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1 Summary

1.1 Goal

The goal of this project is to derive an overview of the situation in
the Nordic countries with respect to the interaction between the
overhead contact line and the pantograph.

The project will also look into some of the similarities and
differences regarding operation with multiple pantographs.

The project should also analyse interopefability between the
Nordic countries with respect to overhead contact line and
pantograph regulations and specifications.

1.2 Mandate

To produce a report where today’s situation of regulations and
specifications in the area of overhead contact lines and
pantographs are listed for each country. The similarities and
differences should be pointed out and the implications on the
interoperability should be analysed. To do this analyses,
measurements or dynamic simulations might be necessary.

The report shall suggest a plan for further analysis.

1.3 Project members

Tohmmy Bustad, Banverket, project leader
Marten Reijm, Banverket

Fredrik Ahlander, Banverket

Thor-Egil Thoresen, Jernbaneverket
Thorleif Pedersen, Jernbaneverket

Jens Bjorn Nielsen, Banestyrelsen

Kimmo Konsala, VR-Track Ltd

1.4 Project work

Starting: 24-05-2000
Ending: 31-12-2001
Number of meetings: 7
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2 Phase One: Situation of today

2.1 Overhead contact line systems

In table 1 the most common overhead contact line systems in the
Nordic countries are listed with all the relevant technical data
and properties. All four countries have different systems and
specifications, but at the same time there are a lot of similarities.

We can divide the systems into three groups, according to the
design speed of the overhead contact line system:

1. Design speed under 140 km/h (“Low speed systems):
e Danish “BS 90, “BS 100” and “BS 120”.
e Norwegian “Tabell 54”.
e Swedish “S 4.9/5.9”.

2. Design speed between 140 and 200 km/h (“Conventional
systems”):

Finnish “Ktl utan Y-lina” and “SR 70”.

Danish “BS 160”.

Norwegian “System 35MS”, “System 35” and “System 20B”.

Swedish “ST 7.1/7.1” and “ST 9.8/9.8”.

3. Design speed from 200 kmv/h and above (“High speed

systems”):
e Finnish “SR 65”, “S 71” and “SR 220”.
¢ Danish “BS 200”.

Norwegian “System 20 C1”, “System 20 A” and “System 25”.
Swedish “SYT 7.0/9.8”, “ST 9.8/11.8”, “ST 15/15” and
“SYT 15/15”.

2.2 Pantographs

The only pantographs that are in service in all four countries are
the WBL types.

In table 2 the most common / modern operational pantographs in
the Nordic countries are listed with the relevant data and
properties. In table 4 all pantographs of each Nordic country can
be found.

2.3 Interaction

Demands concerning the interaction between the pantograph and
the overhead contact line differ slightly between the Nordic
countries. However, all four countries are using the same
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evaluation method: measurement of forces along the overhead
contact line system and uplift of the contact wire at the support.

2.4 Traffic situation

The traffic situation in the Nordic countries is not the same in all
aspects. There are different types of rolling stock in each country.
Furthermore all four countries have and will get more and more
rolling stock with multiple pantograph operations at higher
speeds. Typical pantograph distances are likely to become 50 to 90
meters.

3 Phase Two: Common problems

3.1 Geometry

3.11 Free space for pantograph

The free space for pantograph defines the space in which the
pantograph may move in lateral direction. Due to the dynamic
uplift the free space for pantograph should be defined at a contact
wire height reflecting both the normal contact wire height and the
maximum operational uplift along the overhead contact line
system. There shall be no other objects than the pantograph in
the free space for pantograph.

The free space for pantograph is not exactly the same in the
Nordic countries. A "Nordic free space” could be interesting for
train manufacturers when designing trains. The number of
restrictions for the design would then be less. If the free space for
pantograph is not defined, the allowed movements of the electric
tractive unit shall be described otherwise to the train
manufacturer.
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Figure 1. Free space for pantographs in Sweden and Norway

3.1.2  “Electric space” for pantograph

When adding the electrical isolation distance to the free space for
pantograph you get the “electric space” for pantograph. In the
area between the free space and the “electric space” there can be
objects, which has the same voltage as the pantograph. The
electrical isolation distances (static and dynamic) are depending
on the voltage of the overhead contact line system.

The “electric space” for pantograph is also a part of the structure
gauge.

3.1.3  Pantograph geometry

In the Nordic countries mainly 4-6 types of pantographs are in
use. There are however problems concerning interoperability.
Only in Norway the collector head of 1950 mm (Ref. [3]) is not
accepted.

The European collector head of 1600 mm is for the time being not
accepted in the Nordic countries, but according to Ref. [2] it will
become mandatory for all European railway administrations. This
will most likely become the standard collector head for at least
high-speed lines.
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3.1.4 Contact wire height

The contact wire height in Denmark, Norway, and Sweden is,
according to table 1 between 4800 and 6100 mm with a nominal
height of 5500-5600 mm. In Finland, however the contact wire
height is between 5600 and 6500 mm with a nominal height of
6150 mm.

For interoperability this is a problem because in that case
pantographs, working in all of the Nordic countries, should give
good current collection quality for a working range as large as at
least 1700 mm. Alternatively a tractive unit could have two
pantographs with different working ranges.

3.1.5 Track gauge

Although not in focus in this report the biggest problem regarding
interoperability between Finland and the other Nordic countries
is probably the track gauge.

3.2 Performance

3.2.1 Multiple pantographs

According to Ref. [2] the distance between three consecutive
pantographs shall be more than 143 m. Modern rolling stock in
the Nordic countries has pantograph distances that are shorter.
Because of this some pantograph distances can short-circuit
neutral sections at least in Norway and Sweden.

Operators that want to traffic with multiple pantographs
normally have to do force measurements for different pantograph
configurations and distances. A common acceptance of methods
and evaluation for measurements made in the Nordic countries
would speed up the interoperability process.

3.22 Contact forces

In three of the Nordic countries the contact forces should always
be between 0 and 200 N. In Norway however, the minimum
contact force is 20 N.

The recommended mean force differs between the countries, but is
somewhere between 50 and 120 N, depending on the speed of the

train.

For interoperability more common rules are necessary.




@ Jernbaneverket ;-. . ;"z BANVERKET Banestyrelsen

Prestudy for overhead contact line and pantograph operations in the Nordic countries.

Page 8(10)

3.23 Standard deviation

In all the Nordic countries the same acceptance criterion for the
calculation of maximum and minimum forces is used:
F mean £ 30 .

3.24 Main lines

For interoperability between the Nordic countries the following
lines are most important:

e D/DK border -Copenhagen -Gothenburg-Oslo
D/DK border -Copenhagen -Malmo -Stockholm
e Stockholm -Gothenburg -Oslo

In the future even:
e QOulu -Kiruna -Narvik

4 Conclusion

The content of this report shows clearly that the Nordic countries
have both differences and similarities regarding overhead contact
line and pantograph operations. Most of the differences must be
solved to achieve full interoperability between the countries.

The group has tried to point out the most important problems, as
shown under:

e The free space for pantographs differs between the Nordic
countries. For interoperability a future unified “Nordic Free
Space” is interesting.

¢ The European collector head of 1600 mm is for the time being
not accepted in the Nordic countries, as the infrastructure is
not designed for it.

¢ A common acceptance of measurements and calculations (both
methods and evaluation) made in the Nordic countries would
speed up the interoperability process as well as the approval of
new rolling stock. This means that type tests or parts of type
tests done in one country could be used in the other countries.

e Mechanically almost similar overhead line systems in the
Nordic countries have different design speeds. This may for
example depend on different experiences with pantograph
performances and evaluation methods. At the same time
design speeds for multiple pantograph operations are not clear
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¢ For each of the main lines mentioned in paragraph 3.2.4 there
is no overview of the efforts needed to be done in order to
achieve interoperability.

5 Recommendations for further work

When suggesting topics for further work the group has taken into
account the ongoing work of TSI-Energy for conventional lines.
The purpose here is to co-ordinate the Nordic efforts in the TSI
work. The group sees the approval of further work as very
important.

The topics in the recommendation can be split up in three parts
(in order of priority):

Part 1: Euro-pantograph and free space for pantographs.
¢ Investigate the consequences of introducing the 1600 mm
wide Euro-pantograph in the Nordic countries.
* Define a unified free space for existing and new
pantographs in the Nordic countries.

Part 2: Acceptance criteria and design speeds for overhead line
systems.
¢ Define a unified acceptance criterion for measurement and
evaluation of overhead contact line systems.
¢ Finding common design speeds for multiple pantograph
operations on the existing overhead contact line systems.

Part 3: Main Lines.
¢ Investigate the efforts needed to make the main lines,
mentioned in 3.2.4 interoperable with the help of the
expected results from the work suggested in parts 1 and 2
above.

6 References

[1] UIC 87H 2 Overhead line/ pantograph compatibility on the
high speed network.

[2] TSI 96/48 Interoperability of the trans-European high-speed
rail System.

[3] UIC 608 Conditions to be complied with for the pantographs
of tractive units used in international services.
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7  Appendix (in Swedish)

7.1  Table 1 “Kontaktledningssystem”
7.2 Table 2 “Stréomavtagare”

7.3 Table 3 “Interaktion mellan strémavtagare och
kontaktledningssystem”

7.4 Table 4 “Trafikering”
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