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Abstract: The general characteristics of pantographs that enable current collection from an
overhead contact system on light rail and heavy rail transit systems are described. Definitions
pertinent to pantographs, including general definitions, specific pantograph terminology,
pantograph components, pantograph dimensions, and operating characteristics are contained in
the standard.

The operating requirements that need to be defined by the purchaser of pantographs are stated.
In addition, standard dimensions for the collector head and contact strip, various pantograph
mechanical and operational requirements, environmental conditions, and maintainability and
documentation requirements are specified. Various testing methodologies and requirements are
also included.

Keywords: collector head, contact strip, gradient, heavy rail, IEEE 1629™ light rail, overhead
contact system, pantograph, rail vehicle, railway, streetcar, tracking, traction, tramcar, transit
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Notice and Disclaimer of Liability Concerning the Use of IEEE Documents: IEEE Standards documents are developed
within the IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Standards Board. IEEE develops its standards through a consensus development process, approved by the American National
Standards Institute, which brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and serve without compensation. While IEEE administers the process
and establishes rules to promote fairness in the consensus development process, IEEE does not independently evaluate, test, or
verify the accuracy of any of the information or the soundness of any judgments contained in its standards.

Use of an IEEE Standard is wholly voluntary. IEEE disclaims liability for any personal injury, property or other damage, of
any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, or reliance upon any IEEE Standard document.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained in its standards is free from patent infringement. IEEE Standards documents are supplied “AS
IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market, or
provide other goods and services related to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a
standard is approved and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard. Every IEEE standard is subjected to review at least every ten years. When a document is
more than ten years old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE standard.
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regardless of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice pertaining
to IEEE Standards documents. Suggestions for changes in documents should be in the form of a proposed change of text,
together with appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
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this reason, IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
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Notice to users

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document 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 documents 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-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit IEEE-SA  Website at
http://standards.ieee.org/index.html.

Errata

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

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. 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 standard 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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Introduction

This introduction is not part of IEEE Std 1629"™-2013, IEEE Standard for Performance of DC Overhead Current
Collectors for Rail Transit Vehicles.

The Overhead Contact Systems Subcommittee of the Rail Transportation Standards Committee was formed
in 2001 with the purpose of developing standards governing the design and construction of overhead
contact systems for rail transit. The primary concern of the Overhead Contact Systems Subcommittee
Working Group 16 was the lack of uniform practices and applications for the design and implementation of
pantographs used on rail transit vehicles.

The majority of the presently operating electrified rail transit systems use an overhead contact system
(OCS) or third rail to supply traction and auxiliary power to the vehicles. This standard was initially
developed for pantograph collection devices, and will address trolley poles and other collection devices at a
later time.

This standard specifies:

— Definitions pertaining to pantographs used on direct current (dc) or alternating current (ac) powered
rail transit vehicles

—  Performance requirements for pantograph equipment used on dc or ac powered rail transit vehicles

— Requirements for testing of pantographs used on dc or ac powered rail transit vehicles
This standard does not consider

— Specific maintainability or reliability requirements for pantographs

— Pantographs for operation on electrified main-line commuter railroads or high-speed railroad
systems

This standard is intended to apply to rail transit vehicles that are electrically powered by an overhead
contact system. These rail transit vehicles are defined to include heavy rail vehicles (also called subway,
elevated, or rapid transit cars) and light rail vehicles (also called streetcars, tramcars, or trolley cars),
including units which combine powered and unpowered trucks or axles.

This standard does not apply to electrically powered main-line railroad vehicles, such as locomotives or
electric multiple unit (EMU) cars.

Fully automated, driverless rail transit vehicles are sometimes included in the mode of transit referred to as
automated guideway transit (AGT), and, to the extent that the vehicles do not have other unique
requirements, this standard can be applied. It is not intended that this standard be universally required for
all AGT systems.

NOTE—Self-propelled railway vehicles operating on trackage of the general railroad system are subject to regulations
issued by governmental bodies (e.g., federal, state, and local bodies). In selected jurisdictions this is also true for rail
transit vehicles. The user of this Standard should recognize that such regulations always take precedence over a
consensus standard.

This standard applies to pantographs used on light rail vehicles and subway/metro rapid transit cars, where
the electrical power for the operation of the propulsion and auxiliary systems is supplied from a dc or
single-phase ac, conventionally suspended, overhead contact system, with a nominal voltage of 600 volts
and above.
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IEEE Standard for Performance of DC
Overhead Current Collectors for Rail
Transit Vehicles

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or
environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

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 standard provides minimum acceptable performance requirements for overhead current collectors used
for light rail vehicles, heavy rail vehicles, and trolley bus vehicles. Specific areas to be addressed include
oscillation of collectors, arcing and electrical transients, all weather operation, the wire/collector interface,
and dewirement and entanglement hazards.

1.2 Purpose

The purpose of this standard is to develop performance requirements for overhead current collectors on
transit vehicles to control hazards, improve performance and reliability, and reduce life cycle cost.
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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.

APTA Standard RT-VIM-S-002-02, Standard for Pantograph Current Collection Equipment Periodic
Inspection and Maintenance. '

IEEE Std 16™-2004, IEEE Standard for Electrical and Electronic Control Apparatus on Rail Vehicles.> *
IEEE Std 1476™-2000, IEEE Standard for Passenger Train Auxiliary Power Systems Interfaces.

IEEE Std 1478™-2001, IEEE Standard for Environmental Conditions for Transit Rail Car Electronic
Equipment.

3. Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary Online should be consulted for terms not defined in this clause.*

3.1 General

3.1.1 abnormal wear: Also known as excessive wear or accelerated wear. That wear of parts and
components that cannot be considered as normal wear or aging when the pantograph is operated under
conditions expected in light or heavy rail transit applications and in the environment specified, and when it
is maintained in accordance with the supplier’s approved maintenance instructions. Normal wear shall not
affect the operation of the pantograph throughout its design life when it is maintained in accordance with
the supplier’s approved maintenance instructions.

NOTE—If an operating authority uses an ice cutter attached to, or made part of, the pantograph contact strip, and/or
operates following an ice or a sleet storm, it is likely that a shorter life will result for the contact strip and the overhead
contact wire. The definition of abnormal wear and calculation of normal service life shall not apply to the period of
time that ice cutters are in-service, or when there is ice and sleet buildup on the overhead wire.’

3.1.2 approval: Reviewed and accepted in writing by the customer.

3.1.3 approved or approved type: The type, material, procedure, or method as reviewed and accepted in
writing by the customer.

3.1.4 car: See vehicle.

' The APTA Standard RT-S-VIM-002-02 is available from the American Public Transportation Association, 1666 K Street, NW, 11"
Floor, Washington, DC 20006, 202-496-4800 (http://apta.com).

? IEEE publications are available from The Institute of Electrical and Electronics Engineers (http:/standards.ieee.org/).

* The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
* IEEE Standards Dictionary Online subscription is available at:
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.

* Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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3.1.5 carbody: The part of the transit vehicle that includes the structure (sides, floor, roof, ends, with
interior linings and panels), and the brackets on which the pantograph assembly mounts.

3.1.6 car builder: The entity assembling or manufacturing the transit vehicle on which the pantograph is to
be used.

3.1.7 consist: The makeup or composition (number and specific identity) of individual units or vehicles of
a train.

3.1.8 customer: The entity purchasing or ordering the pantograph. The customer may be the operating
authority if they are ordering a pantograph directly, or may be a car builder if completed vehicles with
pantographs are being supplied to an operating authority.

3.1.9 failure: Any malfunction which requires unscheduled maintenance, repair, or replacement of the
pantograph assembly or its components.

3.1.10 secondary failure: Any malfunction resulting from failure of another system or component.

NOTE 1—A secondary failure shall not be considered as a failure unless it is determined that protective elements
integral to the apparatus in which the secondary failure occurred should have been provided or that such provisions
were ineffective.

NOTE 2—Failures resulting from accidents, or caused by outside unrelated events, such as collisions, vandalism, or
negligence, shall not be considered as failures. Expendable items which are subject to normal wear, aging, or loss of
effectiveness, such as contact strip carbon inserts or air filters, shall not be considered failures when they reach the end
of their normal, useful life span. However, if they do not perform adequately within their expected life or if they are a
contributing cause to subsequent defects in other apparatus, they shall be considered failures.

3.1.11 gradient of overhead contact wire: The gradient of overhead contact wire is usually expressed as a
percent, and is defined by Equation (1)

G = H/S % 100 (1)
where

G is the gradient
H is the height change above rail
S is the horizontal distance between points of height measurement

A rising gradient is where the overhead contact wire increases in height over the specified distance. A
falling gradient is where it decreases in height over the specified distance.

3.1.12 heavy rail transit: A mode of rail rapid transit generally characterized by fully grade-separated
construction, operation on exclusive rights of way, with high-level station platforms at the floor level of the
vehicles. Syn: rapid rail, subway, elevated railway, or metropolitan railway (metro).

3.1.13 heavy rail vehicle: A vehicle operating on a heavy rail transit system, typically electrically
propelled, bi-directional, capable of operating in multiple units, and designed for rapid, high-level boarding
and discharging of passengers.

3.1.14 light rail transit: A mode of rail transit characterized by its ability to operate on exclusive rights-of-
way, on streets and on center or side-of-road reservations with grade crossings and to board and discharge
passengers at track or vehicle floor level. Syn: streetcar, tramway, or trolley car.
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3.1.15 light rail vehicle: A vehicle which operates on a light rail transit system, capable of boarding and
discharging passengers at track or vehicle floor level.

3.1.16 low-voltage power supply (LVPS): A power supply, which provides dc power to the low-voltage
devices or circuits contained on the vehicle, and may be configured to charge the vehicle battery.

3.1.17 operating authority: A geographical or political division created specifically for the single purpose
of providing transportation service.

3.1.18 rigid contact system: An un-tensioned, self-supporting overhead contact wire, with continuous
supports, such as T-bars or barn hangers, at close spacing to supply the necessary rigidity for a wide range
of uses, such as in maintenance shops or at moveable bridges.

3.1.19 service proven: The historical and documented success of pantograph equipment operating on a
fleet of vehicles for a minimum of 6.4 million fleet km (4 000 000 fleet miles), or for a minimum of two
years, of scheduled revenue service under similar conditions on other light rail or heavy rail vehicles. Syn:
proven.

3.1.20 supplier: The entity which contractually acts as the source of a product.
NOTE—The supplier may or may not be the actual builder.

3.1.21 vehicle: A land conveyance assembly for carrying or transporting people or objects, capable of
traversing a guideway, having structural integrity and general mechanical completeness but not necessarily
designed for independent operation. Syn: car.

3.2 Special terms and definitions for pantograph components

3.2.1 pantograph: A multi-link hinged apparatus that collects current from one or more overhead contact
wires for use by the vehicle propulsion and auxiliary electrical systems. The collector head of the
pantograph moves vertically to conform to changes in height of the overhead contact wire.

In the up, or operating, position the pantograph is in contact with the overhead contact wire and is entirely,
or partially, under voltage, depending on the state of energization of the overhead contact wire.

In the down, or stowed, position, the pantograph is locked down and not in contact with the overhead
contact wire or any part of the overhead contact system.

There are two basic types of pantographs for light rail and heavy rail operations. These are the single-arm
type and the diamond type. The diamond type is usually available in the two-arm and four-arm
configurations. The single-arm type is shown in Figure A.1. The two-arm and four-arm diamond types are
shown in Figure B.1 and Figure B.2, respectively.

3.2.2 pantograph assembly: A pantograph assembly consists of a base frame, electrical insulators, a frame
assembly, a primary suspension, a collector head assembly, a secondary suspension, and an operating
system. In some situations, a pantograph can include a breakaway mechanism or an automatic drop-down
mechanism.

NOTE—The components identified in term 3.2.2 form a complete pantograph assembly. Most of these components are
identified in Figure A.1.

3.2.2.1 base frame (item 1): The fixed part of the pantograph which supports the pantograph frame
assembly and is mounted on the electrical insulators.
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3.2.2.2 frame insulators (item 2): Electrical insulators that attach to the base frame and mount on the
vehicle roof by suitable brackets. These electrical insulators mechanically support the base frame and
electrically insulate it from the carbody.

3.2.2.3 pantograph mounting plane (item 3): A horizontal plane, or a multi-layer surface, described by
the bottom mounting surface of the electrical insulators when attached to the base frame.

3.2.2.4 pantograph frame assembly (item 4): A multi-element hinged assembly which enables the
collector head to move in a vertical or nearly vertical direction with respect to the base plane of the
pantograph and to remain in a horizontal or level position. While there may be variations on the design,
basic components of the pantograph frame might generally include upper and lower struts (items 4a and 4b
respectively) and upper and lower guide rods (items 4c and 4d respectively). These items are also known as
the upper frame (item 4a), lower frame (item 4b), collector head and pan-guide (item 4c), and coupling rod
(item 4d), respectively.

3.2.2.5 primary suspension (item 5): A system of springs and dampers or shock absorbers attached
between the pantograph frame assembly and the base frame to cushion the dynamic motion of the
pantograph frame. The primary suspension is usually spring, pneumatically or electrically actuated and
functions to provide for a smooth and controlled vertical motion, to provide a constant force on the
overhead contact wire, and to dampen out any oscillations in the pantograph frame assembly.

3.2.2.6 collector head assembly (items 6a to 6e): That part of the pantograph which is supported by the
pantograph frame and contacts the overhead wire. The collector head includes an optional secondary
suspension (item 6a), one or more contact strips (item 6b), and end horns (item 6¢), mechanically
connected by the head frame. These components are defined below:

(a) secondary suspension (item 6a): Spring and damper assemblies that support the collector head
on the pantograph frame at the pivot, or each contract strip assembly separately on the head frame,
and absorb small shock loads and oscillations, preventing them from being transmitted to the
pantograph frame, and improving pantograph tracking ability. Syn: collector head suspension or pan
head suspension.

(b) contact strip (item 6b): The replaceable wearing part of the collector head assembly which
interfaces with the overhead contact wire for collecting current. The contact strip may be in the form
of extruded carbon inserts that are slid into a socket rail, or in the form of carbon strips bonded,
soldered, or bolted to a metal backing plate. In all cases, the contact strip includes the carbon inserts
with the metal socket rail or backing plate. Syn.: carbon or rubbing strip.

(c) end horns (item 6¢): The ends of the collector head assembly which allow smooth engagement
with, or disengagement from, any overhead contact wire that is entering or leaving the running wire,
or with a running overhead contact wire that moves beyond the end of the contact strip.

(d) end horn hook (item 6d): A hook at the outer end of the horn that serves to catch the overhead
contact wire and prevent it from moving under the end of the end horn and fouling the collector head.

(e) collector head pivot (item 6e): That pivot, with axis transverse to the longitudinal centerline of
the vehicle, which enables slight rotational or pitching motion of the collector head assembly, in
response to transitions in the gradient of the overhead contact wire or to overhead wire and
pantograph system kinematic tolerances.

3.2.2.7 manual emergency operating system (item 7): A general term to describe secondary devices
which enable raising or lowering the pantograph frame when the primary operating system, defined in
term 3.2.2.10, is not available or if the vehicle is completely shut down with no electrical or pneumatic
power being available.
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