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SCOPE

This specification covers Transnet Freight Rail's requirements for the deslgn, manufacture, delivery,
instaliation and commissioning of the high voltage AC primary circuit breaker control panel and
AC/DC distribution panel for 3 kV DC traction substations. The purpose of the AC primary circuit
breaker control panel and AC/DC distribution panel is to house the protective and control equipment
for the suitable operation of the substation.

BACKGROUND.

3 kV DC traction substation comprises of a high voltage outdoor yard and a building housing the
indoor equipment. The outdoor yard equipment consists of HV disconnects, primary circuit breakers,
current and voitage transformers, and main traction - and auxiliary supply transformers. The indoor
equipment comprises of a 3 kV DC rectifier with its associated control equipment,

3 kV DC high speed circuit breakers, 110 V battery charger unit and batteries.

STANDARDS AND PUBLICATIONS.
The following publications are referred to:

IEC - INTERNATIONAL ELECTROTECHNICAL COMMISSION

IEC 60255-5: Electrical relays - 5. Insulation ceordingtion for measuring
retays and protective equlpmént- feqUirements and fests.

IEC 60529, Degfée of protection providediby Efclosures. (IP code.)

IEC 60051-1: Direct Acting Indicating' Analogue Electrical Measuring
instruments apd their acGessories. Part 1 - Definitions and
general requirements common to all parts,

SOUTH AFRICAN NATIONAL STANDARDS ST

SANS 156; Moulded Ca8e Circuit Breakers.

SANS 1091: National colours standard for paint.

SANS 1274 Coatings applied by the ppwégér;—goatihg process.

SANS 10142; Installation and wifing of prgyﬁiéé's':“

TRANSNET FREIGHT, RIS SPECIFICATIONS 1+ ! vt

CEE.0224; Drawings, catalogues, instruction manuals and spares list
for electrical equipment supplied under contract.

BBB0L41: Preparation of drawmgs for Transnet Freight Rail
Infrastructure. ¢

BBB2502: Requirements for battery chargers for 3 kV DC traction
substations, *

TRANSNET FREIGHT RAIL’'S DRAWINGS

CEE-TBD-7: | Earthing arrangement for 3 ®KV: DC tractlon substation.

CEE-TOK-0027: Controt circuit diagiam N0~volt wc! protectlon

APPENDICES

The following appendices form part of this specification::. &« ..ons
Appendix 1: Shows the recommended layout of the AC/DC Distribution:Panel.

Appendix 2: Shows the recommended layout of the AC Primary Circuit Breaker Control Panel,

Appendix 3. Schedule of requirements.
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7.0

7.1

TENDERING PROCEDURE

Tenderers shall indicate clause by clause compliance with this specification. This shall take the form
of a separate document listing all the specifications clause numbers indicating® the individual

statement of compllance or non-compliance.
The tenderer shall motwate a statement of non-compi:ance

Tenderers sha‘igl.”n5 ubmtt schematics and wmng diagrams, general constructional details and principal
dimensions of the. pat

Failure to comply with clauses 6.1, 5.2, and 5.3 could preclude a tender from consideration.

SERVICE CONDITIONS

The primary circult breaker control panel and AC/DC distribution panel shall be designed and rated
for continuous operation under the following conditions:

ey

ATMOSPHERIC éoNDtTléns )

Altude: ~ U7 : 0 to 1800m above sea level,

Ambient temperature: -5°C to +45 °C,

Relé;ive humidity: 10% to 90%

Lightning Conditions: ’ 12 ground flashes per square kilometre
e per annu.

Po!luti'on: ':'«_ Heavily sait laden or polivted with smoke
e s fron'industrial sources.

MECHANICA'L"'"”' "

thepdn :
The substation: inpwhich the paneis willbe instalied is situated next fo a railway line and the

equipment willtherefore be subjected tQvibration. The design must take appropriate counter
measures {o-ensure reliability of equipmentthat are sensitive.

ELECTRICAL
Nominal DC control Goitage: 110 V (Minimum being 88 V and maximum128 V
Nominal AC auxiliary supply: 400V /230 V, 60Hz

The existing malingrotection current transformers are of the bushing or free standing post type.
The classof the current transformers are 10P10

ThE burden rafing Is of the order of 15VA or greater

Thegsatios are of the order as listed below:

Supply Voltage Ratio

132kV 30/1 or 30/5
B8kV 50/1 or 50/5
66kv 75/1 or 75/5

Equipment within the substation-building environment is subjected to electromechanical interference
as well as voltage surges.

GENERAL REQUIREMENTS OF CONTROL. /DISTRIBUTION PANELS.

The successful supplier shali be responsible for the deslgn, the ratings of all, cabling, wiring,
protection circuitry, sizing of contactors, relays, moulded circuit breakers, (mcb's} Isolators, fused
isolators, fuse ratings, terminations and any other equipment and circuitry used.

in the event of a dispute, Trangnet Freight Rail staff's shall make the final decision on technical

matters.
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8.0

8.1
8.1.1

8.1.2

8.1.3
8.1.4

8.1.5
8.1.6
8.1.7

The construction of the controlfdistribution panels shall be either two separate panels or a
combination of both into one panel with the AC and DC c¢ircuitry separated. Refer to Appendix 1

Clauses 1.0, 2.0 and 3.0.

The control/distribution panels shall be so designed that the control switches are accessible and
indicating lights, flag indicators, volt and ammeters are visible without opening the doors.

-

Appendix 1 and Appendix 2 show the recommended layout of the control equipment on the front
door of the substation control panels.

Alt circuitry shait be wired in the fail to safe mode i.e. relays and contactors must be
de-energised under fault conditions.

Ali relays, control switches, indicating lights, and control push buttons, etc. which are mounted on
panel door shall be suitably labelled fo clearly indicate their function. The labels shall be engraved
with white lettering on a biack background and permanently fixed with miniature

screws, rivets or high quality adhesive.

Laminated plastised labels shall be used for labelling inside the panel and panel doomThe lettering
shall be either engraved or efched.

AC PRIMARY CIRCUIT BREAKER CONTROL PANEL

The panet shali be fitted with the following:

« Flag relays and associated .ED Annuneiator panel. (Clause 8.1)

« AC Primary circuit breaker control circuitry and equipment (Clagjggf-'s::zs

» Redtifier control circuitry and equipment. {Clause(B.3)

» Main AC thermal overioad and instantanegls ovar cﬂr,rent prptecttoq relays. (Clause 8.4)
« Auxiliary transformer overload protegtion relay={Clause.8.7)

+ AC earth leakage protection relay. (Clause’8.5)

» DC Earth leakage protectionyralay (Clause 8.6)

* Main and auxiliary fl@nsformetiprotection circuitry. (Clause 8.7),.. ...

» Local and reméte gontrpi€ircuitry and equipment. (C'i:ai_;ls,e 88) i
+  Emergencystopibution. (Clause 8.11)
s Lock outresst button and indication. (Clause 8.12)

FLAG'ANNUCIATOR UNIT

Fhe purpose of the flag annunciator unit is to give an alarm/indication of the status of the
substation equipment and shall not be used as a tnppmg mechanism for any of the protection
eircuits or form part of the tripping circuits.

el

The design of the flag annunciator unit shall allow any input conditlon to trigger the flag
annunciator alarm and the corresponding indicator shall ifufinate.” =~

All inputs shall be latchable and shall continue to indicate even after a power failure.

The fiag annunciator alarm shall be equipped with a “Test button” which will apply power supply
voltage to all inputs for test purposes.

The alarm annunciator system shall be supplied with a "Reset button™ to clear any alarm.
When buzzers or flashing indicators are fitted an alarm “Accept button” shall be provided.

The flag relay and annunciator unit shall make prowsnon for a mimmum of 20 annunciator
circults,

A Division of Transnet Limited Registration Number 1980/00900/06 Page 5 of 20
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B.1.8 fhe annunc‘iéﬁbr‘* éﬁéil have the following minimum indications.
. Mainoverldad.
o Main overload protéétioﬁ refay fault. (Watchdog faciity)
. Auxmary Overload (if app!tcable)
o Oil temperature ‘
+ Winding te'm'peraturé
« DCEarth Leakage R
s AC Earth leakage.
. Mam tr;nxsf:;rn"l“er Bﬁcholz operation.
o Aux transformer Buchclz operatlon (If applicable).
s Rectifi er Attenuatton and overtemperature
. Rectaﬁer diode fallure L

« Raectifier fan faflure.

400 V 3 phase éuki!iar_y,Supply phase failure.

e Low SFS‘éé"s pressure (If applicable).
8.2 AC PRIMARY CiRCUIT BREAKER CONTROL AND INDICATION
8.2.1 Provision sha]i be made for the following:

» local / Remote two position switch. ThessWwitch shall have no “off” or “neutral” position
s Local indication: Open/@rip {gréen) and closed (Red).
+ Lockout ihciiéation. (Amber)
8.3 RECTIFIER FAN CONTROL. AND PROTECTION CIRCUITRY
8.3.1 Provisiop/halbe fnade for the following:
s _Fan mibtor protection circuitry.

« W Fan Tailure circuitry (vane switch).
The circuitry shall be fail-safe and shall provide a signal to the flag annunciator panel when the

fan fails.

+ Redctifier current sensing circuitry.
The operation of the rectifier fan/fans shall be dependent on the full load current rating of the
recfifier as well as the temperature of the rectifier,
The rectifier current sensing controf circuitry shall operate at 50% (adjustable) of the full load
current rating of the rectifier. The current sensing circuitry shall be adjustable between 10% and
90% of full load of the rectifier.
In order to avoid oscillatory pumping action of the fans a timing circuit shall ensure that fans
remain energised for 2 period of at least 3 minutes after each and every start irrespective of the

load condition in that time span.
+ Diode supervisory circuitry.

» Fan test switch (swiich on front of panel}.
A spring-loaded self-resetting switch shall be provided for the manual testing of the fan/fans.
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8.54
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MAIN AC THERMAL CVERLOAD AND INSTANTANECUS OVERLOAD PROTECTION RELAYS.
The protection relays shait be of the type readily available on the open market.

The protection relays shall be in accordance to |IEC 80255-5 and shall be flush mountéd.
Electronic protection retays shall be provided with a password system to prevent any unauthorised

changing of the relay settings.

The protection relays shall incorporate a watchdog facility, which shall energise in the event of
failure of the relay or refay functions,

The high voltage AC primary circuit breaker shail be provided with AC thermal overload and
instantaneous overload protection on each of two phases

The protective elements of the refay shall be suitable for operation in conjunction with the main
current transformers. The secondary current ratings are 5 ampere and 1ampere.

In the event of protection relay failure, the relay shall fail-safe and shall trip the AC prima&ry circuit
breaker.

The thermal overload protection shall be provided to permit loads not less thanthe specified load-
rating curve of the 3 kV reclifier, which is tabled below and shall not exceed the manufécturers,
declared recfifier rating.

2 X full load for 30 minutes

3 x full load for 1 minute

3.5 x fulf load for 10 seconds. #

4.25 x full load instantaneous

Short ¢irouit proof for 200 milli seconds

The operating level of the overload elements and time detay settmgs shall be independently
adjustable.

For AC overload the protaction relay shallhavéea minlmum calib}'ating range from3ic6 times the
full load line current of the rectifier equipgment.

The AC overload protection shall be providedwith an adjustable time delay fo prevent operation as a
resuit of inrush currents during®witching of the transformer, and to provided sufficient time delay of
operation to ensure that only,the 3 R DC high speed track circuit breakers operate under fault

conditions.
AC EARTH LEAKAGE PROTECTION RELAY

An instantanseus relay for the AC earth leakage protectlon shail be supp[sed The relay may be
separate o incorpafated as a function of the main overload relay: - i

TheAG edith falilt protection shall trip and lockout the AC primary circuit breaker in the event of
anly flagshoveror earth leakage which may occur on the outdoor AC hlgh voltage equnpment

The relay shall be suitable for operataon in conjunctton wath ts associated earth fault current
transformer. The relay shall have a calibration range of between from 50 to 100 amperes adjustable.

The relay shall be fitted in the primary circuit breaker control panel.
DC EARTH LEAKAGE PROTECTION RELAY.

The DC earth leakage relay shall not be fitted in the control panel but on the outside of the control
panel. In the case of space constraints (single unit substatidns) the’ relay may be mounted on a wall
or other locatlon, which shall be decided after consultation with Transnet Freight Rail's staff.

The steelwork of all 3 kV DC equipment installed in a traétion substétion is connected to a DC earth
Ieakage busbar which is mounted on insulators. This busbar is connected to the substation negative
(which is near earth potentlal} through the DC earth leakage relay.by means of two 85mm? PVC
insulated copper cables. In the event of a failure of the 3 kV DC insulation, the fault current flows to
rail (substation negative) by way of the relay causing its operation at.the, calibrated current setting.
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The DC eaith legkage busbarmay also be instafled so that |ts passes through the aperiure of the
DC earth leakage relay. The one side of the busbar is connected to the substation negative and the
stee[work of the etectncal equ;pment is connacted on the other side.

13

A suitable DC eerth Ieakage ralay shall be provided that will trip at a predetermined value in the
event of failure of the 3 kV DC insulation.

The DC éarth leakage copper busbar dimensions minimum 50x10 mm? shall be provided for.
Prov:swn shall be made for a minimum of ten 95 square mm conductor lugs.

The connection between the DC earth ieakage primary busbar and the steslwork of the equipment
inside’ the stibstation shall bé made by means of 95 mm? PVC insulated conductors.
{Drawing CEE-TBD-7 whHich shiows a typical layout of the interconnections between the steelwork of

the equipment and the DC earth leakage busbar.

The DC gartly Ieékage relay shall be robustly constructed and protected against the ingress of dust,
dirt and molsturg.

The DC earth lsakage reldy shall have provision for lead-and-wire sealing to prevent unauthorised
tampering witti-the calibration.

Once the DC earth ieakage relay has operated it shall remain latched in the tripped pesition until it is
mantally resst -

The operallon‘ of the DC earth leakage relay shall be Instantaneoys.

The DG earth leakage relay shall be prowded with & flag indiéator ahd.faCilities for electrical remote
flag ind:catloh '

The DC earth leakage relay shall incorporate sufficiént auxiliary contacts to enable the correct
operation of thé'cifcuit. THe tontacts shall be continuelsly rated to carry and make or break a 5 A,

110V inductive’diruit:

The‘aperture‘bf‘*the"lmégr‘ietié't:ore of thé DC eapthleakage relay shall be large enough to
accommodate’two'85mm? PVC insulated copper conductors, which connect the DC earth leakage
busbar to substa,tion negative. (See Engingsfing Instruction 8.013 Issue 2).

The DC earth leakage relay shalhbe capable of operating under short-circuit conditions where the
fault current ¢ould be indhe‘erder of 50 kA DC and the possible rate of rise between 3 and 6 kA per

second.

The teip setting of the DG, eérth leakage refay shall be easily adjustable in the range 10~ 200 A,
The trip setting shall be indicated on a dial and pointer to facilitate calibration.

The calibration miist be stable and accurate to plus minus 10 percent of the frip setting of the DC
earthleaktage selay.

The'DCwearth leakage relay shall be protected from accidental damage or contact by a sturdy
endlosure manufacturad from a suitable transparent non-conductive material,

The copper busbar shall be insulated from the mounting surface by means of suitable insulators efc
and provision shall be for the termination of the earthing conductors.

MAIN AND AUXILIARY TRANSFORMER GAS ACTUATED AND TEMPERATURE PROTECTION
RELAYS CIRCUITRY

Provision shall be made for the main transformer Bucholz relay and oil and winding temperature
relay alarm and trip circuits.

Provision shall be made for the auxiliary transformer Bucholz relay and oil f winding temperature
alarm and trip circuits as required,

OVERLOAD PROTECTION FOR AUXILIARY TRANSFORMERS

An overload relay shall be supplied for the protection of the primary winding of the auxiliary
transformer.

A Division of Transnet Limited Registration Number 1990/00900/06 Page 8 of 20
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8.2

8.10

8.1

8.12

8.13

The overload protection refay shall be the Strike FP2004 or other type approved by Technology
Management.

LOCAL AND REMOTE CONTROL CIRCUITRY AND INDICATION EQUIPMENT -

Provision shall be made for the local and remote tripping and closing of the AC primary circuit
breaker.

TRiP CONDITIONS
A trip refers to a condition where a substation may be switched back on load from local or remote

in the case where the relevant fault has cleared itsalf.

» Main Overload.

¢ Auxiliary transformer overload.

+ Qil Temperature.

» Rectifier over temperature.

e 400 V auxiliary supply phase failure with time delay module adjustable from 0o 60 seconds.
s  Wave filter room interlock (where fitted)

LOCKOUY CONDITIONS

A lockout refers to the condition where the AC primary circuit Breaker istripped and inhibited from
being closed by either local or remote control signal. In crder t@ bring the substation back on load
the relevant faiture has to be addressed and reclified from,inside the substation.

» DC Earth Leakage. Complete substation lockeut.
* AC Earth Leakage.

o. Protection relay failure. (Watchdog)

» Rectifier first diode failure.

+ Rectifier attenuation failure:

s Battery undervoliage)

» Bucholz main transfogmer.

» Buchglz auxiliarytransformer {if applicable).
» dlow)SFo\gas (If applicable).

+ ) Winding temperature.

» Rectifier fan faflure.

« No volt coil protection. Refer to Transnet Freight Rail's drawing No CEE-TBK-27 for control
circuitry. i i

EMERGENCY STOP

A mushroom head (red) latched push button shall be provided. The operation of the pushbutton shall
completely shutdown and isolate the substation from all supplies by the tripping of the high voltage
AC primary circuit breaker(s) and all the 3 kV DC track breakers. It shall not be possible to carry out
local and remote control of the equipment until the emergency push button has heen reset,

LOCK OUT RESET BUTTON AND INDICATION.

Provision shall be made for the manual reset of a lock out condition, which occurs in the substation.
The reset of the lockout condition shali only be possible with the operation of the annunciator flag
reset and lockout reset bution.

A Division of Transnet Limited Registration Number 1990/00900/06 Page 9 of 20
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2.0 AC/DC DISTRIBUTION PANEL

The panel shall make provision for:

AC Distributior (400 V,'3 Phase) (Clause 9.1.)
DC Distribution (110 V DC) (Clause 9.2)

DC Control and supervisory circuitry and track breaker control. (Clause 9.3)

9.1 AC DISTRIBUTION. (400V, 3 PHASE)

Provision shail be for the following:

[ 3

3 phase 15 kA short circuit rated, 415 V moulded case circuit breaker / fused isolator for the
protection of the three-phase auxilfary transformer supply. The fused isolator shall be the AEG or
equ_ival,er]t.tgpe that ha:s_ been approved hy Technology Management.

busbars protected by clear Perspex barriers shall be marked with a danger sign and\"400 V."

current transformers in the control panel for the measurement of the low valtage currents for each
phase of the 400 V supply,

ammeter and voltmeter for the measurement of the 3 phase currents agd Voltages.

suitable four-way rotary selector switches for the measurementof the 3 phase currents and
voltages.

9.1.1 400V 3PHASE DISTRIBUTION SUPPLY

The following 3 phase supplies are normally requir€d bt could vary for each substation,
These supplies shall be individually protectedsy pulded case circuit breakers.

Substation distribution board.

'Substation bullding fan. %,

Battery room fan inoilidinG'eVerload protection.
Spare supply pointsias required.

40 A supﬁlir fdr regenerative breaking absorption equipment where specified.

9.1.2 3 PHASE DETECTION FAILURE RELAY,

@ne three phase detection failure relay shall be installed in the panel. The relay shall monitor the
400°V pariel supply for the following:

»

Phase failure.
Sequence reversal.

Excessive phase unbalance.

The relay shall have of hystsresis of not more than 6% and a reaction time of 3 seconds or
better.

An adjustable time delay setting shall be incorporated on the front of the detection relay to
prevent the operation of the relay due to Eskom supply dips. The time delay adjustment shall be

between 0 to 60 seconds.

9.1.3 230 V SINGLE PHASE DISTRIBUTION SUPPLY

The following single phase supplies are normally required but could vary for each substation, These
supplies shall be individually protected by moulded case circuit breakers.

A Division of Transnet Limited Registration Number 1990/00900/06 Page 10 of 20
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s Telecontrol supply.
o Eskom metering supply.

+

« 3 pin 230 V, 15 A socket outlet protected by earth leakage unit in accordance with
SANS 10142

« Battery charger supply.

s Substation distribution board and lights.

e Supplies to the primary circuit breaker confrol panel.
9.1.4 400V AUXILIARY SUPPLY CHANGE OVER SYSTEM

9.1.4.1 Uniess otherwise specified a 400 V auxiliary supply change over system shall be installed in the
panel to provide a continuous 400 V supply in the substation for the following situations.

« Where in & double unit substation two auxiliary transformers are installed and onesunit is
switched off or

¢ Where it is required to supply the fraction substation from a standby auxiliary stpply’in the event
of the traction substation been switched off.

9.1.4.2 The contactors for the change over system shall be mechanically afid electrically interlocked.
9.1.5 INDICATING INSTRUMENTS FOR THE 460 V AC DISTRIBUTION
The panel shall be fitted with the following indicating insteumeritfor the AC distribution auxiliary
supply.
s One 0 to 400 V voltmeter with its own seleqfor swifchy The instrumeént shall be labelied
"AC VOLTS"
« One 0to 100 A ampere meter with it§ own Selector switch. The instrument shall be labelled "AC
AMPERES”
9.2 110 DC VOLT BISTRIBUTION
9.2.1 The 110 V DC supply shall be obtained from the substation battery bank, which is charged by a

freestanding batteryicharger upit. Refer to Transnet Frelght Rail's Specification BBB 2502 iatest
version. The Installation ofabattery charger inthe AC!DC dsstrlbutlon panet is not acceptable.

9.2.2 INDICATING INSTRUMENTS

9.2.2.1 Onie 9tewis0 V DC voltmeter labelled "DC VOLTS” to indicate the battery output voltage. The
voltmeter shall be provided with a sefector switch to be able select any of the following positions:

4 DC VOits. FEPE .i Tieoowdiand .3 .
» Battery earth fault between battery positive and negative DC earth leakage busbar. (Frame)
« Battery earth fault between battery negative and negative DC earth leakage busbar. (Frame)

8222 One 0 to 150 V DC voltmeter labelied “HOLDING COIL VOIL.TS" to indicate the holding coil supply
voltage. S

9223 One 0 to 30 A DC ampere meter labelled "HOLDING COHL AMPERES“ to indicate the hoidmg coil
current. . o

9.2.24 One 0 to 30 A DC ampere meter labelled "DC ANIPERES" to indicate the battery output current.

8225 One DC ampere meter labelled "BATTERY FLOAT CHARGE?” to indicate the float charge to the
battery. A short circuiting spring loaded switch shalt be provnded to protect the instrument against

fault conditions i.e.

R LR

A Division of Transnet Limited Registration Number 1990/00900/06 _ ' Page 11 of 20
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Charging batteries at the maximum rate,

Reverse 'c:ﬁ'ri"éi‘i‘t':fhrbﬁg;ﬁ the ammeter when the battery charger is disconnected.

9.3 110V DC DISTRIBUTION SUPPLY

9.3.1 The following 110 V DC supplies are normally required but could vary for each substation.
These supplles shalf be mdlv:dualfy protected by moulded case circuit breakers.

Panel lamps and switches.

Primary c,ti,rggig‘;?‘reqjﬁe‘r“cgntro! panel,
3pin110 V. 15A DC _ggck_‘et outlet.
Substation disfribution board.

Eskom metering.

Telecontrol. .

3kvDC nggrvoftage relay.

For the 110 V battery supply a double pole, 100 to 150 A DC Isolator of M@8) dependant on the
ampere- -hiour rating of the batteries shall be provided.

Protectioh and control gircuit supplies for regenerative braking equippent. (If specified).

9.3.2 For the frack p_teake; c,ontrpl circulfry the following size fnébis shall be required:

| ]

The 110 V positive (busbar) supply for the closing coll requires 80 amperes or less depending on
type of track breaker.

The 110 V.negative (busbar) supply fomtherclosing coil requires 80 amperes or less depending
on type of track breaker.

The 110 V constant voltage pogitive stipply for the halding coil requires 5 amperes.
The 110 V positive (busbarsupgly for the holding coll reguires 5 amperes.

The 110 V negatite (bdsbar) supply for the holding coll requires 5 amperes.,

9.4 DC CONTROL AND'SURERVISORY CIRCUITRY AND TRACK BREAKER CONTROL.

The DC dontrol"and supervisory system shall have the following circuitry fitted:

-

Battery undérvoltage relay adjustable from 80 fo 110V DC.

Lockout relay.
Earth leakage slave relays.

3 kV DC High Speed Circuit Breaker controf circuitry (dependant on nrumber High Speed Circuit
Breakers.)

Selector and control switches.

Measuring instruments for DC amperes, DC voltages, Holding coils voltage and holding coil
current.

10.0 PROTECTION RELAYS
10.1 The protection relays (see clause 8.4 and 8.5) shall be flush mounted on the panel door.
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11.0 CIRCUIT BREAKERS, CONTACTORS, RELAYS AND INDICATING LAMPS.

111 Alt contactors and refays shall be protected from the ingress of dirt or dust by means of suitable
non-flammable dust tight covers, The relays shall have a protection rating of IP 34 as defined in
IEC 60528.

11.2 All circuit breakers, contactors, relays and indicating lamps shall be readily available on the
open market.

1.3 Contactors and relays shall be of the sturdiest construction and shall not be affected by vibration.

11.4 DC aperated relays shall be capable of satisfactory operation between 85 Volts and 140 Voits

without any damage to the relays.

11.5 AC operated relays and contactors shall be suitably rated for the auxiliary supply voltage, which
could vary due to the tapping range of the maln and auxiliary transformers.

11.6 The contractor shall supply and install surge protection for the 400 volt 3 phase AC and §10 volt DC
supplies to the control panels.

11.6.1 Dehn type surge protection units or equivalent shall be provided for the 110 volfDC supply“and shaill
be connected as follows:

+  One unit connected between the 110 Volt DC Positive and Negative,
«  One unit connected between the 110 yoit DC Positive and the panel earth,
»  One unit connected between the 110 volt DC Negativé anldt the panel earth.

11.6.2 A DehnGuard MTT pole surge protection unit or equwaient shall'be provsdect for the 400 volt three
phase AC supply to the control panels. -

1.7 All low voltage circuits in the panel, which reqilire proteciion, shal| be suitably protected by
moulded case circuit breakers, which copfply with the requirements of SANS 156,

11.8 The low voltage moulded case circyit breakers/shall be of suitable rating and rupturing capacity.

11.9 Selector switches used for the BGwoltmeter shall be of the make before break type.

12.0 ELECTRICAL MEASURINGNNSTRUMENTS

12.1 The type of measuring,instruptents shall be readily avaliable diﬁ_‘thej jcbiéfn}f'lra’arket.

12.2 All analogue, Electrical indication meters shall be In accordance w;th I@C 60051 1. The meters shall
be flush picunted.

12.3 Analogle meters shall be used for the measurement of AC values and shall have a class index of
18, The:analogue face of the meters shall not be iéss than 96mm % 98mm with a 90 degree
display.

12.4 Analogue or digital meters may be used for the measurement of DG/ vbitage and current.

12.5 Digital instrumnents shall have a display of 3.5 digits, 12 milli meters high and have an accuracy of
0.5%.

13.0 TELECONTROL e seeas
Provision is made for the closing, monitoring and fripping of the substation equipment from a
Control office.

Telaconirol signais are incorporated in both the AC anary Clrcuat Breaker and the AC/DC
Distribution panels. Provision shall be made for the términation of thé telecontrol signals fo a
common terminal strip. This is connected to the telecontrol panel by means of a multicore cable.
Provision shall be made for the following signals:

13.1 AC PRIMARY CIRCUIT BREAKER

¢ Open, Close and Lockout conditions.
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3.2 3V DC HIGH SPEED CIRGUIT BREAKERG.
« Open, Cfo;é‘é.r‘ia Lockout conditions.

13.3 TRANSFORMERS (Mam and Auxiliary where applicable)
. Transformer Overload '
. Over temperature (Olf / winding).

e
. Bucholz operatlon

134 EARTH FAJL{" Eéhblflo&s
« DCEarth Le§kage o
« AC Earth‘l:eéiéé‘ge R
13.5 RECTIFIER FA!LURE “
; Over temperature |
¢ Diodefallure.. « e
o Fanfailurer- .. 000
13.6 SUPPLY VOLTAGE FAILURES #
o 400V AC Ei:u.;xméry supply phase failure.
« 110V DCFailire.
« 3KVDC undervoitage r,él_;ay failure.
13.7 BATTERY ... ..

¢ Battery undervo!tage

13.8 MAIN OVERLOADIAC EARTH REAKAGE RELAY FAILURE
+ Protection relay failtire. {Watehdog)

14.0 WIRING AND IERM%NALS.

14.1 Sufficient termiﬁal sirips shall be provided for the number of circuit breakers to be confrolied.

14.2 All terminals onequipment stich as switches and relays shall be suitably numbered and reflected
aif the substation schematics and wiring diagrams.

14.3 All'terminal blocks and groups of terminal blocks shalt be suitably numbered.

14.4_ Al wires shall be provided with identification tags at terminals and shall be marked as reflected on

the panel-wiring diagram. The diagram markings and wire markings shall be the same.

14.5 Terminals shall be provided near the bottom of the panels for the connection of cables from
ducts, pipes etc. The terminal strips shall be grouped together and arranged so as to facilitate
the removal of connections.

14.6 Suitable terminal strips shall be provided to facilitate wiring between the various items of
equipment and to the remote control station or telecontrol,

14.7 All wiring shall be carried out on the loop-in system and the looping-in shall be done at the
terminal strips. "X" type wiring will not be acceptable.

14.8 The method of loop wiring from one relay to another without protection for the individual circuits is
not acceptable.
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14.9

14.10

14.11

14.12

14.13

14.14

14.15

14.16

14.17
14.18

15.0
15.1

15.1.1

16.2

16.3

154

16.5

15.6

The cross-sectional area of all small conductors for low voltage circuits shall be not less than that
required to ensure sufficient mechanical strength. The conductors shall be stranded to ensure

flexibility,

L3

All wires and conductors for low voltage circuits shall be a minimum of 2.5 square mm with the
exception of the main battery supply cables between the main battery switch and busbars, which

shall be at least 16 square mm.

The conductors for the multicore telecontrol cable shall be af least 1,5 square mm per conductor.
Provision shall be made for 10% spare conductors in the multicore telecontrol cable supplied.

All wires and conductors shall be routed via PVC channel trunking with a removable cover. Use
should be made of frunking of sufficlent capacity to easlly hold the conductors and wires.

Where low voltage bushars are mounted inside panels, they must be mounted in such a manner as
not to cause a hazard to maintenance staff working in the panels. These busbars shall be provided
with translucent Perspex barriers {o prevent accidental contact with the live busbars. The Darriers
shall be provided with warning signs.

Where equipment is mounted on the doors of the panels, adequate flexibility of¢he wiring Shall be
provided to eliminate any damage to the conductors.

The panels shall be provided with earthing studs for 95mm earthing cables, (CEEXTBD-7 Earthing
arrangement for 3 kV DC traction substations.)

PROTECTION TEST BLOCK

A test block shall be provided for the main overload proteClion reiays';étr;;d\shalt be fitted in the control
panel at a height of one metre from the bottom of thegontrol

The test block shall be the PK2 or ChamberlaingHeckam type.

The test block shall form part of the circuitrwfrom the Secondary wiring of the current transformers
that terminate in the control panel and the overloadprotection refays.

PANEL CONSTRUCTION. L

The panels shall be construgted\from steel sheeting of at least mehthlc_}sness. The panels shall
be of a rigid constructiopWith Tacllities for lifting purposes. - U ‘

Only on speciai reqtiest Wil thepanels be constructed from stamle$$ stee| or other rust resistant
steel. o ] G

The minimpém dimepsions shall be;

Height 2100mm (inciuding metal plinth) o
Widith 4600mm B AT I WETT
Bepth 8900 mm

Any deviation from the above dimensions shall be discusseéd with Trarsnet Freight Rail's electrical
staff.

The paneis shall be supplied with rigidly constructed removable gland plates fitted at feast 100 mm
above the metal plinth to allow for easy access o cables. All required holes shall be punched into
the gland plates by the successful tenderer. Any devnatlon ffom this shall be discussed with

Transnet Freight Rail.

The panels shall be provided with hinged front doors lo a[low éasy access to the control equipment.
The doors shall be fifted with & handle or panet key Iocks A msmmum pf two keys shall be supplied
with each panel. Y

The panels shall be fitted with dummy interior covers so as to ensure that when components are
mounted, no bolts, nuts or screws are visible on the extenor of the panels

The contral panel(s) shall be powder coated in accordance with SANS 1274. The finishing colours
shall be Eau-de-Nil to SANS 1081 colour No H 43 on the outside and whnte gloss on the inside of the

panels. P
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15.7
15.8
15.9

16.10

15.11

16.12

1513
16.0
16.1

16.2

17.0
17.1

17.2

17.3

17.4

17.6

18.0
18.1

18.2

18.3

18.4

18.5

18.0
18.1

19.2

Thé cdﬁt?oi ﬁar{‘éiféhéis bemounted and secure onfo a 75mm high metal plinth.
The panels shail be ifistilated from the concrete floor to reduce stray currents flowing mto the panels.

The control and, protective equipment shall he mounted on or within suitable panels constructed of
sheet metai and' q'WEth front opemng hinged doors to ail allow for easy access to the equipment.

THe panels shaii be 50 cohstructed that control smtches indicating lamps, voltmeters and ammeters

The layout of -the:éontrol equipment fitted on or in the panels, which includes relays, contactors,
busbars, terminal strips etc shall provide for easy access.

The panels shall be provided with a 230V AC light with its own standby battery supply. The light
shall be switched on by means of a micro switch when the panel door is opened.

Three pin’15-amipeére Aiidustrial plugs shall be supplied for both the 230V AC and 110V DCsupplies.
QUALITY ASSURANCE"

Transnét Fréight Rail reserves the right to carry out inspection and any tests ofthe equipment at
the wotks of the supplier/ manufacture.

Arrangeéments miist be made timeously for such inspections to be carried eut Before delivery of the
equipment to the client.

SITE TESTS AND COMM%SS!ONING

The contractor shal! be responsnble for carrying out onssite Timctional tests before the commissioning
of the equipaﬂent

Acceptance by the Maintenance Engineer or tife delegated staff of satisfactory completion of on-site
tests i no waly relieves the contractor of his gbligation t0 rectify defects which may have been
overlooked ‘or ‘become évident at a latepStage.

Commissioning Will only take place afterall defects have been reciified to the satisfaction of the
Maintenance Engineer or the delegated staff.

Commissioning will inclugé'the enefgdising of equipment from the primary isolator to the track feeder
circuits. The contractormust proye the satisfactory operation of equipment under five conditions.

On completion oficommissiofiirg the contractor will hand the equipment over to the Maintenance
Engineer or the delegated staff in terms of the refevant engineering instructions.

DRAWINGS, INSTRUCTION MANUALS AND SPARES LISTS

Dréwings,instruction manuals and spare parls catalogues shall be supplied in accordance with
Trapsrebfreight Rail's specification CEE.(0224 and BBB0041.

The tenderer shall supply three copias of an instruction/maintenance manuals, schematic and wiring
diagrams.

Approved schematic and wiring diagrams, which are supplied for maintenance and faultfinding, shail
be A3. (28,7cm x 42cm).

The contractor shall submit detalls of spares required in accordance with specification
No. CEE.0224.

All spares recommended for normal maintenance purposes that are not available locally (requires
importation) must be highlighted.

SPECIAL TOOLS AND/OR SERVICING AIDS

Special tools or servicing aids necessary for the efficient maintenance, repair or calibration of the
equipment shall be quoted for separately.

Tenderers shall submit detalled offers for special tools and servicing aids including all specialised
equipment required for the servicing and maintenance of the equipment supplied.
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20.0 TRAINING

20.1 The tenderer shall submit details with the tender of the training courses, which will be conducted
by the confractor for the training of Transnet Freight Rail's maintenance staff in the operation and
maintenance of the equipment supplied. The courses shall Include theoretical as well as practical
tuition. The date and venue of this training course shall be arranged with the maintenance manager.

21.0 GUARANTEE AND DEFECTS

211 The contractor shall guarantee the satisfactory operation of the complete electrical installation
supplled and installed by him and accept liability for maker's defects, which may appear in design,

materials and workmanship.

21.2 The guarantee period for all substations shall expire after;
A period of 12 months commencing on the date of completion of the contract or the date the

aquipment Is handed over to Transnet Freight Rail whichever is the later.

21.3 Any specific fype of fault occurring three times within the guarantee period and which cannot be
proven to be due to other faulty squipment not forming part of this contract e.g., fauliyMecomotive or
overhead track equipment, etc., shall automatically be deemed an inherent defect. Such inherent
defect shall be fully rectified to the satisfaction of the Maintenance manager andat theycost of the

Confractor.

21.4 if urgent repairs have to be carried out by Transnet Freight Rail's staff tomaintain supply during the
guarantee period the contractor shall inspect such repairs to ensure that the guarantee period is not
affected and should they be covered by the guarantee, reimbirse Transriet Freight Rail the cost of

material and labour.

22,0 PACKAGING AND TRANSPORT. ) o
22.1 The tenderer shall ensure that the equipment fie packed m such a manner that tt will be protected
during handling and transport.
222 The tenderer shall provide transport forithe delivery of the equipment to the site where required.
RIS R R
END
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APPENDIX 1
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APPENDIX 2
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SCHEDULE OF REQUIREMENTS

{To filled in by the client)

OPTIONS OF CONTROL PANELS CONSTRUCTION.

1.0 Single AC primary circuit breaker control panel,
2.0 Single AC/DC distribution panel.
30 Combination of 1.0 and 2.0 into one panel.

4.0 Name Piate of substation to be fitted on the control panels

YES/NO
YES/NO
YES/NO
YES/NO

APPENDIX 3
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