
Passenger Rolling Stock 1500 V DC 
Overhead Power Supply Interface 
Requirements 

T HR RS 11119 ST 

Standard 

Version 3.0 

Issue date: 27 June 2019 

© State of NSW through Transport for NSW 2019 



T HR RS 11119 ST 
Passenger Rolling Stock 1500 V DC Overhead Power Supply Interface Requirements 

Version 3.0 
Issue date: 27 June 2019 

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 
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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 standard relates to the interface requirements between electric rolling stock and the 

overhead wiring (OHW) system for Transport for NSW (TfNSW) passenger rolling stock. 

This is the third issue of this document. 

This version incorporates requirements from TN 022:2018 that amended the requirements that 

relate to performance characteristics and frame insulators for pantographs in Section 6.5 and 

Section 7.1. 

© State of NSW through Transport for NSW 2019 Page 4 of 14 



T HR RS 11119 ST 
Passenger Rolling Stock 1500 V DC Overhead Power Supply Interface Requirements 

Version 3.0 
Issue date: 27 June 2019 

Table of contents 
1. Introduction .............................................................................................................................................. 6

2. Purpose .................................................................................................................................................... 6
2.1. Scope ..................................................................................................................................................... 6 
2.2. Application ............................................................................................................................................. 6 

3. Reference documents ............................................................................................................................. 7

4. Terms and definitions ............................................................................................................................. 8

5. General requirements ............................................................................................................................. 8

6. Interface requirements ............................................................................................................................ 8
6.1. Surge arrester ........................................................................................................................................ 8 
6.2. Existing contact wire system .................................................................................................................. 9 
6.3. Contact wire tension .............................................................................................................................. 9 
6.4. Contact wire gradient ............................................................................................................................. 9 
6.5. Performance characteristics of the pantograph ................................................................................... 10 
6.6. Physical characteristics ....................................................................................................................... 10 
6.7. Electrical clearances ............................................................................................................................ 11 
6.8. HV protective switching capacity ......................................................................................................... 11 
6.9. Pantograph contact material ................................................................................................................ 12 

7. Pantograph components ...................................................................................................................... 12
7.1. Pantograph frame insulators................................................................................................................ 12 
7.2. Electrical connections .......................................................................................................................... 12 
7.3. Pneumatic hoses ................................................................................................................................. 12 
7.4. Bearings ............................................................................................................................................... 13 
7.5. Shunts .................................................................................................................................................. 13 

Appendix A Suggested reading ............................................................................................................ 14 

© State of NSW through Transport for NSW 2019 Page 5 of 14 



T HR RS 11119 ST 
Passenger Rolling Stock 1500 V DC Overhead Power Supply Interface Requirements 

Version 3.0 
Issue date: 27 June 2019 

1. Introduction
This standard provides the interface requirements between electric rolling stock and the 

overhead wiring (OHW) system for Transport for NSW (TfNSW) passenger rolling stock. 

This standard points to international and national standards as normative references and 

provides details on their application to TfNSW passenger rolling stock. 

The pantograph on a train is the interface between the rolling stock and the OHW system. The 

power demand of the train based electrical systems and components influence the RailCorp 

power supply system. 

The OHW electrical supply system is defined and explained in T HR EL 90003 ST Heavy Rail 

Current Ratings of 1500 V DC Equipment, T HR EL 90002 ST Heavy Rail Traction System – 

Voltage Ratings, and T HR EL 08009 ST Designations of Overhead Wiring Conductor Systems. 

This system is made of components that make power available to trains for traction and 

auxiliary supply. 

2. Purpose
This document details the interface requirements for the transfer of electric power between 

electric rolling stock and the OHW system in both directions. 

2.1. Scope 
This document addresses the main power supply system on a train from the pantograph to the 

line side of the train borne high-speed circuit breaker and includes the following: 

• the physical and performance characteristics of the pantograph

• high voltage (HV) switching capacity

• use of appropriate construction materials

• environmental impact

2.2. Application 
This standard applies to new TfNSW passenger rolling stock and refurbishment or modifications 

to existing TfNSW rolling stock assets. 

Contracts and tenders for new or modified passenger rolling stock entered into before the 

standard issue date are exempt from the requirements of this standard unless otherwise 

directed by the TfNSW contract administrator. 
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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 50153 Railway Applications – Rolling Stock – Protective Provisions Relating to Electrical 

Hazards 

EN 60077-1 Railway Applications – Electric Equipment for Rolling Stock – Part 1: General 

Service Conditions and General Rules 

EN 60077-2 Railway applications – Electric equipment for Rolling Stock – Part 2: 

Electrotechnical components – General rules 

IEC 60494-1 Railway Applications – Rolling stock - Pantographs – Characteristics and tests – 

Part 1: Pantographs for main line vehicles 

Transport for NSW standards 

EP 00 00 00 13 SP Electrical Power Equipment - Design Ranges of Ambient Conditions 

T HR EL 08009 ST Designations of Overhead Wiring Conductor Systems 

T HR EL 08011 ST Overhead Wiring Maintenance Standards 

T HR EL 08012 ST Overhead Wiring Standards for Design and Construction 

T HR EL 90002 ST Heavy Rail Traction System – Voltage Ratings 

T HR EL 90003 ST Heavy Rail Traction System – Current Ratings of 1500 V DC Equipment 

T HR RS 00100 ST RSU 100 Series – Minimum Operating Standards for Rolling Stock – 

General Interface Requirements 

T HR RS 00117 ST Electric Circuits and Equipment for Passenger Rolling Stock 

T HR RS 00850 ST RSU Appendix E – Rolling Stock 1500 V DC Overhead Power Supply 

Interface Requirements 

T HR RS 01701 ST Mounting and Installation of Electrical Equipment 

T MU RS 00164 ST Cables for Passenger Rolling Stock 

T MU RS 17002 ST Prohibited and Restricted Materials 

Legislation 

Rail Safety National Law (NSW) 

Work Health and Safety Act 2011 

Work Health and Safety Regulation 2011 
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4. Terms and definitions
The following terms and definitions apply in this document: 

contact wire gradient the ratio of the difference in height of the contact wire at two successive 

supports to the length of the bay 

dc direct current 

HV high voltage 

OHW overhead wiring 

pantograph the interface between the rolling stock and the OHW system. It is a device located 

on top of a rail vehicle which provides a mechanical and electrical interface with the overhead 

contact wire by means of a sliding contact. 

TfNSW Transport for NSW 

5. General requirements
In addition to this standard, the following standards apply to the construction, mounting, and 

installation of electrical equipment that forms the electrical interface: 

• T HR RS 00117 ST Electric Circuits and Equipment for Passenger Rolling Stock

• T HR RS 00164 ST Electrical Cable for Passenger Rolling Stock

• T HR RS 01701 ST Mounting and Installation of Electrical Equipment

6. Interface requirements
The pantograph system acts as the interface between the OHW system and rolling stock and 

enables the flow of electrical energy using a sliding electrical contact between the stationary 

trackside OHW system and the moving train. Pantographs may have either a single arm or a 

double arm. 

Electrical energy shall be able to flow in either direction across this electromechanical interface 

depending on whether a train is drawing power or generating power to provide a braking effort 

from its electric motors. 

6.1. Surge arrester 
Rolling stock shall be fitted with surge arresters that are compatible with the requirements of the 

following standards: 

• T HR RS 00850 ST RSU Appendix E – Rolling Stock 1500 V DC Overhead Power Supply

Interface Requirements

• T HR EL 08012 ST Overhead Wiring Standards for Design and Construction
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6.2. Existing contact wire system 
Descriptions of the different OHW conductor systems used in the TfNSW network are in 

T HR EL 08009 ST. 

The contact wire of the OHW is staggered in the horizontal plane to encourage even wear 

across the working surfaces of the pantograph contact material. 

The maximum displacement of the contact wire under wind conditions is given in the general 

requirements for OHW conductors in T HR EL 08012 ST. This does not take into account track 

or vehicle tolerances. 

The maintenance triggers for conductors for in service OHW are in T HR EL 08011 ST 

Overhead Wiring Maintenance Standards. 

Base safety and operating limits for in-service OHW are in T HR EL 08011 ST. 

T HR EL 08012 ST shows the contact wire heights above rail for both fixed anchored and 

regulated systems. 

The lowest allowable contact wire height on the RailCorp electrical network occurs in the City 

Underground and Eastern Suburbs Railway tunnels and is 4.52 metres above rail. 

The base safety and operating limits for minimum contact wire height are in T HR EL 08011 ST. 

The approved overhead wiring conductor systems for new work are in T HR EL 08012 ST. 

6.3. Contact wire tension 
The contact wire tension is influenced by the type of conductor systems used in the design and 

variations in the ambient temperatures under which they operate. 

The range of conductor systems and the design contact wire tension at the design temperature 

for each system is in T HR EL 08009 ST. 

The ranges of ambient conditions within which OHW equipment used on the RailCorp electrical 

network is designed to operate is in EP 00 00 00 13 SP Electrical Power Equipment – Design 

Ranges of Ambient Conditions. 

The allowable contact wire tension change for regulated overhead wiring is given in 

T HR EL 08012 ST. 

6.4. Contact wire gradient 
The contact wire gradient is the vertical rate of change of the contact wire in the OHW system. 

The existing OHW system has large variations in contact wire gradient. 

Contact wire gradients used for new work are in T HR EL 08012 ST. 

The maintenance triggers for in service OHW conductors are in T HR EL 08011 ST. 
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6.5. Performance characteristics of the pantograph 
Smooth reliable operation of electric trains requires continuous electrical contact between the 

pantograph current collection device and the overhead contact wire. 

The pantograph shall remain in continuous electrical contact with the contact wire at any speed 

up to the maximum operating speed plus any design over speed (typically 10%). 

The pantograph shall be designed to minimise the effect of irregularities in the overhead wire. 

The pantograph design shall take into account the dynamic lateral movement caused by track 

geometrical deviation and train body movement in T HR EL 08012 ST. 

The pantograph shall be capable of rising to its unrestricted full height in eight seconds or less 

under static conditions. 

The pantograph shall be capable of falling from its unrestricted full height to a position within the 

applicable rolling stock outline, excluding the area designated for the pantograph, within three 

seconds of the initiating operation. 

The pantograph shall be fitted with an auto-drop system that causes the pantograph to 

automatically lower following any damage to the collector head which may result in its failure or 

entanglement in the overhead. 

Such damage may include, but is not limited to the contact collector strip (carbon) being 

dislodged, damaged or worn past condemning size. 

In the event of the pantograph exceeding 6000 mm height above the rail, the pantograph shall 

automatically return to the collapsed position within three seconds. 

Pantographs shall have a minimum free height of 6000 mm above railhead level on level track 

when any height limit function is disabled. 

6.6. Physical characteristics 
Pantographs have physical characteristic requirements regarding their position, movement, 

dimensions, drag, and resistance to damage. 

Pantographs shall be adjustable for upwards static thrust, or pantograph pressure, in 

accordance with T HR RS 00850 ST RSU Appendix E – Rolling Stock 1500 V DC Overhead 

Power Supply Interface Requirements and T HR EL 08012 ST. 

Pantograph thrust shall be set at the minimum value consistent with achieving the required 

dynamic performance. 

When in the lowered position, all parts of the pantograph shall fit within the applicable rolling 

stock outline. 
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The horizontal drag of the pantograph on the contact wire shall not exceed the force stated in 

T HR RS 00850 ST. 

The total pantograph dynamic upward thrust at any train speed up to the maximum operating 

speed plus any design over speed (typically 10%) shall not exceed the conditions in 

T HR RS 00850 ST. 

Carbon contact carriers shall maintain structural integrity for the life of the contact carbons and 

resist damage due to arcing at the contact interface. 

To minimise lateral throw on track curves, pantographs shall be located at or as near as 

possible to the vehicle bogie vertical centreline. 

6.7. Electrical clearances 
The electrical clearances applied are influenced by climatic conditions. Torrential rain may occur 

on all points of the network and occasional snowfalls occur in winter at altitudes above 300 m. 

Extremely dry, dusty conditions are prevalent in summer. Certain lines in the Sydney suburban 

and outer suburban areas run near the coast where salt-laden atmospheric conditions occur. 

Rolling stock is washed at facilities using acidic and alkaline cleaning chemicals applied by 

spray. 

The electrical clearance distance between any part of the pantograph energised at the potential 

of the OHW and any part of the car body shall be calculated in accordance with EN 60077-1 

Railway Applications – Electric Equipment for Rolling Stock – Part 1: General Service 

Conditions and General Rules. 

6.8. HV protective switching capacity 
Pantographs shall be designed to withstand the prospective fault currents provided in Table 1. 

Table 1 – Prospective fault currents 

Current 3000 A 6000 A 14000 A 

Inductance 25 mH 10 mH 4 mH 

Train borne HV protective switchgear shall be able to rupture the prospective fault currents 

provided in Table 1, with the specified inductance in circuit, and at an open circuit voltage of 

1650 V. 

The primary HV protection device shall be located within two metres of the connection to the 

pantograph and before the HV connection enters the car body. 
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6.9. Pantograph contact material 
The material used for the part of the pantograph that makes contact with the OHW has 

operation, service life, environmental and safety requirements. 

The composition of the contact collector strip material shall be optimised for the vehicle 

operating characteristics and maximise service life for both the contact collector strip and the 

contact wire. 

The carbon insert shall not include lead or any other prohibited materials, as detailed within 

T MU RS 17002 ST Prohibited and Restricted Materials. 

7. Pantograph components
Major components of a pantograph are discussed in Section 7.1 through to Section 7.5. 

7.1. Pantograph frame insulators 
Pantograph insulators shall be impact resistant. 

The pantograph frame insulators shall electrically isolate the pantograph base frame from the 

car body. The pantograph frame insulators shall be resistant to arc tracking and be of a high 

quality and high strength moulded or cast insulating material and shall be service proven. 

Pantograph frame insulators shall have a minimum dielectric strength of 40 kV dry, with 

compressive and cantilever strengths appropriate for the operating environment, the installation 

and functional requirements. 

7.2. Electrical connections 
HV definition is determined according to the requirements of EN 50153 Railway Applications – 

Rolling Stock – Protective Provisions Relating to Electrical Hazards. 

The HV cable connection to the pantograph shall be made by a two-hole crimp-style flat 

terminal lug on the vehicle primary power cable that is secured to a pad using bolts, nuts and 

locking washers. 

7.3. Pneumatic hoses 
Materials for pantograph pneumatic hoses shall allow the hose to maintain mechanical and 

electrical integrity after long term exposure to ultraviolet (UV) radiation. 

Materials for pantograph pneumatic hoses shall be non-conductive and resistant to surface 

tracking. 
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7.4. Bearings 
Bearings shall be of the high-performance type and sealed against the ingress of water and 

dust. Sealed bearings that do not require lubrication between major overhauls are preferred. 

Sealed bearings of the non-lubricated type may be used in the place of lubricated bearings, if 

the pantograph manufacturer guarantees that such bearings, when used in the application, shall 

have a design life in accordance with IEC 60494-1 Railway applications – Rolling Stock – 

Pantographs – Characteristics and tests – Part 1: Pantographs for main line vehicles. 

7.5. Shunts 
Current carrying shunts shall be extra-flexible copper with tinned copper lugs at each end. 

Extra-flexible braided conductors of tinned copper wire with tinned copper lugs at each end are 

preferred. 

The lugs shall be pressure crimped to the conductors. 

Where braided shunts are used the end of the lug where the conductors exit shall be flared to 

prevent damage to the conductors. 
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Appendix A Suggested reading 
The following documents contain information that supplement the information in this standard 

and are suggested reading: 

• EN 60077-2 Railway applications – Electric equipment for Rolling Stock – Part 2:

Electrotechnical components – General rules

• T HR RS 00100 ST RSU 100 Series – Minimum Operating Standards for Rolling Stock –

General Interface Requirements

• Rail Safety National Law

• Work Health and Safety Act, 2011

• Work Health and Safety Regulation, 2011
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