeol A alu gtk

Axd | A9 1000kg, AFVE : 0.988kg/m
Catenary | 27bd | 23 : 1000kg, HFLLE : 0.988kg/m

Span @ 50m, Dropper Ato] 7}2} : 5mz A
Pantograph | 2% : 2kg, M4 @ 55kg
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KHRC == CATENARY~PANTOGRADH DYNAMIC SIMULATION =——
(5] WY, & 2@ 2 (Ist Pantograph, 80m/s)
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LContact Wire Uplift - Static Sag = @ 2= W4 ]
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Azt 4= (N) 19600 19600
Z7Hd 29 (N) 13720 13720
A4 AFAS (kg) 1.334 1.334
27Hd APAE (kg 0.697 0.697
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E2Y] XAtz 8x8 9x7
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m:)idtg}""ks( Y3—Y,) —ky( Yz“Y:;):I(,gVZ (13}
4y,
Cl"#“ks( Yi-Y)=P (14)
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| Read input data |

| Initialize all variables |
T

valuate catenary velocity using
displacements at [t] and [1-dt

{ Caleulate spring force, damping force |

| Assume the first Pm(1) : (Pm(t)_at) |

Evaluafe catenary & Panfograph
dislpacements according to Pmit)_ai

[ Assume the second Pm(t) : (Pm({t)_a2)

Evaluate catenary & Paniograpl
dislpacements according to Pm(t) a2

Compute correct contact force : Pm(t)
by interpolation using contact condition

vu»! Set Pm(t) =0 ]
No

Y
[ Calculate disp. of pantograph at [t+di] Je—

[ Calculate disp. of catenary at [t+dt] |

a3[6] 343 714 Flow Diagram
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HEYPRY F= %9 M4
100mv/s | 80m/s | 50m/s | 100m/s | 80mvs | 50my/s
ol4-& (%) | 1604 | 1134 | 021 | 1588 | 963 | 0.26
Qe mm)) 142 | 149 | 141 | 143 | 148 | 11
Ak mm)| 260 300 | 250 | 281 269 | 250
WA | 5417 | 5406 | 5400 | 54.17 | 5406 | 5400
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