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Important message 
This document is one of a set of standards developed solely and specifically for use on 

Transport Assets (as defined in the Asset Standards Authority Charter). It is not suitable for any 

other purpose. 

The copyright and any other intellectual property in this document will at all times remain the 

property of the State of New South Wales (Transport for NSW). 

You must not use or adapt this document or rely upon it in any way unless you are providing 

products or services to a NSW Government agency and that agency has expressly authorised 

you in writing to do so. If this document forms part of a contract with, or is a condition of 

approval by a NSW Government agency, use of the document is subject to the terms of the 

contract or approval. To be clear, the content of this document is not licensed under any 

Creative Commons Licence. 

This document may contain third party material. The inclusion of third party material is for 

illustrative purposes only and does not represent an endorsement by NSW Government of any 

third party product or service. 

If you use this document or rely upon it without authorisation under these terms, the State of 

New South Wales (including Transport for NSW) and its personnel does not accept any liability 

to you or any other person for any loss, damage, costs and expenses that you or anyone else 

may suffer or incur from your use and reliance on the content contained in this document. Users 

should exercise their own skill and care in the use of the document. 

This document may not be current and is uncontrolled when printed or downloaded. Standards 

may be accessed from the Transport for NSW website at www.transport.nsw.gov.au 

For queries regarding this document, please email the ASA at 
standards@transport.nsw.gov.au or visit www.transport.nsw.gov.au 



T HR EL 12009 SP 
Hybrid Voltage Limiter 

Version 1.0 
Issue date: 21 July 2020 

© State of NSW through Transport for NSW 2020 Page 3 of 19 

Standard governance 

Owner: Lead Electrical Engineer, Asset Standards Authority 

Authoriser: Chief Engineer, Asset Standards Authority 

Approver: Executive Director, Asset Standards Authority on behalf of the ASA Configuration Control 
Board 

Document history 

Version Summary of changes 

1.0 First issue 



T HR EL 12009 SP 
Hybrid Voltage Limiter 

Version 1.0 
Issue date: 21 July 2020 

© State of NSW through Transport for NSW 2020 Page 4 of 19 

Preface 
The Asset Standards Authority (ASA) is a key strategic branch of Transport for NSW (TfNSW). 

As the network design and standards authority for NSW Transport Assets, as specified in the 

ASA Charter, the ASA identifies, selects, develops, publishes, maintains and controls a suite of 

requirements documents on behalf of TfNSW, the asset owner. 

The ASA deploys TfNSW requirements for asset and safety assurance by creating and 

managing TfNSW's governance models, documents and processes. To achieve this, the ASA 

focuses on four primary tasks: 

• publishing and managing TfNSW's process and requirements documents including TfNSW

plans, standards, manuals and guides

• deploying TfNSW's Authorised Engineering Organisation (AEO) framework

• continuously improving TfNSW’s Asset Management Framework

• collaborating with the Transport cluster and industry through open engagement

The AEO framework authorises engineering organisations to supply and provide asset related 

products and services to TfNSW. It works to assure the safety, quality and fitness for purpose of 

those products and services over the asset's whole-of-life. AEOs are expected to demonstrate 

how they have applied the requirements of ASA documents, including TfNSW plans, standards 

and guides, when delivering assets and related services for TfNSW. 

Compliance with ASA requirements by itself is not sufficient to ensure satisfactory outcomes for 

NSW Transport Assets. The ASA expects that professional judgement be used by competent 

personnel when using ASA requirements to produce those outcomes. 

About this document 

This document specifies the whole-of-life performance requirements to guide the type approval 

of hybrid voltage limiters for use in indoor or outdoor applications in the RailCorp electrical 

network. 

This is a first issue. 
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1. Introduction
The operation of a direct current (dc) traction system and alternating current (ac) distribution 

network in a shared corridor presents unique challenges associated with the risk of stray dc 

current. Novel solutions are required to manage the competing controls for the mitigation of 

electric shock and for damage as a result of electrolysis corrosion. Refer to T HR EL 12002 GU 

Electrolysis for stray DC current and EN 50122-2: Railway applications – Fixed installations – 

Part 2: Provisions against the effects of stray currents caused by D.C. traction systems for 

further guidance on stray current. 

The solutions to both problems have traditionally required a compromise since the strategy of 

equipotential bonding and the use of a global earth return system has the potential to increase 

the risk of electrolysis. 

Transport for NSW (TfNSW) has identified the need for a hybrid voltage limiting device (HVLD) 

that is capable of blocking stray dc currents whilst providing the electrical continuity for ac 

earthing systems. This is required to mitigate hazards in the event of power frequency earth 

faults and lightning transients. 

2. Purpose
The purpose of this document is to provide the performance based technical requirements for 

the implementation of voltage limiters used to block stray dc current in situations where 

continuity is required for ac earthing systems. 

2.1. Scope 
The scope of this document is limited to voltage limiting devices (VLDs) which are to be 

implemented for the purpose of blocking stray dc current. Such devices are intended for use 

within the Transport network where an increased risk of electrolysis has been identified. This 

specification contains requirements for devices to be connected to the overhead earth wire 

(OHEW) of high voltage (HV) transmission lines, as well as the earth screens of HV cable 

feeders. 

This specification does not cover arrangements for cross bonding and cable jointing; refer to 

T HR EL 2004 ST High Voltage AC and 1500 V DC Traction Power Supply Cable Infrastructure 

– Standards for Design and Construction.
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2.2. Application 
This specification applies to the installation of HVLDs on the RailCorp electrical network; 

however devices procured to this specification will also be suitable for use on light rail power 

supply systems. 

This specification applies to all new infrastructure and for modifications to existing infrastructure 

deemed at risk of excessive stray current interference based on the criteria and methods of 

assessment noted in T LR EL 00001 ST Traction Power System Requirements. 

3. Reference documents
The following documents are cited in the text. For dated references, only the cited edition 

applies. For undated references, the latest edition of the referenced document applies. 

International standards 

EN 45545-2:2013 Railway Applications – Fire Protection on Railway Vehicles – Part 2: 

Requirements for Fire Behaviour of Materials and Components 

EN 50122-2: Railway applications – Fixed installations – Electrical safety, earthing and the 

return circuit – Part 2: Provisions against the effects of stray currents caused by D.C. traction 

systems 

EN 50526-1:2012: Railway Applications – Fixed Installations – D.C. Surge Arresters and 

Voltage Limiting Devices – Part 1: Surge Arresters 

EN 50526-2:2014: Railway Applications – Fixed Installations – D.C. Surge Arresters and 

Voltage Limiting Devices – Part 2: Voltage Limiting Devices 

IEC 60529:2001 Degrees of Protection Provided By Enclosures (IP Code) 

IEC 61643-11:2011 Low-voltage surge protective devices – Part 11: Surge protective devices 

connected to low-voltage power systems – Requirements and test methods 

Australian standards 

AS/NZS 1768:2007 Lightning protection 

AS/NZS ISO 9001:2016 Quality management systems – Requirements 

Transport for NSW standards 

EP 00 00 00 13 SP Electrical Power Equipment – Design Ranges Of Ambient Conditions 

T HR EL 01001 SP 11 kV Indoor Switchgear – SCADA Controlled 

T HR EL 12002 GU Electrolysis for Stray DC current 
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T HR EL 2004 ST High Voltage AC and 1500 V DC Traction Power Supply Cable Infrastructure 

– Standards for Design and Construction

T LR EL 00001 ST Traction Power System Requirements 

T MU AM 01010 ST Framework for Developing an Asset Spares Assessment and Strategy 

T MU AM 01003 ST Development of Technical Maintenance Plans 

T MU AM 06002 GU AEO Guide to Reliability, Availability and Maintainability 

T MU MD 00005 GU Type Approval of Products 

T MU MD 00009 ST AEO Authorisation Requirements 

Legislation 

NSW Government, Electricity Supply (Corrosion Protection) Regulation 2014 

NSW Government, Electricity Supply Act 1995 

Other reference documents 

NSW electrolysis committee 1992, Guide for measurement of interference caused by cathodic 

protection and railway drainage systems (red book) 

4. Terms and definitions
The following terms and definitions apply in this document: 

ac alternating current 

conductive structure the structures built from conductive materials, for example, steel OHW 

structures, steel bridges, steel bar reinforced concrete bridges, steel pedestrian footbridges, 

steel-bar reinforced concrete retaining walls, and steel-framed stairs 

dc direct current 

electrolysis an electrochemical reaction involving an electrolyte and metals which are carrying 

a dc current 

FAT factory acceptance test 

FMECA failure mode, effects, and criticality analysis - is an analysis procedure which 

documents all probable failures in a system within specified ground rules, determines by failure 

mode analysis the effect of each failure on system operation, identifies single failure points, and 

ranks each failure according to a severity classification of failure effect. 

HV high voltage 

HVLD hybrid voltage limiting device 
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LDNSP local distribution network service provider 

LV low voltage 

MTBF mean time between failures 

OHW overhead wiring (1500 V dc) 

OHEW overhead earth wire 

OHWS overhead wiring structure (1500 V dc) 

RMS root mean square 

SCADA supervisory control and data acquisition 

stray current a leakage current in the earth or in metallic structures buried in the earth and 

resulting from their intended or unintended earthing 

VLD voltage limiting device 

5. General requirements
The whole-of-life costs as well as safety, operational efficiency and sustainability of the device 

and supply chain should be considered when selecting a suitable HVLD. 

The relevant authorisation required for the design, procurement and implementation of a HVLD 

is the earthing, bonding, electrolysis and lightning protection (EBEL) authorisation. For further 

information regarding authorisation requirements, refer to T MU MD 00009 ST AEO 

Authorisation Requirements. 

5.1. Quality assurance 
HVLDs shall be sourced from suppliers that are certified to the latest edition of 

AS/NZS ISO 9001:2016 Quality Management Systems – Requirements. 

The performance of suppliers with respect to the quality of materials shall be monitored and 

recorded. The acceptance inspection and testing requirements may be adjusted as a result of 

the past performance of the supplier. 

5.2. Management of spares 
In its normal application, the preferred HVLD shall contain no parts that are subject to wear, and 

therefore shall be intended to be maintenance-free for the duration of its operating life. 

The spares strategy shall comply with the requirements of T MU AM 01010 ST Framework for 

Developing an Asset Spares Assessment and Strategy and shall take into account the 
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availability of the product (minimum quantities and delivery times) and the expected mean time 

between failures (MTBF); see Appendix A for examples. 

5.3. Type approval process 
A type approval is required in order to approve the use of a VLD in accordance with this 

specification. The type approval application shall be provided in accordance with 

T MU MD 00005 GU Type Approval of Products. 

The type approval application shall demonstrate compliance with this specification and shall 

also be submitted with a failure mode effects and criticality analysis (FMECA) analysis. The 

analysis shall be supported by testing and clearly define the failure modes and limitations of the 

HVLD with respect to the requirements of this specification. The type approval documents shall 

demonstrate the proposed HVLD meets the requirements of this document without catastrophic 

or destructive failure. 

6. Technical requirements and specifications
The technical requirements for the HVLD are provided in Section 6.1 to Section 6.3. 

6.1. Function and operation 
The requirements and considerations for the function and operation of a HVLD include the 

following: 

• basic function

• dc rail voltages

• triggering voltage

• leakage

• environmental conditions

6.1.1. Basic function 
The HVLD shall block the transmission of stray dc currents whilst providing the electrical 

continuity required to mitigate ac hazards associated with earth potential rise and fault current 

distribution in the event of power frequency earth faults and lightning transients. 

The preferred HVLD for installation on transmission lines and substations shall be class 2.2 with 

reference to EN 50526-2:2014 Railway Applications - Fixed Installations – D.c. Surge Arresters 

and Voltage Limiting Devices – Part 2: Voltage Limiting Devices and shall be a passive device 
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that does not require an auxiliary supply. Options for class 3 and class 4 voltage limiters (with 

voltage sensing circuitry and contactors) may be considered for installation in certain locations, 

see Section 8 for further details. 

The preferred HVLD shall consist of voltage limiting and voltage switching components as 

described in AS/NZS 1768 Lightning protection. The voltage switching components shall be of 

the bidirectional type. Figure 1 illustrates the bidirectional switching concept using two 

antiparallel thyristors as the method of switching between high and low resistance status. The 

switching components shall be protected by built-in metal-oxide surge arrester (without spark 

gaps) connected in parallel. 

Figure 1 – HVLD principle circuit 

A voltage rise greater than the triggering voltage between the earthing system and cable 

screens or OHEW to which the HVLD is connected shall operate the switching components. 

The HVLD will become conductive, connecting the screens or OHEW to the earthing system 

providing protection against touch voltages caused by power system faults. The HVLD shall 

recover to a non-conductive state and remain non-conductive for voltages below the non- 

triggering voltage. The surge arrestor component will safely conduct lightning surges and 

switching transients. The device shall recover to normal operation within a matter of minutes 

after faults and transients have been cleared. 

6.1.2. Considerations for dc rail voltages 
Typically the majority of rail to earth voltage will appear across the rail insulation system. 

Structures within the influence of stray currents which are deemed at risk are likely to 

experience potentials that are orders of magnitude lower than the full rail to earth voltage. The 

distributed stray current leakage is typically in the order of milliamps to amps although in some 

instances may be higher. In order to ensure blocking of stray current, the triggering voltages of 

any prospective HVLD shall account for the typical rail to earth voltage limits; see Section 6.1.3 

for triggering limits. 
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6.1.3. Triggering voltages 
The triggering voltages for operating the HVLD shall comply with the following requirements: 

• nominal triggering voltage UTn 120 V (within 100 ms)

• non-triggering voltage Uw 100 V

• instantaneous triggering voltage UTi at 5 ms 190 V

These triggering voltage values using European notations are dc or equivalent ac root mean 

square (RMS) values. 

The device minimum holding current shall be clearly identified. This is the minimum current 

required to keep the device from returning to an open state once it has become conductive. This 

shall be coordinated with the minimum level of expected stray current. 

Consideration shall be made for allowable standing ac voltages on a metallic cable screen. 

6.1.4. Leakage 
The intention of the HVLD device is to block stray current distribution to adjacent infrastructure 

earthing systems. Given the preferred device is solid state, current leakage is expected; 

however should be limited as much as possible. 

Current leakage shall not exceed 0.2 mA. 

6.1.5. Environmental conditions 
The HVLD shall function in accordance with the operating environments outlined in 

EP 00 00 00 13 SP Electrical Power Equipment – Design Ranges of Ambient Conditions. In the 

Greater Sydney region the HVLD shall operate from -5 °C up to a temperature of 50 °C. The 

intention is to cater for an ambient temperature of 47 °C and allow for three degrees of heating 

above temperature of the HVLD due to solar radiation. 

The HVLD housing shall be weatherproof to IP4x for indoor applications and, IPx7 for outdoor 

applications in accordance with IEC 60529:2001 Degrees of Protection Provided by Enclosures 

(IP Code). 

Fire and smoke behaviour shall be tested and classified in accordance with EN 45545-2:2013 

Railway applications. Fire protection on railway vehicles. Requirements for fire behaviour of 

materials and components. 
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6.2. Ratings 
The HVLD shall comply with requirements in Section 6.2.1 to Section 6.2.3 for lightning impulse 

withstand, ac and dc fault current withstand ratings. Evidence is required to demonstrate that 

the HVLD has been tested to failure and shall fail safe, becoming a short circuit when limits for 

recovery have been exceeded. 

6.2.1. Lightning surges 
The built in surge arrester shall protect the HVLD against lightning surges for direct and indirect 

strikes and shall comply with the general requirements of EN 50526-1:2012 Railway 

Applications – Fixed Installations – D.c. Surge Arresters and Voltage Limiting Devices – Part 1: 

Surge Arresters and AS/NZS 1768 for surge protective devices (SPDs) and shall have a 

minimum arrestor line discharge class 4 (equivalent classification of SH) in accordance with 

IEC 60099-4. 

Technical data of metal-oxide surge arrester line discharge class 4 according to IEC 60099-4 is 

as follows: 

• nominal discharge current In: 20 kA 8/20 μs

• high current impulse Ihc: 100 kA 4/10 μs

• residual voltage Vres / Ures at nominal discharge current In: 380 V

• long duration current impulse Irec: 1350 A / 2000 μs

• energy per long duration current impulse: 735 J

The surge arrester component shall also have a lightning current impulse withstand in 

accordance with IEC 61643-11:2011 Low-voltage surge protective devices – Part 11: Surge 

protective devices connected to low-voltage power systems – Requirements and test methods 

of 10 kA 10/350 μs. 

6.2.2. DC fault current withstand 
Unlike a spark gap the HVLD is not intended to provide a direct path for dc fault current. The 

HVLD shall be able to withstand the share of dc fault current that can reasonably be expected to 

pass to the substation through an OHEW or cable screen. 

Due to the unknowns regarding fault configuration, arc resistances, soil properties and rail 

insulation from earth in each specific location as a guideline the HVLD shall withstand half of the 

dc reactor let through, I2t; refer to T HR EL 03004 SP 1500 V DC Reactor and 
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T HR EL 90003 ST Heavy Rail Traction System – Current Ratings of 1500 V dc Equipment for 

further details. 

Where a HVLD is required to be installed on the cable screens of a dc overhead wiring feeder 

structure the device shall withstand the maximum dc fault current expected on the structure. 

6.2.3. AC fault current withstand 
The HVLD may experience all or a portion of the current from an ac fault occurring at a pole, 

substation or at another location in the network. The HVLD shall withstand the maximum single 

phase to earth fault current for each location to which it is applied for the associated backup 

clearing time, and recover to normal operation. 

The switching components shall have an on-state current IT RMS of 1000 A. This is the 

maximum on state RMS current that can be applied to the thyristor terminals continuously. 

As a minimum the HVLD shall be capable of withstanding an ac fault of 10 kA for one second. 

6.3. Installation 
The HVLD is intended to be installed on assets which are deemed at risk and may including HV 

transmission lines (such as steel poles) and HV feeder cable screens located within system 

substations and distribution substations. A detail design is required to confirm the location, 

connection details and mounting arrangements. The installation of a HVLD in existing 

substations shall not impact negatively on the compliance of the substation with regard to 

clearance requirements. 

6.3.1. Connection to overhead earth wire 
The HVLD shall be installed on each transmission pole which is deemed at risk of conducting 

stray current. 

The HVLD shall not require the installation of down leads on steel transmission lines; however 

the HVLD shall be designed to facilitate any inspection or testing without the need for isolation 

of the transmission line. 

For steel poles the intention is that the HVLD is fitted between the conductive structure (HV 

aerial pole) and the parallel path that provides a possible route for stray traction current (the 

OHEW). The HVLD shall be mounted on the steel pole close to the OHEW connection point. 

The HVLD shall include a pair of threaded holes at the base for mounting using an attachment 

plate or mounting bracket suitable for the application. 

For mounting on steel poles, fixings shall be made to suit ferrules provided on the pole. 
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Screws shall be tightened with a tightening torque in accordance with manufacturer 

specifications. A torque wrench shall be used for this purpose. Bolts, screws and nuts shall be 

ISO metric. 

The base or the wall or the bearer for the HVLD shall be flat, clean and suitable for the load. 

Contact surfaces shall be carefully cleaned before mounting and lubricated with acid-free 

contact grease. 

6.3.2. Connection to cable screens 
The HVLD shall be connected between the insulated cable screen earth bar and the switchgear 

earth bar. The device shall be mounted as close as possible to the switchgear cable screen 

termination bar. The wiring length between the insulated cable screen earth bar, the HVLD and 

the switchgear earth bar shall be kept to a minimum length to minimise the impact on surge 

suppression capability and limit overvoltage due to lightning surges as described in 

AS/NZS 1768. Only one end of a cable screen is required to have a HVLD installed. 

The HV cable screens closest to the supplying transformer star point, in the normal supply 

configuration, shall remain solidly bonded using removable links with the device installed on the 

cable screen at the opposite end of the feeder (see Figure 2). 

Figure 2 – HVLD concept for cable screens at system substations 

To assist with the future integration of such devices, provisions have been made for switchgear 

earth bar arrangements to accommodate the connection of decoupling devices such as 

transient earth clamp (TEC) or HVLDs. For further information regarding switchgear earthing, 

refer to T HR EL 01001 SP 11 kV Indoor Switchgear – SCADA Controlled. 
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7. Supervisory control and data acquisition
Monitoring of stray current and indication of HVLD status is preferred. Connection through the 

supervisory control and data acquisition (SCADA) network is required for monitored systems at 

locations where a SCADA remote terminal unit (RTU) is readily available such as in a traction 

substation. Wireless battery operated monitoring systems may be considered for installations 

where an existing auxiliary supply is not available. In addition to monitoring and indication of 

status, capability for remote operation shall be required for class 3 and class 4 voltage limiters. 

8. Testing and maintenance
The installation of a HVLD shall not impede the ability to undertake earth testing on connected 

cables. A facility for a temporary bypass shall be provided to allow the cable screens to be 

directly earthed during testing. 

8.1. Acceptance testing 
The organisation receiving the device shall check that appropriate compliance and test 

certificates are provided by the supplier as part of their user acceptance testing process. The 

device received shall also be inspected to ensure that it is fit for installation. 

8.2. Factory acceptance test 
The thyristor circuit shall be tested using methods and pass criteria in accordance with 

EN 50526-2. The following factory acceptance tests (FAT) shall be performed: 

• nominal triggering and non-triggering voltage for dc and for ac triggering voltages

• leakage current

• ac and dc current withstand

• response time for ac and dc voltages

• reverse voltage test

• degree of protection

• environmental tests

The built in surge arrester shall be tested using methods and pass criteria described in 

EN 50526-1:2012. 

Details of all FAT and certifications shall be provided as part of the type approval process. 
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8.3. Technical maintenance plan 
A technical maintenance plan (TMP) is required to be developed in accordance with 

T MU AM 01003 ST Development of Technical Maintenance Plans to document inspection, 

maintenance and testing procedures and intervals. The FMECA analysis shall identify the 

minimum intervals requirements for inspection and testing. The testing and maintenance plan 

should also consider existing routine maintenance practice for associated assets such as in the 

case of transmission lines and attempt to identify opportunities for consolidating the number of 

inspections where possible. 

9. Training requirements
The operator’s manual, shall be provided which covers as a minimum basis of assembly, 

installation and maintenance training. Any additional training requirements associated with 

performance testing and inspections shall also be developed and documented. 
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Appendix A Failure mode effects and criticality 
analysis 

The FMECA should be conducted in accordance with T MU AM 06002 GU AEO Guide to 

Reliability, Availability and Maintainability. Section A1 contains an example calculation of MTBF 

used to undertake FMECA. 

A.1. Mean time before failure
The HVLD is a protective device and therefore overloading can never be completely excluded. 

Depending on the number of units in operation, it is recommended that a suitable number of 

spare units is kept in reserve. 

A FMECA analysis is required to be carried out for each type approved product. A gap analysis 

shall be provided for each application which is intended to be installed in different locations 

throughout the network. The following failure data is applicable to 33 kV transmission lines: 

• The probability of any lightning strike exceeding the rated surge 100 kA 4/10 μs is 5%

(according to the CIGRE and IEEE stroke current probability curves). The frequency of

lightning strikes to the earth wire of a typical steel pole 33 kV and 11 kV aerial line with

earth wire at a height of 18.5 m above ground is 28 per 100 km-years (calculated using the

EPRI program SFFOR99). Accordingly, the length of the section of line between steel

poles is used to calculate the frequency of strikes to the line greater than 100 kA per year

is 0.15, or in other words, one per seven years. At this frequency, one unit could fail, but

would tend to nevertheless protect the remaining HVLDs. The MTBF of any individual

HVLD in this failure mode, with all 115 poles having HVL is thus 805 years or seven million

hours.

• Assuming the frequency of 33 kV faults on the aerial line is seven per year, and assuming

that primary protection fails once per every 100 faults, then the incidence of a 33 kV fault

clearing at the secondary clearing time on the aerial line is 0.07 per year or once per

14 years. If the current split shares between different or several units then the fault is most

likely within the unit’s capability.

However if the fault is not split and is carried by one unit then it will quite likely fail (this

analysis has not been carried out as the secondary clearing time is not known).

Accordingly we conservatively estimate the failure rate is one unit every 14 years or

122,640 hours, and the MTBF of the unit becomes 14 million hours.
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• The frequency of significant dc faults on the negative return path that might cause high dc

currents returning through the OHEW of the parallel aerial line is not known but is assumed

to be lower than the frequency of 33 kV faults which fail to clear on primary protection.

If the manufacturer advises that normal wear and tear on the unit would result in a typical 

design life of 30 years and the FMECA analysis has recommended to keep five spares. The 

probability of having a spare available when required due to a failure would then be above 99% 

and a 30 year service life is consistent with this spares holding. 
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