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problems

ce of the Interference limits of
ck circuits (Sweden, Denmark,
embourg, UK), and of 100 Hz track
circuits (Switzerland)

e Incompatibility with protection systems,
causing train stops (Sweden, Denmark,
UK)



first ESC UserGroup
ast February

sentatives from Banverket, SBB,
| Lulea, Bombardier, Siemens, DSB

e Meetings on an irregular basis
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eteorological conditions
e accretion

d the theory of arcing and the
anism of DC generation

ab measurements with a test rig
* Analysis of readily available field data
e Field measurements

e Simulation models including transformer
saturation
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n — 3 mechanisms

Mechanism

Air humidity freeze on surfaces
directly from the vapour phase

Rime Air humidity condensate on surfaces
(T < Toew) and freezes (T < 0°C)
Glaze Water droplets (e. g., supercooled

rain) hits a cold surface and freezes
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Radiation
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Advection

INn warmer air with a

WARME UND FEUCHTE LUFT
v
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rvations
periences

Ice produces a clearly visible arc

mponents and even harmonics are
easured In the line current

e The DC seems to be unidirectional

 Copper and carbon have different
electrochemical properties
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rc physics

electrodes 0.01-0.1 mm
ucting plasma in between

and anode voltage drops:

2-6 V 8-9V
+ 2-4 \V//mm f 2-4 \V//mm
Carbon: 0-11V 11-20V

The cathode spot:
 The electrons are emitted from the cathode spot

e The voltage required to ignite an arc depends on
material, temperature, ionization, shape, etc.

Lars Buhrkall, Sviegade 3, DK - 6760 Ribe. Tel. +45 74846011, Email lars@buhrkall._dk, www.buhrkall._dk



3 DC generation mechanisms

Continuous * The arc voltage drop depends on the
arc direction of the current

 Net EMF of 5-18 V DC ("+” on the carbon)

"Jumping” arc |« The arc ignition voltage is polarity
dependent, and higher than the voltage
drop across the arc itself

* The arc "jumps” along the OHL
* Higher net EMF, up to 100 V DC

Discontinuous | The arc Is extinguised at the zero-
arc crossings of the current

* The ignition voltage Is polarity dependent
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up to 160 km/h

e

D-1250 mm

Ground
brushes

Thrust
bearing

Motor
(adjustable speed)

Overhead line

Pantograph (carbon) \

—

F=25-35N

Adjustable load
resistances and
inductances

Moves 0,5 m per 60 m OH-line

&

SECRC/H LNordin 02-03-10
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Discontinuous arcing, mechanism 3 (zero-crossings!)
The net EMF is approximately 106 V in this example
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conclusions

nds jump along both
odes, mechanism 2 Is also valid

e DC EMF decreases with increasing
arc AC voltage and increasing current

e The DC EMF Increases with with
Increasing electrode distance and
Increasing speed

 The dependency on cos(@) Is unclear
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leld tests

......

1 OTU EMU, test
track in Vasteras
(artificial ice,

1 and 2 BR185 16.7 and 50 Hz) 1 Class 357
locomotives and e -4 s ks ey Gl

T s EMU, test track
ﬁ 22008 EMU, e in Cerhenice
SU(;(?—Im ourg (simulated ice
(50 Hz) test, 50 Hz)
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f field data

S between the DC level and
ariables (speed, power, cos(g),
, signal interference)

DC levels at multiple operation, current
split between vehicles

 What is DC — comparison between
analysis methods
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. speed ~ 90 km/h,
Ime ~ 39 min.
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5 tests

BR185 (regenerative braking)

Vvl .
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185 single loco

BR185 in Luxembourg

Analysis of test results, BR185

Test date: 09-Dec-2001
Rev. 1, 06-Jun-2002 Analysis: LB, 30-Oct-2003

AVG DC current (A)

0 20 40 60 80 100
Speed (km/h)

< <
c c
@ o
5 5
(&) [&]
Qo Q
o) o)
z ¢
< <
0 0.5 1 1.5 2
77 Hz current (A)
&"‘ &“‘25
c ¥ =i
@ (O]
= =15
(|} [
g <
100 200 300 0 TT—|D R "
RMS line current (A) current (A)

Lars Buhrkall, Sviegade 3, DK - 6760 Ribe. Tel. +45 74846011, Email lars@buhrkall._dk, www.buhrkall._dk



ests

yed with water at T ~ -2°C.

16 2/3 Hz, all at low power:
sts with normal parameters

tests with increased reactive current
reference.

e 22 tests at 50 Hz:
- 6 at low power, normal parameters
- 6 at low power, Incr. reactive current
- 10 at higher power, normal parameters
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OTU EMU Ice tests at 50 Hz (no-load conditions)
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2/3 Hz OTU tests

: <8
Ice tests with the OTU EMU =6
@
Analysis of test results, 16 Hz tests 54H
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p

Class 357 in Cerhenice

e Simulated ice test,
reduced pantograph m
significant arcing

 Not equal to real ice

conditions, but good Q !
enough to test the B i

performance of the
vehicle
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double traction

N
(9)]

I
—— BR185.026, max=21.2 A
— BR185.021, max=93 A
— Sum, max=175A

N
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DC current (A)
o o o o
| | | |

1
a
|

L
o

5 runs =~ 4 km each, max. speed ~ 80 km/h

The heading loco (blue curve) is the generator, the
tailing loco (red) return path.

 The total DC (black curve) is generally less that the
level from the heading loco.
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ent split, 2 BR185

Distribution of DC currents, 2 BR185 in double traction
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Between 0 %
and 50 % of
the DC that is
generated by
the heading
loco returns
via the talling
loco
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. and substation

<«

station

2 BR185 locos 122000 EMU

Total line section length 36 km, 25 kV 50 Hz
2 BR185 locos (AC-motors) in multiple in the middle
1 22000 EMU (DC-motors) at the end

Current transducers In all vehicles and in the substation
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Circuit model for DC

I 1

[] - RT RTB Rtz [I]
OO C OHO
Substation 2 BR185 locos 172000 EMU

e Each OHL-pantograph interface is a voltage
source 0-20 V DC (up to 100 V DC at severe

Ice conditions)

e The distribution of DC currents is determined
by the resistances in the transformers and the
OHL and return current system

I, Sviegade 3, DK - 6760
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.dk, www.buhrkal
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Catenary
<G> and OHL
Rails

Power system and
substation transformer

Alternative DC generators?

1 AC

3 AC

@

3 galvanically separated circuit loops

Vehicle with main transformer,
converter systems, and motors

No other ice-related DC source in the OHL loop

Transformers do not transfer steady DC

Induced currents? (northern light, separated tracks)
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Conclusions

Copper + carbon + arc = DC voltage
source at the OHL-pantograph interface

Normally up to 20 V DC, but up to
100 V DC at severe ice conditions

The DC currents cause even harmonics

Multiple operation does not generally
Increase the DC (parallel voltage sources!)

Full agreement between the arc theory
and the lab and field test results
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0, and DSB for the usage
85 data
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