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Abstract: This recommended practice provides a set of guidelines that can be used by the 
operators of new start-up systems seeking guidance in developing manuals, methods, practices, 
and procedures for the safe and effective maintenance of their Overhead Contact System (OCS), 
or by the maintenance organizations of existing well-established systems to amplify or refine their 
existing practices. This recommended practice provides general recommendations for performing 
maintenance work on dc OCS for transit systems. These recommendations are based on sound 
engineering principles, engineering safety considerations and field experience by many transit 
agencies. Included are technical explanations to cover certain testing of tools and equipment; 
field maintenance and care of tools and equipment; work methods for the maintenance of the 
OCS; and recommended safety practices and procedures for persons working in the vicinity of 
energized lines. Since local conditions and circumstances differ from one transit agency to the 
next, acceptance or rejection of any or all of the recommendations contained therein is left to the 
discretion of the individual agency, which should determine their applicability to its proposed or 
existing operating practices and procedures. It is not intended that the guidelines replace present 
proven transit agency procedures or that the recommended practices form the basis for a 
mandatory standard. 
Keywords: auto-tension, backbone, balance weight, cantilever, catenary, contact wire, cross-
span, door bridge, electric trolleybus, electrification, ETB, fixed termination, headspan, hi-rail, 
insulator, jumper, maintenance, messenger wire, OCS, overhead contact system, pantograph, 
qualified person, section insulator, special work, surge arrester, trolley, trolley pole 
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Introduction 

This introduction is not part of IEEE Std 1628-2008, IEEE Recommended Practice for Maintenance of DC Overhead 
Contact Systems for Transit Systems. 

The vast majority of the presently operating electrified rail transit systems use overhead contact systems 
(OCS) or third rail to supply direct-current (dc) power to the rail vehicles. The OCS Sub-Committee for 
Rail Transit Systems was formed in 2001 with the purpose of developing standards and guidelines 
governing the design, construction, and maintenance of OCS for transit systems. One of the primary 
concerns of the committee, regarding OCS for light rail and electric trolleybus (ETB) systems, was the lack 
of uniform practices for the maintenance of the OCS, including but not limited to the structural supports, 
components and hardware, system parameters and operating procedures, and equipment. 

The purpose of this recommended practice is to provide a set of guidelines that can be used by the operators 
of new start-up systems to develop manuals, safety guidelines, practices, and procedures for effective 
maintenance of their OCS, or by the maintenance organizations of existing well-established systems to 
amplify or refine their existing practices. It is not intended that these recommended practices form the basis 
for a mandatory standard. Acceptance or rejection of any or all of the recommendations contained herein is 
left to the discretion of the individual agency, which should determine their applicability to its proposed or 
existing operating practices and procedures. 
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Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply compliance to any applicable regulatory requirements. 
Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.  

Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE documents 

Users of IEEE standards should be aware that these documents may be superseded at any time by the 
issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
a given document is the current edition and whether it has been amended through the issuance of 
amendments, corrigenda, or errata, visit the IEEE Standards Association Web site at 
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA Web site at http://standards.ieee.org. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL:  
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL 
for errata periodically. 

Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ 
index.html. 
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Patents 

Attention is called to the possibility that implementation of this recommended practice may require use of 
subject matter covered by patent rights. By publication of this recommended practice, no position is taken 
with respect to the existence or validity of any patent rights in connection therewith. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this recommended practice are expressly 
advised that determination of the validity of any patent rights, and the risk of infringement of such rights, is 
entirely their own responsibility. Further information may be obtained from the IEEE Standards 
Association. 
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IEEE Recommended Practice  
for Maintenance of DC  
Overhead Contact Systems for  
Transit Systems 

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or 
environmental protection in all circumstances. Implementers of the standard are responsible for 
determining appropriate safety, security, environmental, and health practices or regulatory 
requirements. 

This IEEE document is made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers appear in all publications containing this document and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” 
They can also be obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/ 
disclaimers.html. 

1. Overview 

1.1 Scope 

This recommended practice provides overhead contact system maintenance practices and procedures 
including maintenance techniques, site inspection and test procedures, and maintenance tolerances, for 
heavy rail, light rail, and trolley bus systems. 

1.2 Purpose 

There are no known industry-wide guidelines. Guidelines will result in improved reliability and reduced 
maintenance costs of overhead contact systems for transit. 

1.3 Application 

The OCS Sub-Committee for Rail Transit Systems was formed in 2001 with the purpose of developing 
standards and guidelines governing the design, construction, and maintenance of overhead contact system 
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(OCS) for direct current (dc) transit systems. One of the primary concerns of the committee, regarding OCS 
for rail and electric trolleybus (ETB) systems, was the lack of uniform practices for the maintenance of the 
OCS, including but not limited to the structural supports, components and hardware, system parameters, 
operating procedures, and equipment. 

This recommended practice provides general recommendations for performing maintenance work on dc 
OCS for transit systems. These recommendations are based on sound engineering principles, engineering 
safety considerations, and field experience by many transit agencies. Included are technical explanations to 
cover certain testing of tools and equipment; field maintenance and care of tools and equipment; work 
methods for the maintenance of the OCS; and recommended safety practices and procedures for persons 
working in the vicinity of energized lines. 

This recommended practice also provides a set of guidelines that can be used by the operators of new start-
up systems to develop manuals, practices and procedures for the safe and effective maintenance of their 
OCS, or by the maintenance organizations of existing well-established systems to amplify or refine their 
existing practices. Acceptance or rejection of any or all of the recommendations contained herein is left to 
the discretion of the individual agency, which should determine their applicability to its proposed or 
existing operating practices and procedures. This recommended practice: 

⎯ In one guide, details some of the methods and equipment that can enable the performance of 
systematic maintenance with minimized safety risks. 

⎯ Provides guidance for safety in work areas for maintenance personnel. 

⎯ Directs attention to appropriate standards and other documents for the acquisition of knowledge on 
the care and use of required tools and equipment. 

⎯ Provides guidance on the type of visual inspections and preventive maintenance that should be 
performed and documented and the approaches to possible major maintenance issues. 

This recommended practice covers most aspects of OCS maintenance. However, since local conditions and 
circumstances differ from one transit agency to the next, a variety of methods that have been successfully 
employed are presented. 

The approach used within this recommended practice is as follows: 

a) To outline the engineering, technical, and safety considerations essential for the performance of 
OCS maintenance. 

b) To provide guidance for the selection and use of tools and equipment required for OCS 
maintenance. 

c) To provide guidance for the necessary testing and care of tools and equipment. 

d) To outline the recommended methods for working on or near energized lines and associated 
devices. 

e) To identify those elements of an OCS that should be inspected on a regular basis. 

f) To provide guidance for accomplishing major maintenance tasks or system upgrades. 

It is not intended that this guide should replace present proven transit agency practices, but is provided to 
assist transit agencies that are seeking guidance in establishing methods and procedures for maintenance of 
OCS. As such, it is not intended that this guide establish a mandatory standard for maintenance of these 
systems. 
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1.4 Other requirements 

Requirements of federal, state, provincial, or local regulations should be observed. If any conflict exists 
between this recommended practice and the rules established by the owner of the transit system, the owner 
should determine and confirm which rules should take precedence. 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments or corrigenda) applies. 

Accredited Standards Committee C2-2007, National Electrical Safety Code® (NESC®).1,2 

ASTM D120-09, Standard Specification for Rubber Insulating Gloves3 

3. Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary: Glossary of Terms & Definitions should be referenced for terms not defined in this clause.4  

contact wire: The conductor that is in “contact” with the pantograph collector head or trolley pole collector 
shoe through which the vehicle draws current. Trolley wire is synonymous with contact wire, but is the 
term used mainly by streetcar systems and rubber-tired ETB systems using trolley poles. 

messenger wire: Used in many applications as a supporting wire, e.g., utility insulated cable distribution 
systems frequently use an uninsulated, galvanized, stranded steel wire to support the cable. The messenger 
wire in catenary styles supports the contact wire both mechanically and electrically, since it is part of the 
current-carrying conductor system. 

pantograph: A spring-loaded, linked framework mounted on top of the rail vehicle or streetcar, which 
moves in a vertical plane to accommodate changes in the height of the contact wire and is the mechanism 
through which power for the vehicle is collected from the contact wire distribution system. 

trolley pole: A hinged, spring-loaded pole, mounted on top of ETB cars and streetcars, with either a 
collector shoe or wheel collector at the upper, outer end, through which power for the vehicle is collected 
from the contact wire distribution system. 

3.1 Qualified person 

A person who, by reason of instruction, training, and experience, is familiar with high voltage circuits and 
OCS equipment and has demonstrated familiarity with the work to be performed and the hazards involved. 

 
1 National Electrical Safety Code and NESC are both registered trademarks and service marks of the Institute of Electrical and 
Electronics Engineers, Inc. 
2 The NESC is available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA 
(http://standards.ieee.org/). 
3 ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, 
PA 19428-2959, USA (http://www.astm.org/). 
4 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/. 
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4. Description of overhead contact systems (OCS) 

4.1 General 

The OCS is the overhead electrical distribution system through which electrical power is transmitted from 
the traction power substations to the rail transit vehicles or ETB. There are several styles or configurations 
of OCS which can be used for a variety of applications. One property or project may use one or more styles 
throughout the system or only on specific segments of the route. 

The configuration of the OCS conductors is dependent upon two primary engineering factors; first, the 
method of terminating and therefore, of tensioning the conductors, and; second, the type of support 
arrangement for the contact, or trolley, wire. 

4.2 Conductor tensioning 

Two methods are in general use. The first is fixed terminated (FT) or variable tensioning, in which the OCS 
conductors are anchored or terminated directly to a fixed structure at both ends of each wire run. Any 
expansion and contraction of the conductors, due to temperature change, will result in a change in the 
tension in those conductors, and also in the amount of sag of the conductors between their support points. 

The second is automatic tensioning (AT), in which the OCS conductors have some form of tensioning 
device attached to one or both ends of the conductors. The most commonly used are balance weights 
(Figure 1), in which a set of weights operates through a pulley system to maintain relatively constant 
tension in the OCS conductors over a particular range of conductor temperatures, with the objective of 
maintaining the contact wire at a near-constant height and tension above rail/road level throughout that 
temperature range. Other AT devices include spring or hydraulic/pneumatic tensioners, which are often 
used for short tension sections, such as crossovers, or for wire runs where the temperature variation is 
small, such as in tunnels. These latter devices do not afford constant tension throughout the full temperature 
range. 

4.3 Support method 

Two basic types of support method are in common use. The first and simplest is direct suspension, single 
contact wire (SCW) construction (Figure 2). With this support method, the contact or trolley wire is 
clamped directly to the primary support system, be it a cantilever bracket arm, a simple cross span wire, or 
a bridle suspension. This method usually affords the simplest OCS wire arrangements, but needs supports 
at frequent intervals, since span lengths are usually limited to about 30–38 m or 100–125 ft on tangent 
(straight) track by the amount of permissible wire sag. In addition, the contact or trolley wire often needs 
reinforcing electrically with parallel feeder cables, either aerial or underground. 

The second support method is messenger suspension construction, the basic form of which is termed simple 
catenary where the contact wire is supported by hangers from a messenger wire (Figure 3). By adjusting 
the size or number of these conductors, the current-carrying capacity of a catenary OCS can usually be 
sized to match the load demand and, generally, there is no need for parallel feeders. Messenger suspension 
catenary construction typically permits the use of longer span lengths than direct suspension contact or 
trolley wire construction. Span lengths of about 61–73 m or 200–240 ft on tangent (straight) track are 
common. In older OCS installations, catenary styles using more than two conductors are still in use. 
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Figure 1 —Balance weight assembly 
 

 

Figure 2 —Single contact wire (SCW) OCS  
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Figure 3 —Simple catenary OCS 

4.4 OCS styles 

Fixed terminated single contact wire (FTSCW), or direct suspension single contact, is the simplest form of 
OCS, and was the style of OCS most commonly used for the traditional streetcar and ETB systems, some 
of which are still in operation. This type of OCS, with or without parallel feeders, has been used for 
downtown central business district (CBD) applications in some cities in the newer light rail transit (LRT) 
systems and is still used for most ETB systems. It is now often used for modern LRT yard and shop 
construction, since feeding distances are short and multiple electrical paths are available, thereby 
eliminating the need for parallel feeders.  

Auto-tensioned single contact wire (ATSCW) is a style of OCS used in some North American cities. With 
auto-tensioning, along track movement of the conductors and, therefore, of the support points occurs. 
Consequently, hinged cantilever construction is usually employed. If span wire supports are used, the 
contact wire is often suspended below the cross span wire, using a bridle wire running over a pulley or 
roller arrangement, or from a long hanger which acts like a pendulum due to the conductor movement. The 
ATSCW style is more complex than FTSCW, since steady arms or other registration arrangements must be 
used to hold the contact wire in place above the track, particularly on curves. Parallel feeders are also 
usually required. 

Fixed termination simple catenary (FTSC) is often used for LRT systems where a greater degree of 
tolerance can be accepted in contact wire height variation due to temperature change. The messenger-
contact wire separation (or system height) at the support is dependent upon wire tensions and span lengths, 
but is typically in the 0.9–1.5 m or 3–5 ft range. 

Auto-tensioned simple catenary (ATSC) has typically been used in North America for many of the new 
LRT systems, and particularly for those that use existing freight railroad tracks, where operations must 
support joint use, often time separated. In these instances, a high contact wire height (typically 6.7–7.2 m or 
22.0–23.5 ft) is used but must generally be maintained at near constant height, due to freight car clearance 
restrictions coupled with the maximum vertical reach of the rail vehicle pantograph. 

Low Profile Catenary OCS is a variation of the full messenger/contact wire configuration, in which the 
system height at support points is restricted to approximately 0.3–0.5 m or about 12–18 in. This height 
reduction means that the two conductors can be supported by a very simple cantilevered bracket arm or 
from a single cross-span wire only (rather than the more traditional 2- or 3-wire headspan arrangement), 
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