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Experience of operating lines at speeds above 160 km/h

Railway line No. 9:
• between 2007 and 2015, a comprehensive, 

multi-discipline modernisation of railway line No. 9 was 
carried out, allowing the introduction of speeds of 160 
km/h for passenger trains and 120 km/h for freight 
trains;

• between 2019 and 2020 optimisation work was carried 
out to increase the speed for passenger trains to 200 
km/h;

• from the 2020/2021 timetable, regular passenger train 
traffic on railway line No. 9 began at 200 km/h.

Railway line No. 4:
• in 1988, regular passenger train traffic started on railway 

line No. 4 at a speed of 160 km/h;
• between 2009 and 2013 the ETCS L1 system was 

installed, resulting in the start of regular passenger 
traffic at 200 km/h in 2014;

• according to current assumptions, the introduction of 
Vmax = 250 km/h is planned for 2026.
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Works carried out on line No. 4:
• reconstruction of engineering structures and execution of dynamic load 
tests;

• design of track adjustment (adjustment of canting to maximum speed);
• installation of the ETCS L1 system;
• removal of level crossings;
• modification of the power supply system (construction of new 
substations);

� In progress:
reconstruction of SRK equipment and installation of ETCS L2 system

Experience of operating lines at speeds above 160 km/h
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Works carried out on line No. 9:
•reconstruction of engineering structures and performance of dynamic 
load tests;

•design of track adjustment (adjustment of canting to maximum speed);
•installation of the ETCS L2 system;
•removal of level crossings;
•modification of the power supply system.

Experience of operating lines at speeds above 160 km/h
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First ETCS L1 tests - 2011:
https://www.youtube.com/watch?v=Jg9_p3paQHo
 
OHL tests:
https://www.youtube.com/watch?v=CsfUJ5Qw1a0

Civil engineering objects (railway bridges) tests:
https://youtu.be/A9dgmF6pEvA?si=OZdU3fTOXCLz-EkI&t=289

Turnouts tests:
https://youtu.be/-iwoE8B9N44?si=FgPqi4sbzCaCnrBQ&t=248

ED250 homologation up to 250 km/h - record V = 293 km/h
https://youtu.be/hMVL5Zu9Mlw?si=ImJepL1mpBOelwF2&t=460

Tests and trials prior to implementation V > 160 km/h
Experience of operating lines at speeds above 160 km/h

https://www.youtube.com/watch?v=Jg9_p3paQHo
https://www.youtube.com/watch?v=CsfUJ5Qw1a0
https://youtu.be/A9dgmF6pEvA?si=OZdU3fTOXCLz-EkI&t=289
https://youtu.be/-iwoE8B9N44?si=FgPqi4sbzCaCnrBQ&t=248
https://youtu.be/hMVL5Zu9Mlw?si=ImJepL1mpBOelwF2&t=460
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IDENTIFIED PROBLEMS : 
Track geometry quality

Assumptions of change:
• increasing the tolerance of acceptable geometric quality 

parameters,

• defining new assessment parameters,

• dissemination of qualitative measures (standard deviation),

• introduction of a four-step geometric quality assessment.

Benefits:
• improving the planning of maintenance works (quality 

measures),
• reduction in the number of geometry defects requiring 

intervention (thresholds, tolerance),
• ensuring travel comfort (new parameters - D2 waves).

Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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IDENTIFIED PROBLEMS : 
Flying ballast in winter conditions (uplift of ballast stones by 
falling ice blocks from the train)

Implemented actions - RU:
• Amendments to the DSU for the assessment of damage 

to SYOPE panels,

• use of measures to prevent snow and ice build-up on 
the ED250 chassis,

• limitation of the travelling speed in case of ice on the 
train.

Implemented measures - IM:
• changes to the regulations (profiled ballast prisms -2.0 

cm),

• ensuring that the ballast prism is properly profiled,

• increased surveillance of the operation section (control 
of the train movement).

Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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ST-T1-A8:
"The top surface of the ballast prism ("op") in 
the windows between the sleepers/switch 
sleepers shall be profiled to height of 0.02 m 
below the top edge of the sleeper center 
section..."

Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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IDENTIFIED PROBLEMS : 
Defects/geometry of the rail running surface

Assumptions of the change:
• introducing a catalog of surface defects,

• standardizing the treatment of defects,

• introduction of a four threshold assessment,

• introduction of new parameters to be assessed (ripple wear)

• raising awareness of the causes of defects and the consequences 
of not correcting them.

Benefits:
• slowing the rate of sufrace degradation (reduction of dynamic 

impacts from surface defects),

• a reduction in the number of ruptures and operational restrictions 
(raising of staff awareness),

• optimization of the rail reprofiling strategy.

Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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Example "card" from the catalog of defects in rails 

(for 227 – SQUAT defect)

Name, no. from the UIC 
catalog

Description of the defect + 
examples

Impact

Actions to be taken 
to prevent and 

remove

Additional remarks

For selected defects 
(representing the biggest 

problem on PLK's 
network), detailed 

treatment guidelines

Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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IDENTIFIED PROBLEMS: 
Durability of switches (fixed crossings)

Scope of changes:
• standardizing the profile of fixed crossings,

• introduction of new permissible deviations (tightening, 
threshold qualification: repair/replacement),

• Introducing efficient methods for checking the condition of 
fixed crossings.

Benefits:
• extending the life cycle of the crossings,

• improving the quality of fixed crossings assessments,

• better qualification of defects and selection of 
countermeasures,

• improving the quality of regeneration technology.

Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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Experience of operating lines at speeds above 160 km/h
Effective maintenance of the INF subsystem on HSR
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Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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Experience of operating lines at speeds above 160 km/h
Effective maintenance of the INF subsystem on HSR
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Maintenance - diagnostics - 
knowledge: 
Exchange of experience
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OPERATIONAL QUALITY AT HSR

IDENTIFIED PROBLEMS : 
Safety and quality of inspections

Assumptions of change:

• automation of track inspectons (project - AOT),

• qualitative and quantitative information from inspections received in a 
digital form,

• improving the quality of diagnostics.

Benefits:

• worker safety,

• a reduction in the frequency of surveillance,

• reduction of supervision costs,

• improvement of the surveillance quality.

Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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HS line supervision, given the need to provide:

• worker safety,

• process performance, 

• the high quality of the data obtained,

• digital data format - essential for expanding predictive models,
should be based on automated diagnostics minimising human involvement in the process. 

A response to these needs is the Company's forthcoming Automated Track Inspections project, 
which aims to replace walking rounds with automated inspections, carried out using inspection 
vehicles equipped with a range of video inspection and measurement systems.
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MOBILE PART = AOT VEHICLES + motorized bogies STATIONARY PART = OPERATOR STATIONS

AOT project
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OPERATIONAL QUALITY AT HSR

IDENTIFIED PROBLEMS: 
Troubleshooting/maintenance

Assumptions of change:

• provision of resources for rapid breakdown 
recovery (machinery),

• creation of strategic stocks (switch elements),

• temporary ways of securing (if long waiting times 
for parts),

• identification of parts (in track - passporting/DZIK, 
in stock - stock data).

Benefits:
• defect management - emergency status,

• recognition of switch parts - built-in, storage ones,

• reducing the number of operational restrictions.

Effective maintenance of the INF subsystem on HSR
Experience of operating lines at speeds above 160 km/h
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Operation experience 
- OCLs for speeds above 160 km/h

The need for overhead contact lines with increased cross-sections from those previously used for speeds up to 
160 km/h of 320 mm2 to provide greater than 2,500 A long-term current carrying capacity and contact wires with a 
longer service life.

Current network design solutions are:

• YC120-2CS150 up to 200 km/h and cross section Cu 420 mm2

• YC150-2CS150 up to 200 km/h and cross section Cu 450 mm2,

• 2C120-2C-3 up to 250 km/h and cross section Cu 440 mm 2.

Their characteristics are:

• one or two suspension cables of 120 mm² or 150 mm²;

• two contact wires of 100 mm² or 150 mm²;

• spacing of support structures 60-65 m;

• tensions in contact wires (for 100 mm2) min. 950 daN for each conductor; 

• tensions in the suspension line (for 120 mm2) min. 1400 daN);

• copper-bearing cables and less abrasive contact wires by using CuAg0.1 silver-plated copper or CuMg0.02 magnesium.
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L.p. Parameter or size Measure YC120-2CS150 
(≤120 km/h) 

YC150-2CS150 
(>120 km/h) 2C120-2C-3 (>200 km/h)

1 Number and cross-section of suspension 
cables mm2 1 × 120 Cu 1 × 150 Cu 2 × 120 Cu

2 Number and cross-section of contact wires mm2 2 × 150 Cu Ag 2 × 150 Cu Ag 2 × 100 Cu Ag

3 Load line tension kN 15,89 19,07 2x15,88 = 31,76

4 Running wire tension kN 2x14,83 = 29,66 2x14,83 = 29,66 2x10,590 = 21,18

5 Length of normal span on a straight line m 65 65 65

6 Offset (zig-zag) on straight line m ±0,20 ±0,20 ±0,20

7 Stress length m 1200 1200 1240

8 Construction height m 1,7 1,7 1,7

9 Stress span m 59-3-59-3-59 59-3-59-3-59 62-3-59-3-62

10 Nominal contact wire suspension height m 5,20÷5,60 5,20÷5,60 5.20÷5.60 - V>200 km/h
5.08÷5.30 - V≥250 km/h

11 Long-term current carrying capacity Idd at 
Vw=0.6 m/s A 1363 1364 1558

12 Suspension length "Y"
Elastic cord m 17 17

22
(integrated suspension 

cable system)

Operation experience 
- current design of the OCL
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Operation experience – 
tensioning devices for speeds above 160 km/h

In order to ensure greater certainty of proper compensation of changes in the length of the network due to 
temperature changes, separate anchoring of the suspension cables and contact wires have been used, 
including the use of modern weightless tensioning devices.
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Operation experience 
- sectional insulators for speeds above 160 km/h

In order to improve the interaction at the current collector - OCL interface, a new generation of section insulators has been 
implemented to ensure uninterruptible passage of the contact strip through the electrically shared overhead contact line section. 

REQUIREMENTS 
for sectional insulators: 
• breaking strength - not less than 100 kN; 
• torsional strength - not less than 50 Nm 

torsional force;
• no mechanical shocks between the contact 

pads of the current collectors and the section 
insulator elements.
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Operation experience 
- analyses of power supply systems for speeds above 160 km/h

Result:
• distribution of substations - 10 to 15 km;

• use of sectional cabs/cross-connections;

• quality index e.g. B2 - provision of power to each train in order to meet the timetable (mean useful voltage - ≥ 2700 V (2800 
V for HS) - according to EN 50388-1;

• Provision of minimum unstable voltage > 2000 V - according to EN 50163.

Power supply analysis with EN 50641-compliant software

Geographical 
considerations 

•  Horizontal profile 
•  Vertical profile
•  Commercial/technical 

staging areas

Traffict conditions

•  Timetable
o  Developed at the   

  SW/WSPP
o  OBLIKO/SOLK
o  Passenger 

Transport Model  
   (PMT)

•  Commercial speeds

Rolling stock 

•  Planned by  
 transport organisers

•  Prospective in the 
project life cycle 
 

Infrastructure 

•  Location of facilities 
 power supply  
 electrofracking

•  MV/HV network 
(SZW)

• Power demand 
 from tangential lines

•  Non-traction needs
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Digitalization in the field - supporting devices 

Statistics:
• 110,665 trains scanned;

• 6,965 (6.3%) trains with irregularities identified;

• 318 trains (4.6% of trains with an emergency condition) reported to 
operators on an urgent basis.

Next steps:
• expansion of the DSAP system (most heavily congested sections of 

railroad lines).
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The DSAP system allows, among 
other things:

• measurement and verification of 
pantograph contact force,

• measurement of the wear and 
continuity of the carbon overlay 
(cracks, splits, chipping),

• measurement of wear asymmetry of 
carbon overlays,

• measurement of the position of the 
pantograph (in the x, y and z axes) 
relative to the vehicle,

• correctness of attachment of leading 
edges,

• identification of missing pantograph 
components.

Pantograph Emergency Detection System (DSAP)
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Pantograph Emergency Detection System (DSAP)
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Pantograph Emergency Detection System (DSAP)
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Pantograph Emergency Detection System (DSAP)
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DP 560 Draisine

Automatic 
measurements:
• offset

• djp suspension height

• wire thickness 

• a detailed record of 
the diagnosed 
network section 

• quick location

• network fault detection 
- inadequate 
regulation  

  

Automatic recording exceedances of overhead 
line limit values. 

Recording of overruns indication

Digitalization in the field - supporting devices 
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Experiences of operating lines at speeds above 160 km/h
Railway traffic control

According to the current regulation amending the regulation on general 

conditions for rail traffic operation and signaling, operation at speeds > 160 

km/h in Poland is only possible using the ETCS system. 

The installation of the ETCS system on a line is necessary to enable traffic speeds 

of > 160 km/h.

In the event of faults in either the trackside or onboard ETCS system, 

operation shall be restricted to the maximum speed of 160 km/h.
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ETCS item 1 

https://transport.ec.europa.eu 

ETCS item 2 

https://transport.ec.europa.eu 

Operation of ETCS at speeds >160 km/h 
on the PLK S.A. network.

ETCS Level 1 provides 

the possibility for train 

operation at speeds >160 

km/h - and it is a cheaper 

solution than ETCS Level 

2. 

• On the PLK S.A. network, traffic is carried 

out at speeds of up to 200 km/h using both 

ETCS Level 1 and ETCS Level 2.

• First implementation of ETCS for speeds 

     > 160 km/h:

o installation of ETCS Level 1 on the 

Central Railroad Line (line 4, section 

Grodzisk Mazowiecki - Zawiercie) for 

speeds of up to 200 km/h. 
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Challenges for PLK 
S.A.

Installation of ETCS on the Central Railroad Line in 

mixed traffic - both ETCS fitted and UN trains.

At the time, the only rolling stock that was 

technically and formally capable of operating at 

speeds of up to 200 km/h was the ED250 (maximum 

operating speed 250 km/h; now also EU200 - up to 

200 km/h). 

• The system is built as an 'overlay' on the SRK base 

layer equipment designed for a maximum speed of 

conventional trains (UN - unfitted) = 160 km/h. 

• On the basis of analyses taking into account the 

point-to-point data transmission in ETCS Level 1, a 

maximum speed of 200 km/h was assumed for the 

length of the block intervals and the line interlocking 

rate.

• The results of the ETCS tests on the Central Railroad Line showed 

that ETCS on the ED250 calculates braking curves in a very 

restrictive way and that the calculation of braking curves according 

to Baseline 2 has not been harmonized at the European level. 

• In order to avoid unnecessary brakings, the speed on the ETCS 

system on the Central Railroad Line has been limited to less than 

200 km/h.
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Central Railroad Line: 
current state and future plans

ETCS Level 1 on the 

Central Railroad Line 

has been in operation at 

speeds of up to 200 

km/h since December 

2014.

A project is currently underway on the CRL to install ETCS Level 2, as a result 

of which the operation speed will be raised to 250 km/h and ETCS Level 1 will 

be dismantled. 

The project will centralize control - over 200 km of this line will be covered by 

one Local Control Center (LCC) together with Radio Control Center (RBC).
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Railroad line no. 9 (E 65 Warsaw-Gdynia section)

• Operation of trains is being controlled at speeds of up to 200 km/h.

• ETCS Level 2 as a system ensuring continuous instructions of 

Movement Authority (MA) to the onboard equipment limits the influence 

of the adopted installation method of the base Class B layer system 

(length of block intervals, line interlocking rates) on the maximum speed 

at which trains run. 

• The installation of the ETCS system required changes to the 

configuration of the crossing systems.

ETCS Level 2 on railroad 

line 9 has been in 

operation at speeds of up 

to 200 km/h since 

December 2020.
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Conclu
sions

• PLK S.A.'s experience shows that it is possible to operate trains at speeds above 160 km/h using 

both ETCS Level 1 in a decentralised configuration as well as ETCS Level 2. 

• In the case of ETCS Level 1, a key problem may be to ensure an appropriate balance between the 

maximum speed and line capacity, particularly when operating mixed traffic on a given line.
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PKP PLK S.A. is the owner, disposer and Entity in Charge of Maintenance (ECM): 2724 units 

railway vehicles, of which the following types of rolling stock can be distinguished:

� Universal motor trucks  - 496 units.

� Measurement trains (draisines & carriages) - 8 units.

� Diesel locomotives - 14 units.      

� On-track machines (OTMs) - 62 units.   

� Rail-road vehicles (excavators) - 42 units.

� Freight wagons - 472 units.

� Snowploughs and other snow machines - 152 units.

� Other special vehicles included in the rail technical rescue - 145 units.

� Other special vehicles - 1333 units.

Effective maintenance of the infrastructure subsystem on HSR

Experience of operating lines at speeds above 160 km/h

Types of railway vehicles operated by PKP PLK S.A. 
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Effective maintenance of the infrastructure subsystem on HSR

Experience of operating lines at speeds above 160 km/h

Track maintenance:
� Universal motor truck type DH-350.11 - 50 units. 
� WM-15A type motor truck - 38 units. 
Diagnostics:
� Measuring draisine (DPD-660.00, DP-560.00) - 2 units.
� Rail-road vehicle for inspection of engineering structures (ZDS 

COPMA V4) - 1 unit.
� Measuring draisine (EM-120) - 2 units.
� Ultrasonic inspection carriage- 1 unit.
Railway construction machinery:
� Track tamping machines STOPFEXPRESS 09-3X NG DYNAMIC - 2 

pcs.
� Track tamping machine CSM 09-32 - 1 unit.
� Universal tamping machine Unimat 09-4x4/4S Dynamic2 - 1 unit.
� Turnout tampers Unimat 08-475 4S - 3 units.
� Ballast regulator PP-300.02 - 1 pc.
� Rail-road excavators 1604ZW and A 922 Rail - 16 units.
Traction measures
� 6Dh diesel locomotives - 4 units.
Rescue train:
� WM-15A/PRT00 technical rescue trains - 4 units.
� UniRoller-S rail-road vehicles - 17 units.

Rail vehicle purchases (and upgrades) completed between 2018 and 2024



Thank you for your attention


