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Summary

This leaflet sets out the basic provisions and minimum requirements to be fulfilled by wheel slide
protection equipment. It contains advice on integration into vehicles and defines the extent of the tests
to be carried out for approval in international railway traffic.
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1 - Required characteristics for WSP systems
The Wheel Slide Protection device (WSP) fitted to a vehicle has the role of reducing excessive wheel
slide resulting from brake applications in situations where wheel/rail adhesion is temporarily impaired
(inclement weather conditions, fouling of the rail), and of preventing wheels from locking.

A WSP device is activated by a temporary reduction in braking force. The WSP exploits available
wheel/rail adhesion to a maximum and improves it by providing controlled wheel slide so that any
increase in braking or stopping distance is kept to a minimum.

The WSP shall not alter the functional characteristics of the brakes. The vehicle’s air supply equipment
shall be dimensioned such that the air consumption of the WSP does not impair the performance of
the pneumatic brake.

The WSP shall not have a detrimental effect on the constituent parts of the vehicle (braking gear,
wheel tread, axle boxes etc.).

Vehicles that run at speeds above 200 km/h shall be provided with monitoring equipment in addition
to the WSP (a rotation monitor), which detects locked axles and indicates this in the driver’s cab.

Appendix A - page 21 gives a schematic view of electronic WSP systems.

O 1.1 - Functional characteristics

The WSP shall retain full functionality, regardless of the braking force requested, up to a speed 20%
greater than the maximum running speed of the vehicle for which it is designed (if vmax ≤ 200 km/h)
and 10% greater (if vmax > 200 km/h).

The WSP shall function reliably:
1. during acceleration: from speeds of 6 km/h (or lower) upwards,
2. during deceleration: down to a speed of 5 km/h, or lower.

At vehicle speeds ≤ 3 km/h the WSP shall not alter the braking force, other than during testing.

1.1.1 -  The WSP shall remain fully functional even if additional brakes are used that are not
dependent on wheel/rail adhesion. Even if adhesion drops suddenly during braking, the WSP shall
retain its efficacy and shall prevent irremediable locking of the wheelsets at vehicle speeds above the
initiation threshold for the WSP.

1.1.2 -  The WSP shall so vary the braking force as to make maximum use of available adhesion and
improve it by providing controlled wheelslide.

1.1.2.1 -  Sliding of the wheel on the rail shall be restricted in order to avoid damage.

This wheel slide shall not cause the axles to lock.

1.1.2.2 -  The speed of rotation of the wheelsets is calculated on the basis of information provided by
sensors, and monitored by regulators or automatic control systems. These transmit commands to the
WSP actuators to reduce or restore braking power, either totally or partially.

Centrally determined train speeds may not be used to regulate the pressure in the brake cylinders as
long as the safety and the reliability of that speed information is not guaranteed.
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1.1.3 -  The consumption of compressed air as a result of WSP actuation shall be reduced to a
minimum.

1.1.4 -  At no time shall the actuation of the WSP lead to a greater braking force being applied than
initiated by the braking command.

1.1.5 -  If the existing adhesion level is not reduced, the WSP shall not alter the braking force from that
required by the command.

1.1.6 -  The system shall take permitted wheel diameter differences on a given vehicle into account
when evaluating speed.

1.1.7 -  An independent monitoring or "watchdog" device shall support the automatic control system.
The device shall prevent triggering of the actuator if venting continues uninterrupted for more than
10 s. A similar monitoring system shall prevent an incorrect force step being sustained unduly as a
result of a command fault. The watchdog device shall remain active during WSP tests, in order to
restore the braking force required by the command if sustained venting of the brake cylinders occurs
during the tests, or if undesired venting continues on completion thereof. Actuation of this device other
than during a test shall be indicated and recorded as a fault. If the watchdog device is activated, it shall
revert automatically to its stand-by position when the WSP resumes normal functioning.

1.1.8 -  WSP systems for tractive units and driving trailers shall be capable of transmitting an indication
of poor adhesion to the "sanding" function.

1.1.9 -  The WSP of tractive units shall not respond as a result of decreasing wheel slip. Particular
attention shall be given to this in cases of sudden transitions from traction to braking.

1.1.10 -  At low adhesion (adhesion coefficient ) the WSP shall not allow the wheels to lock.
This could occur as a result of:

- incorrect operation of the watchdog device or

- as a result of an error in estimation of train speed.

O 1.2 - Power supply

1.2.1 -  The power supply to the WSP shall be so designed as to guarantee that the WSP powers up.
At the latest, power shall be available when the vehicle is set in motion.

1.2.2 -  WSP systems require an electrical power supply to function. This can be provided by the
vehicles or by the WSP itself.

1.2.3 -  If the electronic WSP does not supply its own power, fluctuations in power within the limits of
point 1.2.4 supply voltage shall not affect its functioning.

1.2.4 -  The WSP shall continue functioning without failure under fluctuations in nominal voltage of up
to at least ± 30 %. If the nominal voltage fluctuations exceed the limits where it does not work properly,
the WSP shall shut down without disturbing the braking system. As soon as the supply voltage reverts
to the permitted range, the WSP shall automatically return to normal functioning.

τ 0 03,<
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1.2.5 -  The WSP installation shall have its own protected circuit. Fuses or circuit breakers for the WSP
shall be so separated from others on the vehicle that they cannot be confused with these or operated
in the same manner. In particular, the WSP shall be so connected to the power system that it is not
switched off automatically by the vehicle to save the battery (e.g. when battery voltage is low).

NB : For tractive units point 1.2.5 is a recommendation only.

1.2.6 -  In all other respects, the WSP shall meet the specifications of EN 50155, EN 50121-3-1 and
EN 50121-3-2 (see Bibliography - page 41).

O 1.3 - Safety, reliability and maintainability characteristics

1.3.1 - General 

The WSP shall conform to the provisions of EN 50126 (RAMS).

EN 50128 is to be respected for WSP software.

The WSP for coaches shall conform to the specifications of UIC Leaflet 557 (see Bibliography -
page 41).

1.3.1.1 -  The WSP shall be capable of initiating tests or checks by means of which a number of
malfunctions, or faults can be detected.

Independent of these continuous internal tests, which are inherent to the electronic or micro-
processing system, availability tests and the monitoring of proper functioning shall be adapted to the
technology employed and defined on the basis of fault analyses specific to the architecture of each
WSP and its environment.

Testing and monitoring during running shall not impair the braking functions. On no account shall
testing or monitoring jeopardise the securing of the train when it is stationary.

1.3.1.2 -  Any faults detected shall be displayed as a fault code and stored in a fault memory.

In the event of a power supply failure, the WSP shall ensure that the fault codes remain stored in the
memory. 

The fault codes shall be defined on the basis of a failure analysis and designed such that the smallest
exchangeable unit can be identified.

1.3.1.3 -  Separate information on the availability status of the WSP shall be provided for Operations,
in addition to the codes for "Fault" and "OK" indications required for Maintenance.

1.3.1.4 -  If the speed information from the WSP is used for other functions, initialisation and testing
shall not generate incorrect information for these functions.

1.3.2 -  Permanent checks when the system is functioning.

The following checks shall control:
1. The availability of speed sensors and electrical actuators. In particular, open-circuit and

short-circuit conditions shall be detected.

2. The reception by the appropriate actuator of every command sent by the computer.
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1.3.3 - Automatic tests 

When it is started up (system start), the WSP initiates a self-check aimed at controlling the availability
of different sub-assemblies (electronic control units).

1.3.4 - Manual tests at a standstill 

1. A device accessible from inside the vehicle shall enable manual initiation of the tests.

2. It shall be possible to read off all faults detected during the run.

3. The manual tests include the availability check of the different sub-assemblies.

4. The tests shall allow a search for faults that subsist when stationary. This sequence also
comprises:

a. Testing the fail-safe devices;
b. The complete venting of the brake cylinders by actuating the release valves one by one.

5. Deletion of the fault display shall be confirmed by a test and by an indication of proper functioning.

1.3.5 - Functioning safety 

1. Safety
The WSP approvals documentation shall contain a safety analysis for the following undesirable
events:

The hourly probability of these anticipated events occurring shall be:

These events shall be quantified using the databases for expected reliability or operating reliability
valid at the time of approval.

2. Reliability
The approvals documentation for the WSP shall also contain a reliability study. Quantification shall
be carried out using the databases of expected or operating reliability valid at the time of approval.

ER 1: Unintended venting or constant pressure on one control channel for a duration in excess
of that specified in point 1.1.7 - page 3.

ER 2: Loss of any safety critical speed output (speed-dependent brake force application,
magnetic brakes).

ER 3: Loss of the function indicating a locked wheelset for equipment approved for
v > 200 km/h.

NB: ER = événement redouté = undesirable event.

♦ ER 1 ≤ 10-6/h
♦ ER 2 ≤ 10-5/h for v < 200 km/h
♦ ER 2 ≤ 10-6/h for v > 200 km/h 
♦ ER 3 ≤ 10-5/h
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3. Maintainability
The WSP shall be built to a modular design:

• Modules with the same functions shall be interchangeable;
• The physical construction of the modules shall be such that those which are not functionally

interchangeable are not plug-compatible.

1.4 - Special features of WSP systems for high speeds (v > 200 km/h)

O 1.4.1 - General 

1.4.1.1 -  All characteristics specified above are mandatory for WSP equipment designed for high
speeds.

1.4.1.2 -  For high speeds, each WSP device shall be supplemented by a rotation monitor to
continuously monitor wheelset rotation and to indicate any rotation anomaly in the driver’s cab.

1.4.1.3 -  Failures of the WSP and of rotation monitoring devices have to be indicated in the driver’s
cab.

1.4.2 - Functional characteristics 

O 1.4.2.1 -  The electrical and electronic circuitry for the WSP and the rotation monitor shall function
independently of one another.

O 1.4.2.2 -  The rotation monitor shall compare the speed of rotation of at least four wheelsets at all
speeds.

O 1.4.2.3 -  The WSP devices and the rotation monitor shall function independently of each other on
each vehicle.

O 1.4.2.4 -  If, when the train starts up, a wheelset locks, the rotation monitor shall send a signal to the
driver’s cab no later than 10 s after a speed of 50 km/h has been attained.

O 1.4.2.5 -  If, during a run, and for a period longer than 10 s, the rotation monitor detects an abnormal
difference in the speeds of rotation of the wheelsets, that device shall send a signal to the driver’s cab.

A difference is considered abnormal if it is ≥ 50 km/h + 0,3 v (v = running speed in km/h).

R 1.4.2.6 -  It is recommended that the rotation monitor be so supplemented that:

1. it vents the brake cylinders for the wheelset concerned if abnormal differences in the speed of
rotation are observed (see point 1.4.2.5); in such a case, the brake cylinder shall not be vented
for a period longer than 10 consecutive seconds;

2. it takes over the principal functions of the WSP if this is defective.

O 1.4.3 - Monitoring 

The functioning of the WSP and the rotation monitor, together with the flow of current to the speed
sensors and the WSP valves, shall be monitored automatically while the vehicle is running.
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1.5 - Special features of WSPs for dynamic and mixed braking systems

O 1.5.1 -  The specifications in this leaflet also apply to the WSPs of dynamic brakes except in cases
where this is technically impossible.

O 1.5.2 -  Wheel slide shall be kept within the permitted tolerance range in the case of tractive units for
which the dynamic brake can be used independently of the automatic brake (particularly for holding
brake applications on steep gradients) in order to spare the wheel tread and to minimise any influence
on speedometer variations.

O 1.5.3 -  If, in case of failure of the dynamic brake or with mixed braking systems, the force of the
pneumatic brake takes over, the respective WSP shall become active without delay.

If separate WSPs are used for pneumatic and dynamic brakes, care shall be taken to ensure that the
regulating processes of mixed braking systems do not create a mutual hindrance such that the braking
force to be transmitted is unacceptably reduced.

R 1.5.4 -  For high-speed trains it is recommended that the wheelset rotation monitoring device totally
suppress the force of the dynamic brake if the threshold indicated under point 1.4.2.5 - page 6 is
exceeded, independently of the WSP.

O 1.6 - Precision of reference speed

During brake applications to a standstill in conditions of reduced adhesion, the maximum permissible
reference speed deviation shall be as follows:

- if the reference speed is greater than the real speed: 5 km/h,

- if the reference speed is less than the real speed:

• 10 km/h where the real speed is less than 200 km/h,
• 15 km/h where the real speed is more than 200 km/h.
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2 - WSP approval tests

O 2.1 - General

2.1.1 - Principles of approval 

Approval of a new WSP will only be granted once its functioning has been demonstrated by
submission of results (recordings and measurements) of tests carried out as specified below.

The test range is dependent on vehicle category and brake characteristics and must comprise the
following tests at least:

(See points indicated for special features and alternative or additional tests)

2.1.2 - General test conditions 

2.1.2.1 -  If the vehicles are equipped with brakes that are independent of wheel/rail adhesion
(e.g. magnetic brakes), these shall be switched off, except in the conditions defined under point 2.6 -
page 14.

2.1.2.2 -  The WSP tests shall be conducted in average weather conditions, at moderate ambient
temperatures (between 5°C and 25°C), and shall not be undertaken in snow. The temperature on the
rail surface shall be recorded after every test and shall lie between 5°C and 35°C.

2.1.2.3 -  For the tests, the capacity of the auxiliary air reservoir(s) shall be sufficient to ensure that
there is maximum pressure in the brake cylinders in Brake Positions R and RR under dry conditions.

Vehicle category Tests required as set out in:

Appendix and additional points

Wagons C + E.1 1 + 2.2 + 2.5 a

a. test rig simulation possible;

Coaches C + D
or

C + E.1 + E.2
1 + 2.2 + 2.5 a + 2.6 b

b. for adhesion-independent brakes.

Locomotives, trainsets C + D
or

C + F
1 + 2.2 + 2.3 + 2.5 a + 2.6 b

High speed trains C + D 1 + 2.2 + 2.3 + 2.4 +2.5 + 2.6 b
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2.1.2.4 -  The fluid used to reduce adhesion shall be an aqueous solution of a detergent with a fatty
acid or tenside base (sum of active constituents) in a concentration between 10% and 15% and
without mineral fillers. The detergent shall be biodegradable, mix readily with water and be safe to
dispose of in the track.

Dilution of the agent shall enable the simulation of a required rate of adhesion  between 0,05 and
0,08 during the initial braking period, not taking into account a possible first peak of the adhesion
coefficient. The nominal composition of the mixture shall include 1% active constituents. It is permitted
to vary the concentration as a function of available adhesion without, however, exceeding the bottom
limit of 0,1% active constituents. The solution shall be released in front of each wheel of the first
wheelset under a pressure of 0,1 bar to 0,2 bar through 8 mm dia. nozzles located along the
longitudinal axis of the rail, a few centimetres from both the rail and the wheel.

The evaluation of the level of adhesion tested is contained in the method of evaluation of the slip tests
described in Appendix B - page 22.

2.1.2.5 -  VSP performance shall be evaluated in a series of braking tests on tangent track with a
maximum gradient of ± 2 ‰.

2.1.2.6 -  Prior to each test series (maximum 10 tests in succession), the wheels of the test vehicle
must have been regenerated over a section of at least 20 km.

The different series of tests shall be carried out on different sections of line as far as possible. If tests
are carried out on the same section, interruptions shall be scheduled, so that normal adhesion
conditions can be restored in the interim as a result of train movements on the section.

2.1.3 - Parameter to be recorded 

Various parameters shall be recorded and/or measured during the tests to allow the functions of the
WSP to be verified and its capacities to be evaluated.

2.1.3.1 -  The following variables shall be recorded simultaneously on a test vehicle equipped with the
WSP under investigation, and shall be represented graphically as a function of time:

- vehicle speed vf,

- reference speed vref for the WSP, if this is utilised for regulation,

- circumferential speed of all wheelsets,

- pressure in the brake cylinders behind each WSP valve,

- vehicle deceleration,

- pressure in the main brake pipe,

- pressure in the auxiliary air reservoir R,

- initiation of braking,

- command signals for all WSP valves,

- additional command signals (magnetic brakes, doors, sanding, etc.).

τa
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2.1.3.2 -  The following variables shall be measured:
- brake entry speed,
- stopping distance,
- stopping time,
- rail temperature and ambient temperature,
- pressure in the auxiliary air reservoir at the beginning and at the end of the brake application

(in the case of slip tests).

2.1.3.3 -  The weather conditions for each test shall be indicated in the report.

2.1.3.4 -  If the WSP supplies additional switching signals for auxiliary functions, these shall be
monitored during tests with and without spraying.

2.1.3.5 -  An odometric signal shall be recorded such that the distances covered can be determined.

A diagram showing the various stages of such a braking test can be found in Appendix G - page 30.

O 2.2 - Approval tests to be carried out on coaches and wagons

2.2.1 - Slip tests 

2.2.1.1 - General conditions for slip tests 

The general conditions described in the following paragraphs are supplementary to those listed
in point 2.1 - page 8.

Braking performance on dry rail shall be determined in accordance with the requirements of UIC
Leaflet 544-1 (see Bibliography - page 41). Required braking performance in the different brake
positions is indicated in the tables in Appendices D - page 26 and E - page 27.

The relative air consumption of the WSP shall be calculated for each test in accordance with
Appendix C - page 25 and recorded in the test report.

Care shall be taken when evaluating air consumption not to include consumption by other items of
equipment (e.g. secondary suspension).

A supplementary reservoir shall be provided in order to prevent the pressure in the auxiliary air
reservoir from dropping below the value corresponding to maximum cylinder pressure in the
respective brake position during tests with replenishment.

During the slip tests, the rails shall be sprayed abundantly approx. 300 m (100 m for the tests at
50 km/h) before the point at which the brakes are applied and over the entire length of the braking
distance, using a fluid conforming to point 2.1.2.4 - page 9, to reduce adhesion.

Proof of the test at a speed of 50 km/h may be furnished by the slip test method or by using a coupled,
but unbraked locomotive.

A further test shall be carried out on dry rail, with a λ of approx. 150% and from a speed of 120 km/h,
with approx. 1 kg soap previously distributed regularly over each rail 200 m behind the brake
application point over a length of at least 20 m. The wheelsets must not lock during this process.
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2.2.1.2 - Number of slip tests 

The tests to be undertaken are described in Appendices D - page 26 and E - page 27.

The WSPs for coaches shall be tested according to Appendix D, the WSPs for wagons according to
Appendix E.1. WSPs for use on both coaches and wagons shall be tested according to Appendices D
and E.1, on both types of vehicle, or in accordance with Appendix E on a wagon.

2.2.1.3 - Evaluation of slip tests 

None of the wheelsets shall lock during the tests at speeds above 30 km/h. Wheel locks below that
speed shall not last longer than 0,4 s.

The instantaneous slide value for the wheelsets shall not exceed the following values for more than
3 seconds:

- 25% of the instantaneous speed if this is between 160 km/h and 120 km/h,

- 30 km/h at an instantaneous speed ≤ 120 km/h.

The relative air consumption of the WSP (see Appendix C - page 25 – without replenishment) may not
exceed the following values:

No undesired venting is permitted.

(Undesired venting: Reduction in braking force not justified by the behaviour of the wheelsets).

In tests conducted at initial speeds of 120 and 160 km/h on sprayed rail, the stopping distance shall
not exceed the values given in Appendices D, E and F - page 29. These tests shall be evaluated
according to the method described in Appendix B - page 22. 

The reference speed shall conform to the requirements of point 1.6 - page 7.

2.2.2 - Drag braking test 

The general conditions for these tests are the same as those for the slip tests.

2.2.2.1 - Number of drag tests 

A test with a hauled vehicle shall be conducted at a stable speed of around 100 km/h in order to
simulate a holding brake application initiated on a line with a gradient, and in order in particular to verify
the WSP’s inherent regulating qualities.

A full brake application in Brake Position R shall be maintained for a period of 30 s, with adhesion
reduced to such an extent that all wheelsets are in slide.

Speed Relative air consumption (Cr)

120 km/h 3,5

160 km/h 7
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