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Document control


Version Date Summary of change 

1.0 
Replaced SC 09 10 02 00 SP Emergency Changeover Contactor Panel 
and SC 09 10 02 01 SP High Speed Emergency Changeover 
Contactor Panel. 

2.0 2 March 2010 New document to combine two earlier standards SC09100200SP and 
SC09100201SP. 
Formalise performance requirements. Combine normal and High speed 
ECO specifications. Provide overvoltage-sensing option. 

2.1 May 2010 Application of TMA 400 format 
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1 Scope and Application 
This Specification describes the requirements for Emergency Change-Over Panels to be 
manufactured and supplied to RailCorp for signalling power supplies. 

An Emergency Change-Over panel, normally labelled as "ECO panel", is used to switch 
120V AC 50Hz LOAD supply from NORMAL supply to an EMERGENCY supply, in case 
of an interruption of the NORMAL supply, or under fault conditions. 

Following the interruption or fault condition when the NORMAL supply returns and 
stabilises, the ECO will automatically return the LOAD to the NORMAL supply 

The ECO panel shall be designed, built, supplied and operate in accordance with this 
specification. 

2 Applicable Documents 

RailCorp Specifications 
This Specification refers to the following RailCorp Specifications and Standards: 

SPG 1031 General Requirements Labelling of Signalling Equipment 

SPG 1432 Non-Vital Relays 

SPG 1856 Specification Environmental Conditions 

SPG 1013 Cables for railway signalling applications – single conductor cables for 
indoor use


SDG 001 Standard Circuits


Australian Standards 
AS1319 Safety signs for the occupational environment 

AS1768 Lightning protection 

AS 3000 Electrical Installations-Building, Structures & Premises 

3 Background 
The original ECO panels use a normally energised contactor that drops away when the 
normal supply is lost. 

Voltage Sensing Relays were added to address problems with "brown out" due to phase 
failures which either caused the contactor coil to burn out or the contactor to remain 
energised even though the normal supply voltage was too low to be useable by the load. 

Delays were then incorporated to stop repeated quick changeovers when disruption was 
occurring on the normal supply. This was primarily added due to the power up sequence 
on an audio frequency track circuit being vulnerable to power disruption. 

A version of the ECO was then introduced that had an improved "drop away" speed on 
loss of the normal supply. These are called "High Speed ECOs" and were introduced to 
reduce or prevent disruption of SSI TFMs on loss of the normal supply. 
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4 Operating Performance Requirements 

4.1 Functional 
The ECO panel shall provide automatic switching between two source supplies to a load. 

The preferred supply (typically the railway supply) is called the Normal Supply, and non-
preferred supply is called the Emergency Supply. 

The ECO panel will feed the load from the normal supply when the Normal Supply 
voltage is within the PICKUP threshold level and the OVERVOLTAGE limit and remains 
within for the required STABLE time. 

If the ECO is feeding the load from the Normal Supply and the Normal Supply moves 
outside the OVERVOLTAGE and UNDERVOLTAGE limits then, the ECO immediately 
changes over to feed the load from the EMERGENCY supply. 

The design shall be biased so that virtually all failure modes of the ECO or Normal supply 
cause the Emergency Supply to be provided to the load. 

A pair of interlocked contactors is not considered to provide the assurance that virtually 
all failures will result in the Emergency Supply being provided to the load. 

The phasing of load supply shall match that of the Normal or Emergency supply when 
they are connected to the load; that is there shall be no crosses in the wiring. 

An acceptable UNDERVOLTAGE limit is 0.875 times the nominal voltage, which is 105V 
for a 120V supply. 

An acceptable PICKUP threshold is 0.96 times the nominal voltage, which is 115V for a 
120V supply. 

An acceptable OVERVOLTAGE limit is 1.2 times the nominal voltage, which is 144V for a 
120V supply. 

The STABLE time is nominated as 7 seconds. 

High speed switching on the loss of the Normal Supply to the Emergency Supply shall be 
disabled when the Emergency Supply is not available. This functionality is provided so 
that the ECO is more tolerant of "blips" on the Normal Supply when it is the only available 
supply. 

The over voltage functionality shall be enabled or disabled by the insertion or removal of 
a disconnect pin in a SAKC10 terminal. Insertion of the pin shall enable the over voltage 
functionality. 

The over voltage functionality shall be designed so that its failure will not force the load to 
the Emergency supply. 

The ECO shall be designed to not fail in a "lock-out" mode which requires either the 
Normal Supply or the Emergency Supply to be turned OFF and ON to correct the failure. 

The ECO panel shall provide voltage free contacts for use in alarm and warning circuits. 

It is desirable that the arrangement used does not have failure modes that would cause 
the ECO to continuously cycle between the two supplies. 

It is desirable that the Contactor coil can be safely replaced with the ECO in service, with 
the Normal Supply OFF, Emergency Supply ON, and the Load Supply ON. 
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The usual state of the contactor is energised thus the NO (NORMALLY OPEN MAIN 
POLES) will be closed in this state. The NC (NORMALLY CLOSED MAIN POLES) will be 
open in this state. 

It is desirable to have a Test Switch that permits an operational test of the operation of 
the ECO without turning off the Normal Supply. The Test Switch shall be protected 
against accidental operation. 

Main contact format 

4 main poles configured as 2 NO, 2 NC on a single operating bar. 

During energistation of the contactor the 2 NC main poles shall both break before either 
of the 2 NO main poles are made. That is they will operate in a break before make 
manner. 

During de-energistation of the contactor the 2 NO main poles both shall break before 
either of the 2 NC main poles are made. That is they will operate in a break before make 
manner. 

Auxiliary Contacts 

The contactor shall have two normally open auxiliary contacts. The contacts will be made 
when the load is connected to the Normal supply. 

Failure mode 

The usual failure mode shall be to have the 2 NC main poles made. 

Operate times 

The break in supply during a change from Emergency Supply to Normal Supply shall be 
less than 15mS. 

The time to detect the change in the Normal Supply and change to the Emergency 
Supply shall meet the requirement specified for each condition when the Emergency 
Supply is available: 

Instantaneous drop from nominal to 0.8 times nominal (96Vrms) <120mS 

Instantaneous drop from nominal to 0.4 times nominal (48Vrms) <40mS 

Instantaneous drop from nominal to less than 0.1 times nominal 
(12Vrms) 

<20mS 

Instantaneous increase from nominal to 1.3 times nominal 
(156Vrms) 

<1S 

Operate and drop out times shall be measured with a 20A load, at a 0.8 lagging PF. 

4.2 Contactor Rating 

4.2.1 Rating of each main pole 

The static load current rating shall be less than 50% of AC-1 rating or less than 66% of 
AC-3 rating rounded down to a neat number. 
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The dynamic load current rating shall be less than 75% of AC-1 rating or less the AC-3 
rating rounded down to a neat number. 

Voltage rating shall be at least 600V AC. 

4.2.2 Blow out coils 

Blow out coils for ECO's rated for 100 amperes or more should consider the typical static 
load to alleviate unnecessary contact wear. A typical static load current is less than ¾ of 
the rated current for the ECO Panel. 

4.2.3 Rating of each auxiliary contact 

The minimum switching current shall be 5mA or less. 

The maximum switching current shall be at least 1A. 

Voltage rating shall be at least 300V AC. 

4.2.4 Coil rating 

The coil must be rated for continuous operation in the voltage range of 108V AC to 132V 
AC. 

The coil must be an AC coil. DC coils fed via a bridge rectifier are not approved unless in 
exceptional circumstances. 

Exceptions can be made for contactors with static current ratings exceeding 300A 
provided that a particular request is made for the design. The request will be subject to 
individual approval by the Chief Engineer, Signals and Control Systems. 

4.3 Environmental 
The ECO panel shall be suitable for installation in, and operate correctly in Control rooms 
A1, A2, A3, and Equipment Housings B1, B2, B3, B4 as detailed in Specification SPG 
1856 Specification Environmental Conditions. 

The ECO panel shall operate in an environment susceptible to surge damage on the 
120V AC ‘Normal’ and ‘Emergency’ power supplies. A form of surge protection is required 
on both of these power supplies. As the ECO is downstream from the main surge 
protection, the ECO control circuitry must withstand category B level surges in 
accordance with AS1768. 

4.4 Reliability 
Loss of supply due to a fault within the ECO whilst both supplies are available shall have 
a MTBF for this failure mode of greater than 800 years. 

Failure of the ECO that results in the Emergency supply being fed to load shall have an 
MTBF for this failure mode of greater than 200 years. 

A failure of the ECO that results in the ECO being held on the normal supply when the 
normal supply is below 0.8 times nominal voltage shall have a MTBF for this failure mode 
of greater than 800 years. 

Any other failure mode shall have a MTBF of greater than 100 years. 
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4.5 Life 
Mechanical life shall be at least 4 million operating cycles. 

The ECO shall be designed and constructed for more than 20 years in continuous 
operational service. 

The minimum expected operations per year is 4 times (de-energise and pick up) and the 
maximum expected operations per year is 400 times (de-energise and pick up). 

ECO life expectancy shall consider both the cases of permanently energised and 400 
operating cycles per year. 

5 ECO Panel Ratings 
The standard ECO Panel current ratings are: 

ECO Panel 
Maximum Static 
Load 

Maximum Dynamic 
Load 

Blow Out Coil 
Setting 

50A 50A 80A Not Applicable. 

100A 100A 150A 75A 

200A 200A 300A 150A 

The static load is a continuous current rating. The dynamic load is a short term current 
rating of up to 30 seconds duration. 

6 Construction 

6.1 General 
The currently approved implementation is as per Signalling circuit design guidelines 
SDG001, sheet Emergency Change-Over Contactor circuit in section U. 

All relays and bases used in indicating circuits shall be in accordance with RailCorp 
Specification SPG 1432 Non Vital Relays. 

All plug in relays shall be secured in place using appropriate retainers or clips. 

Replaceable items shall not require unrelated fixed items to be removed to allow 
replacement of the replaceable item. 

6.2 Enclosure For The ECO Panel 
All equipment (except the indicators) including the contactor, relays, timers and terminals 
etc shall be mounted on a metal backing plate of sufficient strength to support all of the 
equipment. The economising resistor may be mounted on the enclosure side panel if 
required but it must not obstruct access or removal of any items within the ECO panel. 

All mounting holes on the metal backing plate shall be threaded so that components can 
be removed (using threaded screws or bolts) and replaced without the need for rear 
access to the backing plate. No loose nuts are allowed on the rear of the metal backing 
plate. The mounting of equipment on either TS32, or TS35 mounting rail is acceptable. 

The metal backing plate is to be attached to the rear panel of the enclosure with at least 4 
shake proof bolts and spacers. 
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The backing plate must be smaller than the rear panel of the enclosure and must have its 
corners trimmed so that access to the enclosure's 4 mounting holes is unrestricted. 

The ECO Panel shall be enclosed in a sheet metal case of Environmental Protection 
Class IP 33 (or better) with hinged front panel. 

The hinged front panel of the enclosure is to use 2 standard turnbuckle locks with 
removable handles for opening and closing the front panel. Key locks shall not be 
provided. The door hinges will be on the right. 

For ECO's rated for 200A or more, two vents are required to allow the heat from the 
economising resistor to be dissipated. One vent is to be at the bottom of the opposite side 
to the economising resistor. The other vent is to be at the top of the top on the same side 
as the economising resistor. The vents are to be designed to allow maximum airflow 
while keeping out foreign objects larger than 2.5mm in diameter so that it meets IP33. 

Space shall be provided beside and behind the main power feed through terminals so 
that the each bolted connection can be disconnected and reconnected without 
disturbance to other connections or equipment. 

Cable glands suitable for 3 pairs of power cables up to 37/2.03 (120 mm2, 21mm overall 
diameter per cable) shall be provided in the bottom of the enclosure. 

A separate cable gland suitable for one 10 core indicating cable, 25mm overall diameter 
shall also be provided in the bottom of the enclosure. 

The following table defines the maximum sizes for each type of ECO panel. 

ECO Panel Maximum Height Maximum Width Maximum Depth 

50A 400mm 400mm 200mm 

100A 950mm 800mm 300mm 

200A 1000mm 900mm 400mm 

6.3 Indicators 
The front hinged panel of the ECO panel shall have three LED indicators.


One green indicator, indicates that the Normal Supply is both available and in use.


One green indicator indicates that the Emergency Supply is available.


One green indicator indicates that the Load Supply is available.


Each indicator LED shall be 22.5mm diameter, Water Clear, Intensity: 1000mcd, viewing

angle: 30 degrees.


6.4 Wiring 
The wiring for the Normal Supply, Emergency Supply, and Load Supply shall be 
segregated and treed or loomed separately before reaching the contactor. 

The wiring for the external indication circuits using the voltage free contacts shall be 
segregated and treed or loomed separately from the Normal Supply, Emergency Supply, 
Load Supply and control wiring. 

Wiring shall be run in cable duct or loom tube and where unprotected, shall be formed 
and secured in a neat wire loom. All terminations shall be fitted with identifying cable 
markers with the terminal number/name that the wire is terminated on. 
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Wire size for power conductors shall be in accordance with AS 3000 for the AC-1 current 
rating of the contactor poles. 

The wire used shall comply with Specification SPG 1013 Specification Cables for railway 
signalling applications – single conductor cables for indoor use, Power cable or Safety 
Critical cable. 

Bus bar may be used if appropriate. Rating and installation shall be accordance with AS 
3000 for the AC-1 current rating of the contactor poles. 

The front panel is to be securely earthed to an earthing stud, which is mounted on the 
right hand side of the unit. 

The use of self adhesive cable tie pads is not accepted, as they are not considered to 
meet the life requirement when used in this equipment. 

6.5 Terminals and fuses 
a)	 All conductors of 4mm2 or less shall be terminated with approved pre-insulated 

double-grip crimp lugs or bootlace ferrules. 

b)	 Conductors larger than 4mm2 shall use approved non-insulated lugs with a heat 
shrink sleeve applied after crimping. The heat shrink sleeve shall cover the 
body of the crimp lug and extend at least 15mm over the conductor insulation. 
In addition all wires and cables of 0.5mm stranding or less shall be terminated 
with lugs or ferrules. 

c)	 All main power feed through terminals and mains cable connections shall be 
bolted type terminal blocks similar to the Weidmuller SAKG28 II. Bolts with 
unsecured nuts must be used with terminals over SAKG28 size, as tightening of 
the bolt may break the melamine. The use of compression type terminals is not 
permitted. Touch proof covers shall be provided and fitted to the main power 
feed through terminals. 

d)	 All fuse holders shall be similar to “Weidmuller” - SAKS1 type with 4A indicating 
fuses. 

e)	 All disconnect terminals shall be similar to “Weidmuller” - SAKC10 type. 

f)	 The resistor terminals shall be similar to “Weidmuller” SAK6N type. 

g)	 All terminals, wiring or equipment that may have voltages above the limits for 
Extra Low Voltage (ELV) shall have insulated protective covers fitted so that the 
arrangement meets the “finger safe” or “touch proof” requirements of IP1X with 
the ECO panel door open. 

6.6 Labelling 
Labelling for all relays, terminals and indicating lamps shall be on Traffolyte and 
permanently affixed. (refer to Specification SPG 1031-General Requirements for 
Labelling of Signalling Equipment) 

The following labels shall be provided on the front panel of the ECO panel enclosure: 

a)	 Emergency Change-Over Contactor Panel - xxx A 120V AC 

b)	 Manufacturer's name or Identity 

c)	 Date of Manufacture. (Eg. Sept 2005) 
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d) Normal Supply Available (Below indicator)


e) Emergency Supply Available (Below indicator)


f) Dual supply warning sign


The dual supply warning sign shall be a warning sign in accordance with AS 1319 Safety 
signs for the occupational environment. The warning sign shall include the warning 
symbol and the words "Dual incoming supplies" 

Internal labels shall be fitted for the 2 incoming supplies (normal & emergency) and the 
output of the ECO. The labels shall also have the Bx and Nx symbols (indicating phasing) 
incorporated with the labels so that the polarity of the terminals is clear. 

a) Normal Supply


b) Emergency Supply


c) Load Supply


Labels shall be installed on the inside of the ECO panel to clearly permanently identify 
each item of equipment.


A circuit diagram of the ECO panel wiring and components shall be provided with each

unit. This circuit diagram is to be attached on the inside of the front panel. The circuit

diagram is to be laminated to provide protection.


The circuit diagram shall include a parts list, which lists individual part numbers and

suppliers for complete parts list of all components that make up the ECO panel.


6.7 Spares to be provided 
The spares to be provided are: 

a)	 A spare coil with each ECO contactor panel. This spare coil shall be identical to 
the one supplied in the ECO panel contactor. 

The spare coil shall be attached to the inside front panel by suitable means to ensure that 
it won’t foul the workings of the ECO and so that it can be removed easily if required (e.g. 
cable tie). 

7 Approved implementation 

7.1 General 
The currently approved implementation is as per Signalling circuit design guidelines SDG 
001, sheet Emergency Change-Over Contactor circuit in section U. 

7.2 Contactors 
Selection of the contactor shall be dependent on the current ratings as specified in the 
Table. 

Coils must be rated for the range from 108V (0.9 times nominal voltage) to at least 132V 
(1.1 times nominal voltage) continuous. This usually means a 127V AC coil. 

Only Telemecanique contactors with the product codes listed in the following table have 
been approved for this application. 
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ECO 
Panel 

Contactor 
Type 

Preferred contactor 
(Telemechanique part no) 

Coil 
(Telemechanique part no) 

50A Block LC1 D80008 G5 127V AC 50Hz LX1D6G5 

100A Bar CV1 GB WB1-HA120 

200A Bar CV1 JB WB1-KB151 

Block type and bar type contactors are to be fitted with (2) normally open and (2) normally 
closed main poles. 2 normally open auxiliary contacts are to be incorporated for the 
operation of the ECO unit. 

The Block contactors are to be fitted with the LA1-DN20 auxiliary contact block to provide 
2 normally open auxiliary contacts. The 2 auxiliary contacts for the bar contactors are 
fitted by the manufacturer. 

Bar contactors will need to be individually inspected and possibly adjustments made to 
the main poles to achieve a uniform opening, closing and to minimise pickup time. 

7.3 Economising Resistor 
The economising resistor serves two functions. Firstly it reduces the holding current for 
the coil. Secondly it reduces any DC current that may flow through the contactor coil 
when the ‘Normal’ supply is lost. 

There can be a significant DC current fed back into the contactor coil from the load (ie 
generated by the collapsing field from the inductive loads as part of the signalling 
equipment). AC contactor coils will remain energised on fairly small DC currents. 

By reducing the DC current flow in the contactor coil after the loss of supply the 
economising resistor allows the contactor to release quickly. 

The resistor value is dependent on the coil and contactor type used. The value is 
normally chosen so that the coil voltage is between 0.85 and 0.9 nominal voltage when 
nominal voltage is applied to the Normal Supply. 

The rated power dissipation of the economising resistor shall be for the nominal voltage 
supply applied continuously across the economising resistor. 

The economising resistor must be mounted away from other equipment in the ECO panel 
enclosure and provided with sufficient air clearance above to allow for adequate heat 
dissipation. Aluminium clad resistors shall be used and mounted on an appropriately 
rated heatsink (using heat transfer compound) to achieve the rated dissipation. Due to 
the possible high operating temperatures of the resistor the heatsink temperature should 
be designed not to exceed 50ºC above ambient. Higher temperatures may damage the 
terminations. 

8 Testing Requirements 

8.1 Visual Inspection 
Each ECO panel shall be visually inspected to ensure that it has all of the required 
components securely mounted and that all of the wiring is neatly loomed together. 
Labelling is to be checked as per the requirements of this specification. A visual check is 
also required that the correct circuit diagram with part numbers and suppliers details is 
laminated and attached to the inside of the front hinge door of the ECO panel enclosure. 
A check is to be made to ensure that the spare coil for the unit is also supplied. 
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Bar contactors are individually inspected to confirm that the main poles achieve a uniform 
opening, closing and break before make operation. 

Electrical Tests 
Each ECO panel is to have the attached test report completed satisfactorily and attached 
to the ECO panel for delivery. The ECO panel will not be accepted for commissioning 
without a completed test sheet. 
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Test Report for a 120V AC ECO Panel


Test Activity Test Requirement Pass 

All labels present, spare coil 
1.	 Visual inspection 

provided, circuit diagram etc 

2.	 Apply 120V AC to Emergency input Connect 
5A load to ECO panel output 
Connect variable supply to normal supply 

VSR pickup 115 ±1V AC 
Adjust supply to 105V AC initially and then

slowly increase. VSR should activate at 115V 

AC


3.	 Apply 120V AC to Emergency input 
Connect 5A load to ECO panel output 

7 ±1 seconds for time delay 
Apply 120V AC to Normal Input 

15 ±1 seconds for economising 
Time how long before the contactor picks up 

resistor time delay relay 
and how long before economising resistor is

connected in series with coil.


4.	 Apply 120V AC to normal input. Wait until 
contactor has energised and the 
economising time delay relay has energised. 

VSR drop away 105±1V AC 
Slowly reduce the Normal supply input to

105V AC. VSR should de-energise and drop

contactor at 105V AC.


5.	 Monitor output of ECO panel with a chart 
Chart recorder printout or scope 

recorder or scope. 
showing that breaks in voltage 

Connect 120V AC to Emergency Input. 
output of ECO panel to be less 

Monitor switch over time of contactor after 
than 18 msec for all ECO panel 

120V AC is applied to the ‘Normal’ power 
ratings. 

supply input Repeat 3 times 

6.	 Monitor output of ECO panel with a chart 
Chart recorder printout or scope 

recorder or scope. 
showing that break in output of 

Connect 120V AC to Emergency Input. 
ECO to be less than 18 msec 

Connect 120V AC to Normal Input 
for block contactor ECO panel 

Monitor switch over time of contactor after 
and less than 35 msec for bar 

120V AC is removed from the ‘Normal’ power 
contactor ECO panel. 

supply input. Repeat 3 times. 

TEST DATE: 

Tested by: Name: 

Signature: 
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