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Chapter 1
INTRODUCTION
1.1 BACKGROUND .

This report describes the basic Traction Power System.
The report includes a top level functional-diagram and
a narrative description of each subsystem, and its

associated functional elements.

The report is based on the Southern California Rapid
Transit District (SCRTD) established design criteria

and supplementary instructionsfreceived'from the Metro -

Rail Project staff. In this chapter the egquipment

associated with each subsystem is briéfly identified; it
is described in later chapters. Certain portions of the
description may not necessarily reflect the final
configuration of the Traction Power Systemlland any
description or diagram that may be modified in the fu-
ture will be so noted in this report.

PURPOSE .

The report describes the functional elements of the
traction power subsystems in sufficient detail to
allow preparation of an assessment of the work remain-

ing to complete the preliminary engineering design.

5/06/83/t1
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1.3

GENERAL SYSTEM DESCRIPTION

The Metro Rail Traction Power System will provide

direct current (dc) electrical power to each train

for vehicle propulsion. The dc power supply will also
be used for operation of all other onboard electrical
equipment such as lighting, control, communications, and

air conditioning.

In addition to the train onboard power requirements,
the Traction Power System will also supply 60 hertz,
alternating current (ac) power for operation of the

various wayside subsystems.

.Overall, the Traction Power System will be designed

sO0 as to ensure adequate levels of train performance,
operational flexibility, safety measures, equipment

protection, and corrosion contrel.

TRACTION POWER SUBSYSTEMS -

At this time, the Traction Power System will be cormi-

posed of four subsystems:

Traction power substations
Wayside distribution

Emergency trip stations

cC 0 0o ¢

Equipment operation supervision

A further subsystem, gap-breaker stations, may be
added at a later date if the final coenfiguration of

the railway track system requires this addition.

A representation of typical traction power subsystem
elements, which are required to convey power from

the ihcoming electric utility company feeders to a
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passenger vehicle, is depicted on the top level
functional diagram, drawing 16-CAD-TP-000-, "Traction
Power Arrangement in the Vicinity of a Substation.”
These elements are further identified and described in

later chapters.

Also identified in later chapters are safety related
features which will be incorporated in the design
of the traction power subsystems for protection of the

public and Metro Rail personnel against injury.

Traction Power Substations

The traction power substations will transform and
convert high-voltage ac power, supplied from power
utility feeders, into dc power suitable for Metro
Rail rapid transit train operation. The
substations will also distribute and control
traction power to the wayside: distribution

subsystem. -

The tractien power substations will be located along
the Metro Rail route at suitable intervals. The
spacing of the substations and capacity of the sub-
sysﬁem elements will be based on the power require-
ments of the trains during peak traffic periods.
Peak period demand will require that the substations

be capable of supplying traction power to the

.maximum number of trains which may start simultane-

ously under the minimum headway operating schedule.
Generally, this entails meeting the power demand of

6~vehicle trains operating at 2-minute headway

" intervals, during peak periods of two hours, with the

ability to accelerate two 6-vehicle trains

simultaneouslv along adjacent trainways.
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with any one traction power substation out of
service, the remaindér of the substations will be
capable of maintaining train operations, albeit

with reduced performance.

Each traction power substation will be composed of

the following elements:

High-~voltage ac distribution equipment
Power conversion equipment

Dc traction power distribution equipment

0O 0 0 0

Control power supply and distribution
eguipment

Substation ac and dc power busways

Power and control cables, with associated
raceways

o] Supervisory control interface and local

annunciatioen egquipment

1.4.2 Wayside Distribution -

The wayside distribution subsystem collects power from
the traction power substations and delivers it to the

trains.

The wayside distribution subsystem will be composed

of the following élements:

o] Third rail (positive contact) and associated
hardware
Support insulators
Third rail protective coverboard and
associated hardware
Dc power cable

Raceways and other cable supports
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1.4.3

Emergencyv Trip Stations (ETS)

Traction power emergency trip stations (ETS) will
be installed at strategic locations along the Metro
Rail System. The ETS will provide Metro Rail per-
sonnel and passengers with the capability to remove
power from a section of the third rail during an

emergency.

The ETS subsystem will be composed of the following

elements:

o Trip stations
o Blue location lights
o Control cables and associated raceways

Equipment Operation Supervision

All the essential element operadtion and control
functions of the traction power subsystems will be

supervised remotely from Central Control. The traction

power substations (and any gap-breaker stations) will

normally operate unmanned. Local control and
annunciation (alarm ipdicafion) facilities will also be
provided at each traction power Substétion (and
gap-breaker station) for maintenance and emergency use.

The operation supervision facilities at Central

Control for the Traction Power System (outlined in
Chapter 6) are incorporated in the Data Transmission
System (DTS). (The DTS is a part of the Metro Rail
Communications System, which is described in a separate
report, "Communications System Description”. Elements
of the traction power operation supervision subsystem

will be located at each traction power substation
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(and gap-breaker station). These elements will provide
the supervisory control interface between the DTS and

the traction power subsystems.

Each equipment operation supervision subsystem will

be composed of the following elements:

o Supervisory control interface terminal
cabinet
o] Local annunciator panel

1.4.5 Gap-Breaker Stations

Gap-breaker stations are not illustrated on the top
~level functional and single-~line diagrams, since

they are not planned at this time. However, they
would normally be located at trainway track crossovers
and pocket tracks, which are not located near a traction
power substation. The function of‘the'gap-breaker;
stations will be to bridge the -physical gap between
sections of the third rail thus maintaining electrical
continuity over the entixe Traction Power System during
normal operating conditions. During maintenance,
repairs, or emergency conditions, the gap-breaker
stations would be used to isolate appropriate sections
of the third rail.

A gap-breaker station will be composed of the

following elements:

Dc distribution equipment
Control power supply and distribution equip-.
ment

o Supervisory control interface and local
annunciation equipment

o Power and control cable with associated

raceways
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Chapter 2

FUNCTIONAL REQUIREMENTS

2.1 GENERAL

The functional requirements of the Traction Power
System are to provide an adequate supply of pro-
pulsion power to all trains operating on the Métro
Rail System, in a safe, secure and economical
manner. The overall design of the Traction Power
System will be such, that it will achieve these

functional regquirements.

2.2 TOP LEVEL FPUNCTIONAL AND SINGLE-LINE DIAGRAMS

The top level functional and interface diagram
(16CAD-TP-004) illustrates the functions of the

Traction Power System elements.

Mainline electrification single-line diagrams for
the Metro Rail System (16CAD-TP-001, -002, -003)
identify the Traction Power System interconnections in

. schematic form. -

The following narrative subsections describe the
functional and single-line diagrams. A detailed
description of each traction power subsystem is

given in subsequent chapters.
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2.2.1 Primary Power Supply
. ‘
Redundant primary-power feeders to each traction power
substation will be furnished by the Los Angeles
Department of Water & Power (DWP) at 34,500 volts ac,

or by the Southern California Edison (SCE) utility
company at 16,000 volts ac. These incoming feeders will
furnish the normal and backup power supplies to the '

whole of the Metro Rail Traction Power System.

Primary power will be controlled by high-voltage ac
switchgear located in each traction power substation.
Only one utility company power feeder will be

connected to the main ac switchgear bus at any time.

2.2.2 Traction Power Conversion and Distribution

High-voltage ac power from the ac switchgear will
0 be converted to 750 volts dc (nominal) traction power
at each traction power substation by dual transformer
- . and rectifier elements located within the substation
area. Positive de ciurrent from each
transformer/rectifier element will be fed to the dc

switchgear in the substation through dc busways.

Positive current from the dc switchgear at each
substation will be fed by the wayside distribution
subsystem to the two sections of the third rail for

each trainway.

The third rail will transmit poesitive de¢ current, to
the train onboard traction equipment, by sliding-
contact with collector shoes attached to each

passenger vehicle.
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The negative dc current from the onboard traction
equipment will return to the rectifier eleﬁents
through the vehicle wheels to the running rails,
impedance bonds, the negative bus (collector) box,
and the associated negative return power cables.
This will complete the dc-loop circuit for train

traction power flow.

The third rail will be a prime element of the

wayside distribution subsystem. It will normally

be electrically continuous throughout the Metro

Rail System, except in the yards and shop area.
Therefore, dc power supply to each section-of the third
rail will be furnished from every traction power -
substation. This arrangement will prevent a momentary
loss of power to trains should a traction power
failure occur at any substation, and will allow train
traction loads to be shared between the other
substations. o

The interconnection of third rail sections will also
distribute power that will be regenerated by trains
while braking. This power will be utilized by other
trains that may be acceleréting, thereby improving the

overéll efficiency of the Traction Power System.

The third rail system will be physically sectionalized
to allow selected rail sections to be isolated in an
emergency and to permit maintenance and repair work to
be performed. Gaps in the third rail sections will be
provided near the traction power substations and at
special running-rail (track) sections, such as railway

crossover points and pocket tracks.’
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Electrical interconnection of the third-rail

section gaps will be performed by dc switching
equipment, comprised of circuit breakers and
disconnecting switches. These switching elements
will be located in the traction power substations and
at any gap-breaker stations, should they be required
for the Traction Power System. (See Subsection
1.4.5.) ‘

The switching equipment will normally bridge the
gap between third rail sections and will so
maintain electrical continuity of the complete
traction power distribution system. Should a

section of third rail develop a fault, it would be

~automatically isolated by operation of the

appropriate dc circuit-breakers, which would open
the links with adjacent healthy rail sections. It
will also be possible to operate the switching
equipment remotely from Central Contrel, or from an
emergency trip station, to isoFate any rail section

in an emergency or for maintenance purposes.

Control Power

Control power for traction power substation equip-

ment operation will be supplied by a 125 volt dc bat-
tery and distributed to the equipment through a dc
distribution panel. The battery will be charged, as
required, through a battery charger fed from the sub-
station auxiliary ac power distribution panel.
Additienally, any low-voltage ac control power require-

ments will be satisfied by this ac distribution panel..

10
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The traction power equipment operations will nor-
mally be controlled and monitored (supervised) at
Central Control facilities.~ Central Control super-
vision will be implemented through supervisory con-
trol and data transmission elements, which interact
with the substation equipment through a supervisory

control interface terminal cabinet.
Each traction power substation will have a local

annunciator panel which will indicate the status of

substatien equipment.

11
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Chapter 3

TRACTION POWER SUBSTATIONS

GENERAL

Traction power substations will be located adjacent
to most passenger stations. This location will

minimize the drop in voltage and power losses along

~the third rail during a period of peak power con-

sumption when twe trains accelerate to leave a

station.

Intermediate traction power substations will also be.
located between passenger stations where the station-

to-station distance exceeds two miles.

The intended locations of 18 mainline traction power
substations along the Metro Tail trainway route are
indicated on Figure 3-1. Fourteen substations will be
in the vicinity of passenger stations and four
intermediate substations will be located between
certain stations. An additional traction power
substation will be located at the main vehicle storage
yard near Union Station. The traction power
substations will be installed either below street
level, or at street level, depending on their location

on the Metro Rail route.

12
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TRACTION POWER SUBSTATION EQUIPMENT

A typical traction power substation equipment arrange-

ment is shown on drawing 16CAD-TP-005.

Certain elements of the Auxiliary Power System will
also be housed in the traction power substation.

These elementS‘aré defined in the Auxiliary Power

System Description. Therefore, these elements are not

described in this document. The traction power
equipment within each substation will be composed of

the elements discussed with the following subsections.

Power Utility Service

Primary power to all the Metro Rail traction power
substations, with one possible exception, will be
supplied by the Los Angeles Department of Water & _
Power (DWP) at 34,500 volts. The substation at the
Fairfax and Santa Monica passenger station will be
located beyond the Los Angeles city limits. It will
be supplied by Southern California Edison (SCE) at
16,000 volts, unl%ss an appropriate agreement between
SCRTD and SCE can be reached permitting DWP to supply

power to this substation at 34,500 volts as well.

The utility company will provide two redundant,
three-phase, 60 hertz incoming power circuits to each
traction power substation. Each circuit will have
sufficient capacity to supply the substation maximum
power demand. The two incoming power circuits will
either both be energized, or one circuit will be
energized and the other will be a standby, and
de-energized, pending an agreement between SCRTD and

the utility. company.

13
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Where pOssible, each circuit will originate from a
separate utility company substation and will be routed
underground to the Metro Rail substation. The service
voltage variations and the maximum available -fault

level at the point of delivery are expected to be +
// 7.5 percent of the nominal voltage and 1,500 MVA

symmetrical. RMS (root mean sgquare), respectively.

A space of 40 ft x 40 ft x 18 ft high, will be allo-
cated in each traction power substation for the
utility company service equipment, including primary
switching apparatus, potential transformers, current
transformers, lightning arresters, contrel, and
metering devices. This space will be secured for use

solely by utility company personnel,

3.2.2 High-Voltage Ac Switchgear

The high-voltage ac switchgear will receive power'fromr
the utility company service equipment and will dis-
tribute it to the traction power conversion equipment,
and to the passenger station auxiliary power system,
described in report 16CAD12. The ac switchgear
assembly will also provide the means for metering and

controlling the distributed ac power.

The switchgear assembly will consist of indoor, metal-
enclosed, self-supporting units, complete with
high-voltage circuit breakers or load-break fused
disconnect switches, whiech will be electrically

operated.,

All necessary protective relays and meters will be
provided, to protect and menitor the traction power
conversion and station auxiliary power equipment, and

Metro Rail personnel.

14
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o
3.2.3 Ac ‘to Dc Conversion Egquipment

Two sets of ac to dc conversion equipment will be

provided at each traction power substation to covert
high-voltage, 3-phase, 60 hertz ac power to 750 volts
dc (nominal) power, for transit vehicle traction and

auxiliary power.

Each set of conversion equipment will be composed of a
rectifier transformer and a rectifier, designed as a
package unit. Each power conversion unit will meet
the loading requirements consistent with the American
Public Transit Association (APTA) guidelines and those
specified in the National Electrical Manufacturers
Association (NEMA) Standard RI~-9, for extra~heavy-duty

traction service.

The equipment will be capable of withstanding the
. . short-circuit and over-voltage ‘conditions that are
expected. All necessary devices will be provided to

protect both the equipment and personnel.

The ac to dc conversion equipment will be composed of

the following elements:

A. Rectifier Transformer. Each rectifier transformer

will be a 3-phase, 3-winding, metal-enclosed,
ventilated dry-type unit, suitable for
extra-heavy-duty traction service. The transformers
will be designed for either indoor or outdoor service,
consistent with the locations of the traction power

substations at or below street level.

15
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The transformers will have an adequate capacity, to
meet the maximum traction power demands. Each

transformer will have é léw-voltage windings, which
will be connected to the power conversion rectifier

by an ac busway.

B, Rectifier. The rectifiers will be of the silicon
dioéé;£§§e; éonfained in a free- standing, indoox
metal-clad enclosure, and air-cooled by natural
convection. The rectifiers will be designed for
extra heavy-duty t¥action service, with 750 vdc
nominal output using l2-pulse double-way

rectificdtion.

A disconnect switch will be used for isolating the
traction power negative return current from the
rectifier negative terminal. The switch will be of
the indoor—type, single-pole, single-throw,
unfused, rated 1000 Vdc, and will be incorporated-

within the rectifier enclosure.

3.2:4 Dc Switchgear

Dc power supplies to the wayside distribution
subsystem, from the transformer-rectifier conversion
equipment, will be controlled by dc switchgear.

The dc switchgear will be composed of rectifier

éathode (positive current) circuit breakers and way-
side distribution feeder circuit breakers. Each
rectifier cathode breaker, will electrically connect
the positive dc current output from one transformer-
‘rectifier conversion unit, to the dc switchgear hus.
Each feeder breaker will electrically connect a section

of the wayside distribution subsystem to the dc bus.

16
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One feeder breaker will normally supply positive dc
current to a section of third rail. Two adjoining
sections of third rail are normally interconnected
electrically through their respective feeder breakers
and the dc switchgear bus. Any section of third rail
can be isclated, by opening the associated dec feeder
breakers supplying power at each end of the rail
section, without interfﬂpting the power supply to
adjoining rail sections. This arrangement of feeder
breakers will provide flexibility of train operation,
especially during maintenance, repairs and emergency

conditions.

Control Power Supply and Distribution

A dedicated control poﬁer_supply will be installed in

each traction power substatien and gap-breaker
station, to provide 125 Vdc control power for the
operation of all switching equipment and associated

protective, contrel and indicating devices.

Low-voltage ac control supply will be obtained from a
local ac distribution panel, which is a part of the
Auxiliary Power System. Ac contrel power reguirements
will be limited to space heaters within equipment
rooms to facilitate humidity control (where required),
and to control devices which cannot operate from the

125 Vdc source.

The 125 Vdc control power supply will be composed of
the follewing elements:

A, Battery. The battery will be designed for

switchgear service with nickel-cadmium or lead-acid

type cells, producing a neminal volitage of 125 Vde.

17
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B. Battery Charger. The battery .charger will be of
. Lyjfthe silicon controlled rectifier, constant-voltage
g )
Cer yn £° type, convection cooled, and rated according to the

battery capacity. Necessary devices and meters will

be provided to protect equipment and personnel.

c. Dc Distribution Panel. A panel will be used to

distribute the necessary dc control power required
by the electrical equipment. It will be a general
purpose, surface-mounted unit, equipped with a main
incoming meolded-case circuit breaker, a sufficient

}wﬁ number of molded-case branch circuit breakers, and
W

. X
M:ji;ﬁ provisions for future additional breakers. Individual

breakers will be fitted with OVerlQad and overcurrent

trip devices to protect equipment and personnel,

Negative Bus Box

One negative bus box will be installed at each traction
power substation. The bus box-will provide a common
termination point for negative current return cables
from the wayside impedance bonds to the negative termi-
nal of the traction power rectifiers, and for any utili-
ty drainage cables-requiréd for stray current mitigation

(corrosion control).
The bus box enclosure will be a free-standing, nonmetallic,
indoor=type. Bus bars will be of tin-plated,

high-conductivity copper..

Substation Ac and Dc Busways

Busways (ducts) will be used to connect equipment such
as the rectifier-transformer to the rectifier, and the

rectifier to the dc switchgear. They will be made of

18
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either copper or aluminum bars and capable of carrying
continuously rated current and overloads, without
exceeding the maximum allowable temperature rise.

Ac bus way will be used between the rectifier trans-=
former and the rectifier. The Dc bus way will be used

between the rectifier and the de switchgear.

3.2.8 Local Annunciator Panel

Each traction power substation will be provided with a
local equipment statis annunciator (alarm) panel. The
annunciator panel will annunciate trouble locally and,
through the supervisory control interface terminal
~cabinet (SCITC), remotely at Central Control. It will
be a floor or wall-mounted, electro mechanical or solid-
state type, having a sufficient number of individual
status indicators, with back lit nameplates and a de
control power isolation switch. ‘

The panel will be designed to operate on 125 Vdc.
Local alarms will be annunciated by means of a
flashing indication of the applicable status

indicator, together with an audible warning.

'3.2.9 Supervisory Control Interface Terminal Cabinet (SCITC)

i

A terminal cabinet will be provided at each traction
power substation to be used as an interface point, to
interconnect the Supervisory Control System to the

traction power system equipment. The cabinet will be
of steel construction, indoor-type. Terminal blocks
will be provided, mounted on a removable interior

panel within the cabinet. All interface connections
will be made at these terminal blocks. A sufficient
number of spare terminal points will be provided for

future equipment requirements.

18
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Chapter 4

GAP-BREAKER STATIONS

4,1 GENERAL

Gap-breaker stations will be provided on the Metro Rail
System, to control special rail track sections, but
only when these sections are too remete to be
effectively controlled from fhe nearest traction power

substation.

The gap-breaker stations will house electrical power
switching equipment, for protection of the special

track third rail sections, in-a similar manner to the
mainline sections controlled by edquipment located at

the traction power substations. (See Chapter 3.)
4.2 EQUIPMENT

Equipment at each gap-breaker station will include dc
switchgear, control power supply and distribution
equipment, annunciator panel, and a supervisory control
_interface terminal cabiret (SCITC), similar to equipment
previously described for traction power substations in
Chapter 3. The gap-breaker station auxiliary ac power
will be supplied from the nearest passenger station
auxiliary power source as defined in the "Auxiliary

Power System Description."”

20
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Chapter 5

WAYSIDE DISTRIBUTION

5.1 GENERAL

The wayside distribution subsystem will complete the
dc power circuit between the traction power substation
and railway vehicle onboard equipment. This subsystem

will be composed of the elements described below.

5.2  THIRD RAIL AND ASSOCIATED HARDWARE

The third rail will be of bimetallic cbhstrhdtion,:
fabricated from steel and aluminum elements, and bonded
together by pressure applied through bolts or equivalent
methods. The contact surfaces between the two metals
will be thoroughly cleaned before assembly, to minimize
the electrical resistance between the different metal
parts, and tightly sealed to prevent the ingress of

polluting or corroding matter.

The continuity of the third rail will be broken at
traction power substations and any required gap-
breaker stations to provide definitive (localized)
sections. Adjoining third rail sections will be sepa-
rated by a gap dimensioned so that it can be bridged by

" the front and rear current-collecting shoes of a
vehicle. Sufficient protection will be provided to
prevent a previously deenergized section of third rail
from being reenergized by a vehicle accidentally

connecting it to an adjoining live third rail section.
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Third rail sections will be composed of rail lengths
(approximately 40 foot long) joined together by means

of splice joint assemblies,' Jumper cables will provide
electrical continuity at all special rail track
locations where it is necessary to have separations in
the third rail. Jumper cables will also be provided
across rail. expansion joints to maintain electrical
conttinuity across the joint. The jumper cables will
have an electrical conductivity equal to, or higher
than, the conductivity of the third rail. Ramps will be
provided at the ends of each third rail section to
facilitate collector shoe tralisfer between rail sections

without significant bounce.

Rail anchors will be provided at 1,000 foot maximum

. intervals, with expansion joints installed midway between
ancher points. Spacing of the anchors will bé adjusted
to provide anchorage near the middle of curved sections,
with expansion joints placed at the ends of the curve.

5.3 SUPPORT INS'I‘JLATORS.

9 The third rail will be supported at approximately 10-
foot intervals by pOSt—typé insulators of either wet-
procéss—type porcelain or fiberglass.. The relative
position of the third rail to the rail track and the
configuration of the support insulators will be as
shown én Figures 5-1, Single Track Arrangement.
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5.4

Except at special running rail locations, the position
of the third rail relative to the running rails will

generallv be as follows:

o Through passenger stations: at the side of

the running rails opposite the platform

o Through trainway tunnel sections: at the
side of the running rails opposite the

access walkway

o) At storage yard and workshops: in the area

between the adjacent trackways

PROTECTIVE COVERBOARD AND ASSCCIATED HARDWARE

A protective coverboard will be provided over the third
rail to protect passengers and Metro Rail personnel
from accidental contact with tle energized third rail.
The coverboard will also protect the rail from foreign

objects that might fall or be thrown onto it.

The coverboard will be made of a noncombustible, non-
conductive material, and be designed to provide pro-
tection against electrical hazard. The coverboard will
be supported at intervals by molded brackets, attached
directly to the bottom flange of the third rail. The
brackets will be spaced at suitable intervals to meet
strength and deflection cxiteria, but never more than

every five feet.

The coverboard will consist of a top panel only. Ade-~
guate clearance will be provided between the top panel
and the third rail to permit insertion of the vehicle
current collection shoe paddles. At third rail gap

end-ramps, the coverboard will be maintained at the

23
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same uniform height relative to of the running rail,
and will extend a minimum of 12 inches beyond the tip of
the end-ramp.

RUNNING RAIL, ASSOCIATED HARDWARE, AND IMPEDANCE BONDS

Running rails, hardware, and bedwork are elements of
the Rail Track System. Impedance bonds are elements
of the Train Control System, and are discussed in

detail in the "Train Controel System Description".

Running Rails and Associated Hardware

The Rail Track System is not a part of the Traction
Power System and therefore is not fully discussed
here. In general, the running rails will be insulated
from the roadbed by the use of insulated track
fasteners. The track ballast will be clean, dry, and
well drained, and will be kept clear of the running
rails. The rails for mainline operation will be

approximately 132 pounds .per linear yard, RE section

grade, and will be welded in continuous lengths,

Both running rails of each trainway will normally

serve as negative current conductors for the Traction

Power System. At special locations, within the

interlocking area of crossovers or pocket tracks, only

one running rail will be used for negative current

.return, while the other rail will be used for the

Train Control System signals.

Impedance Bonds

At loqations requiring insulated joeints for the Train

Control System, the negative-current return circuit

‘continuity will be maintained by the use ¢of impedance
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bonds and jumper cables. The impedance bonds will
provide a low-resistance path for direct current and a

high-impedance path for train control signals.

Running rails will also be cross bonded for traction
power negative current edqualization through impedance
bonds at maximum intervals of 2,000 feet. Where train
control impedance bonds occur within the rail

cross bonding spacing interval, these bonds will also be

used for running rail cross bonding.

DIRECT,CURRENT (DC) POWER CABLE
‘,‘)\7.
7wa

o j“rAll direct current power cables will be composed of

|\»r“

J

nonshielded, insulated, stranded-copper conductors.

The cables will have a minimum insulation life of

20 years and the maximum operating temperature will

not exceedqthe permissible insulation design llmlts.

A single size of conductor will be used, which Wlll be .
selected for the lowest installed cost.

The dc traction power feeders wili be composed of mul-
tiple cables, connected in parallel, to match the in-
dividual feeder required current rating. Eqsitive.and
negative current feeders to each section of third

rail will have the same current carrying capacity.

The feeders will have a sufficient current rating to
permit full use of the traction power substation
equipment's maximum design overload capacity, and
maintain voltage levels along the third rail within

allowable limits.
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5.7 CABLE SUPPORTS

5.7.1 Substation Interior Supports

Traction power dc cables within the traction power sub-
station or gap-breaker station enclosures will be in-
stalled in appropriate raceways, such as metal or non-
metallic trays, cable trenches, or on racks. Such
raceways will be of adedquate size to permit a neat

alignment of the cables and to avoid twisting.

In metal raceways, a nonflammable, flat insulating sepa-
rator will be installed between the metal and the
cables, to provide maximum isolation between the

cables and the metal parts, and also to provide a
uniform, smooth suppoft. Positive and negative cables

will be run in separate raceways.

When the cables are installed on racks, porcelain or
fiber insulators will be used on the supporting arms.
Supporting arms will be spaced so as to avoid excessive
weight or pressure against the cable insulation. Cables

will be arranged in not more than two layers.

5.7.2 Wayside Supports

Traction power dc cables along the wayside to the third
rail connection locations will be installed in rigid
nonmetallic conduits, concrete encased for physical
protection. Wherever this does not prove practical,
the cables will be placed in conduits mounted on sup-

ports attached to concrete walls or slabs.

5.8 CABLE TERMINATIONS

Since the third rail is subject to vibration, provision

will be made in the design of all cable terminations to
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the rail to prevent cable failure due to the vibration.
The traction power wayside distribution cables, with
standard conductor strandiné, will be terminated at a
junction box adjacent to the third rail sections.

From this junction box, extraflexible conductor cable
will be used for the bolted or welded connections to
the third rail.

5.9 DC DISCONNECT SWITCHES

Dc power disconnect switches will be used in special
locations threughout the mainline system, in the yard,
and in maintenance facilities, to isolate a section of
the third rail during maintenance, repairs, and emer-

gency conditions.

These tie switches will be of the no-load type, single-
pole, single-throw, unfused, and manually or electrically
operated. Switches will be rated 1000 Vdc, with ade- -
guate continuous current-carrying capacity and short-
circuit withstand Eapability. They will be housed in a
nonmetallic indoor- or outdoor-type enclosure, depending
upon location, in the traction power substation or at

the wayside.

Wall-mounted, manually operated switches will also be
provided to bypass the traction power dc switchgear
feeder circuit-breakers during breaker maintenance or
repairs. These switches will electrically tie adja=
cent third rail sections together and maintain con-

tinuity of the traction power distribution subsystem.
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Chapter 6

EQUIPMENT OPERATION SUPERVISION

GENERAL

The traction power substations and gap-breaker
stations will be designed to operate unmanned. All

the essential functions of switchgear operation and

~control will normally be performed remotely from

Central Control by means of the Data Transmission
System (DTS). (See Subsection 1.4.4.) All essential
status indicationé, such as voltage level, current level
and circuit breaker positions, will be telemeéetered for

selective display at Central Control.

Local controls will be provided within each substation
and gap-breaker station to permit manual operation of
all switching equipment. During local operation, super-
visory control for each device locally operated will

be bypassed. Permission of Central Contrel, however,

will be required in order to aqtivate local controls.

FUNCTIONS

Tables 6-1 and 6-2 list the various local and super-
visory control functions for traction power substations

and gap-breaker stations, respectively. )
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Table 6-1

LOCAL AND SUPERVISORY CONTROL FUNCTIONS. IN TRACTION

POWER SUBSTATIONS

Function

Control

5/06/83/t1

Indication

Loeal

‘Remote Local

Remote

Switching

Ac Incoming-line Breakers

Ac Feeder Breakers

Dc Rectifier Breakers

Dc Feeder Breakers

Ac Motorized Disconnect Switch

Alarms

Substation Trouble

Control Battery Low Voltage
Substation High-ambient Temperature
Ac Incoming-line Voltage (high/low)
Third Rail Loss of Voltage
Rectifier Transformer High-temperature Alarm
Rectifier High-temperature Alarm
Rectifier Voltage Surge {ac bus)
Rectifier Voltage Surge {dc bus)
Transformer-rectifier Lockout
Rectifier Enclosure Energized
Rectifier Transformer High;ﬁgggﬂ;ature Trip
Rectifier High-temperature Irip

Ac OQvercurrent

Rectifier Diode Failure Alarm
Rectifier Diode Failure Irip
Transfer-Trip Pilot Wire Failure
Dc Switchgear Grounded Enclosure
Dc Switchgear Energized Enclosure
Dec Switchgear Lockout

Transformer Cooling Fan Failtre
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Table 6-~2

LOCAL AND SUPERVISORY CONTROL FUNCITONS IN GAP-BREAKER STATIONS

: Control Indication
Function ] ] Local Reémote Local Remote
Switching

D¢ Feeder Breakers X X X b4
Alarms i

Gap-btreaker Station Trouble ) X

Third Rail Loss of Voltage X
"Dc Switchgear Grounded Enclosure X
De Switchgear Energized Enclosure X

De Switchgear Lockout X X

Control Battery Lockout X X

Station High-ambient Temperature X X

Transfer-trip Pilot Wire Failure X X

6.3 SUPERVISORY SYSTEM AND INTERFACES

6.3.1 Power Control Center

The power control center at the Central Control
facility will serve as a central location for the
control and monitoring of electrical power systems
which will supply the Metro Rail trains, transit
facilities, and other loads essential for maintaining
continuous rapid transit operations. The power con-
trol center will include a power supervisory contreol

console and a power system status mimic board.
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The power supervisory control console will provide the
operating attendant with facilities for remote control
of eqguipment at traction pdwer substations, gap-

breaker stations, and motorized switching equipment
installed at the wayside. The console will indicate the
status of third rail sections and other selected
subsystem elements. Itvwill also give immediate alarm
and visual indication of statiis changes, faults, or
other abnormal conditions associated with traction power

elements. .

The power system status mimic board will provide a
graphic portrayal of the entire Traction Power System.
In addition, changes in the status conditions will be
placed in a direct-access memory storage system, along
with the time and date of entry, for diagnostic and

documentation purposes.

The power control center will interface with the -
traction power equipment through a data transmission
system (DTS) and cable transmission éystem (CTS), which
are elements of the Communications System. The Central
Control facility is also described elsewhere and is not

part of the Traction Power System.

6.3.2 Local Control and Annunciation Interface with

Supervisory Control

A supervisory control interface terminal cabinet
{(SCITC) will be installed at each traction power
substation and any gap-breaker station, to provide an
interface between the DTS system and the traction power
"system equipment. A number of sensing devices will be
provided at specific traction power elements, where
required; the sensing devices will be hard-wired to the

terminals of the interface cabinet.
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The traction power elements will also have provision
for local control and indication. All alarms will be
£ | annunciated at a local annunciator panel located in each

5,'{,‘ )
L substation and any gap-breaker station.
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Chapter 7

EMERGENCY TRIP STATIONS

7.1 GENERAL

Traction power emergency trip statioens (ETS) will be
installed at strategic locations throughout the Metro
Rail System. These will provide Metro Rail personnel
and passengers with the capability to remove power

from sections of third rail during an emergency.

Each ETS will contain switches to trip (open) and
lockout the appropriate dc feeder circuit breakers (dc -
contactors at maintenance facilities), thereby remov-

ing power from the affected sections of third rail.

The trip switches will be equipped with a mechanical
inte;lOCk mechanism, Which'will preclude restoration of
power, once the emergency trip statioh has been
activated, until the interlock has been manually reset.
Only after the mechanical lockout is manually released
can power be restored by the Central Control operator.
Central Control will be advised by qualified transit
personnel, through the emergency telephone, as to the

manual release.
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Also included at each ETS will be an emergency
telephone, which will communicate directly with Central

Control, and a blue light for identification purposes.

ETS LOCATIONS

Location of emergency trip stations (ETS) will be as

follows:

(s} At the ends of each station platform; within
each of the cross-passages between trainways;
and exit passages from trainways to the

surface

o Installed as needed to limit the distance
7} between them to no mere than 500 feet, and
to provide at least one visible ETS location

from any point on the rail tracks

o] Provided at maintenmance yards and special rail

track locations, as reguired

§fV"3/t_. /gﬁ” /—'/'uﬂ—ur_ S —.: ‘{.X..\_.
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