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	[bookmark: _Toc271299907][bookmark: _Toc42013482][bookmark: _Toc88023419][bookmark: _Toc110408089][bookmark: _Toc288204480]Scope
This specification details the requirements for the design, construction and supply of standard prefabricated secondary substations suitable for outdoor use.  These units are also referred to as miniature substations (MSS) or Compact substations (CSS) and this specification applies to the “NON WALK IN” plinth mounted type where all equipment is operated from the outside.  These substations cater for power ratings of up to and including 1600kVA and medium voltage ratings switchgear rated up to 24kV and with Low Voltage compartments rated up to and including 690 Volts and suitable for operation at power system frequencies of either 50Hz or 60Hz.

	[bookmark: _Toc276641043][bookmark: _Toc271299908][bookmark: _Toc288204481]Technical Requirements to be Specified by the Engineer

	[bookmark: _Ref3964366][bookmark: _Toc226184207][bookmark: _Toc233514044][bookmark: _Toc278455998][bookmark: _Toc288204482]General
The scope of work includes the furnishing of all labour, material and services for the design, supply, manufacture, testing and inspection at works, delivery to site and rectification of defects developing during the warranty period as specified below.

	[bookmark: _Toc226184208][bookmark: _Toc233514045][bookmark: _Toc278455999][bookmark: _Toc288204483]Work to be included
All work in 2.1 above.
Drawings, data sheets and documents per data sheet.
First filling of unused insulating oil. (when applicable)
Supply of all operating tools required.
Other work as stated in data sheet.

	[bookmark: _Toc288204484]Work to be excluded
Civil foundations.
Offloading (unless requested in data sheet)

	[bookmark: _Toc271299910][bookmark: _Toc276641045][bookmark: _Toc288204485]Abbreviations / Definitions
For the purposes of this specification the following definitions shall apply:

	ACB
	:
	Air Circuit Breaker

	BIL
	:
	Basic Insulation Level

	BUS
	:
	Bus-section

	CSS
	:
	Compact “non walk in” substation

	CT
	:
	Current Transformer

	ECC
	:
	Energy Control Centre

	FAT
	:
	Factory Acceptance Test

	GRP
	:
	Glass-reinforced polyester

	IEC
	:
	International Electro technical Commission

	INC
	:
	Incomer

	LV
	:
	Low voltage (below 1000 V)

	masl
	:
	Metres above sea level

	MCC
	:
	Motor control centre

	MCB
	:
	Miniature circuit breakers

	MCCB
	:
	Moulded case circuit breakers

	Mini-sub
	:
	Miniature substation

	MSS
	:
	Mini-Substation

	MV
	:
	Medium voltage (between 1000 V and 24 kV in this spec)

	RMU
	:
	Ring main unit; MV switch arrangement comprising two MV switch- disconnectors for the ring connection and an MV  “Tee off” switch with fuses or a circuit breaker to the  distribution transformer.

	SLD
	:
	Single-line diagram (one line diagram)

	SI
	:
	Systeme Internationale

	SWA
	:
	Steel wire armoured

	VCB
	:
	Vacuum circuit breaker

	VT
	:
	Voltage transformer

	The following terms are defined in the General Conditions of Contract:
Anglo American, Company, Contractor, Engineer, Approved.
The terms “manufacturer” and “supplier” are, for the purposes of this specification, interchangeable.

	[bookmark: _Toc271299911][bookmark: _Toc276641046][bookmark: _Toc288204486]Requirements

	[bookmark: _Toc214080094][bookmark: _Toc215037646][bookmark: _Toc233514049][bookmark: _Toc278456003][bookmark: _Toc288204487]Conflicting Requirements
Should any conflicts between the requirements specified in this specification and other related documents, priority shall be given to the requirements of this specification including data sheets and drawings.  Any such conflicts are to be brought to the attention of the engineer.

	[bookmark: _Ref211651113][bookmark: _Ref211651124][bookmark: _Ref211651132][bookmark: _Toc214080095][bookmark: _Toc215037647][bookmark: _Toc233514050][bookmark: _Toc278456004][bookmark: _Toc288204488]Manufacturers Responsibilities
Refer to data sheet for a detailed listing of the manufacturers responsibilities.

	[bookmark: _Ref210817025][bookmark: _Toc214080097][bookmark: _Toc215037649][bookmark: _Toc233514051][bookmark: _Toc278456005][bookmark: _Toc288204489]Codes, Standards and Specifications 
[bookmark: _Toc214080099][bookmark: _Toc215037651][bookmark: _Toc233514054]Refer to Appendix A (Related Documents).
Where local standards and specifications have been used in the manufacture, these shall be traceable back to the relevant IEC or ANSI standards.

	[bookmark: _Toc214080100][bookmark: _Toc215037652][bookmark: _Toc233514055][bookmark: _Toc278456006][bookmark: _Toc288204490]Operating Conditions
[bookmark: _Toc233514056]Site operating conditions
The unit shall be suitable for operations in the following conditions.
	Altitude
	:
	See data sheet

	Ambient air Temperature
	:
	See data sheet

	Humidity
	:
	See data sheet


Electrical operating conditions
See data sheet

	[bookmark: _Toc278456007][bookmark: _Toc288204491][bookmark: _Toc214080102][bookmark: _Toc215037654]Documentation
Document format and language
All text, titles, notes on drawings, technical documents, operating and maintenance manuals, legends, labels and rating plates on equipment and operating panels shall be in English.
All drawings, technical documents, instruction manuals, plates and labels, process quantities, calculations and dimensions shall be in SI units.  Text files shall be in Microsoft Word or Microsoft Excel.
All as built documentation required to be in electronic documentation shall be in PDF format. Catalogue type drawings will be acceptable during the tender process.
[bookmark: _Toc233514059]Documentation to be provided by the Purchaser
Refer to the data sheets to be completed by the Engineer and Supplier. 
[bookmark: _Toc214080103][bookmark: _Toc215037655][bookmark: _Toc233514060]Documentation to be provided by the Manufacturer
Data sheet with column “OFFERED” duly completed.
A dimensioned outline drawing of the unit.
A drawing detailing the plinth details.
A schematic diagram of the primary connections and drawings of auxiliary circuitry. 
Comprehensive spares / replacement parts lists, with prices, for all major parts, including quantities to cover a period of 10 years and including parts required for commissioning. 
A list of special tools and accessories required, with quantities and prices.
The manufacturer’s risk analysis in which the risks pertaining to design and manufacture of the mini-sub have been identified assessed and mitigated. 
Valid type test certificates / reports giving evidence of the ability of the mini-substation to withstand satisfactorily the prospective fault conditions. A warranty stating that the equipment being quoted for will be built in identical fashion to the samples for which the relevant test certificates have been issued.  These certificates are to be from testing authorities recognised by the purchaser. Maintenance and operating procedures.
All documents are to be made available in hardcopy format as well as in electronic format.
3 sets of hard copy “AS BUILT” documents as well as 3 separate discs each containing a full set of all documents in PDF  file format.

	[bookmark: _Toc278456008][bookmark: _Toc288204492]Design Data
Fault withstand capability
All components of the mini-substation shall withstand without injurious effect the stresses produced under electrical fault conditions when connected to an electrical system as mentioned in the data sheet.  
Impulse ratings
The rated impulse voltage and rated rms short duration power frequency withstands voltage (1min) shall be as shown in the following table.
	Rated Voltage
	Rated rms short duration power frequency withstand voltage
	Rated Impulse Voltage

	7.2kV
	20kV
	75kV

	12kV
	28kV
	95kV

	24kV
	50kV
	125kV




	[bookmark: _Toc215037660][bookmark: _Toc233514061][bookmark: _Toc278456009][bookmark: _Toc214080107][bookmark: _Toc288204493]Mechanical Requirements
Type of Design
The data sheet will indicate whether a unitary or modular design is required. 
[bookmark: _Toc233514062]Limiting dimensions
The Engineer will indicate in the data sheet if there are any limiting dimensions for the MSS. The Engineer will agree the dimensions and layout on the outline drawings with the manufacturer before manufacture commences. 
[bookmark: _Ref214165217][bookmark: _Toc233514063]Frame construction
The frame material will be mild steel or corrosion resistant 3CR12 steel as indicated in the data sheet. 
The units (including the transformer section) shall utilise minimum 2mm thick plate throughout.  
All bracing shall be of robust construction, adequately designed and manufactured to withstand normal mechanical forces experienced in transport, installation, operation and removal.  
The unit shall be so constructed as to ensure that sufficient protection will be given to all components during transit.  
Complete frame Lifting lugs shall be so positioned on the structure that the mini-substation can be lifted without the use of a spreader bar and without damage to any equipment as a result of deflection. 
All lifting lugs shall be of the enclosed type i.e. a hole and not the hook type.  
All welding shall be to a recognised standard.  All welds shall be cleaned and ground to present a neat appearance.  
[bookmark: _Ref214166410][bookmark: _Toc233514064]A steel base of 75mm high channel iron is required.  
Enclosure and protection rating
The Enclosure material is specified in the data sheet.  
Unless otherwise specified in the data sheet, the mini‑sub enclosure shall be at least to IP54 with all doors closed and shall be IP2X with doors open.
[bookmark: _Toc233514065]Enclosure doors
All doors shall be robustly constructed to ensure rigidity. 
Doors shall be able to withstand the effects of an internal fault and must be such that no harm would be inflicted on an operator, standing in front of the door during a fault condition.
Hinges shall be of steel or brass with brass hinge pins and brass wearing rings (die cast aluminium hinges are not acceptable).  All doors shall be fitted with heavy duty one quarter turn door handles 
All non-hinged covers shall be self supporting to facilitate ease of fixing and shall be fixed by captive screws.
A wind stay door stop shall be fitted to secure any door in the open position. All door handles shall be pad-lockable.
Where gaskets are required on the doors to obtain the required IP rating the door hinges and closing shall be such that sufficient pressure is exerted onto the gasket.
If the IP rating specified, requires that door gaskets are needed then the preferred door gasket material is Neoprene 25 permanently bonded an adhesive with bond strength of 20N per 25mm width of gasket.
[bookmark: _Toc233514066]Enclosure roof
The roof shall be unitary and common to all compartments.
It shall be fixed by bolts at the four corners.
Separate roof lifting lugs attached to the roof shall allow for the removal of the roof after the roof holding down bolts have been removed.  These lifting lugs will not be used to lift the entire MSS.
[bookmark: _Toc233514067]Fasteners
All nuts, bolts, screws, etc. shall be hexagonal to ISO metric commercial standards. 
All bolts, nuts, washers, springs etc. shall be rustproof (e.g. plated).
Self tapping screws shall not be utilised for any purpose on any equipment. 
All components shall be mounted using screws / bolts with threaded holes in the metalwork (instead of nuts) wherever possible. 
Blind threaded fastening system bushings or welded studs shall be used for thread sizes M5 and above.
Only where there is no possibility of removal of a component and no danger of loose nuts, washers etc. falling into an inaccessible position, shall loose nuts and bolts be used.
[bookmark: _Toc233514068]Fixtures for accessories
Both the MV and LV compartments shall be fitted with fixtures for securing any operating tools supplied with the MSS and as specified by the purchaser.
[bookmark: _Toc233514069]Enclosure internal arc testing
Both the MV and LV enclosures shall to have been internally arc tested.
The test may be performed on an enclosure representative of the MSS MV compartment. Proof of such tests being done shall be submitted.
Gas flow control shall be used for venting of all gasses.
All vents shall have a degree of protection of IP3X.

	[bookmark: _Toc233514070][bookmark: _Toc278456010][bookmark: _Toc288204494]The Transformer
Unless dimensions or other operational constraints apply, dry type transformers are preferred. 
The transformer shall comply with IEC specifications listed in Appendix A.
For units rated at above 400kVA low loss transformers shall be preferred.
For oil or liquid insulated transformers the units shall be hermetically sealed with a bolted top cover plate.  
The dimensions of the concrete plinth with the details of the oil containment drain pit shall be provided.
The radiator tubes shall be protected with angle iron sections running top and bottom.
A recessed drain valve shall be provided.
An oil / fluid level gauge shall be provided. 
For all transformers:
A pad-lockable off circuit tap switch shall be provided. Taps will be at minus 5%, minus 2.5%, 0%, +2.5% and +5%.
Tap positions shall be clearly marked.
A label shall be fitted close to the switch warning that the transformer must be isolated (“dead”) before changing a tap position.
Neutral terminal current rating shall be rated to the transformer full load current. 
If the unit is to be located in a severely polluted environment then the bushings shall be selected taking this into account. Refer Appendix B and C.
The nameplate shall be mounted in a position that is easily visible.

	[bookmark: _Toc278456011][bookmark: _Toc288204495]The MV Compartment and RMU
All live unscreened equipment shall have barriers to prevent inadvertent contact by authorised persons.
The MV compartment shall be equipped with a gas insulated ring main unit (RMU).  
The RMU shall comply with the requirements of IEC 62271-200, IEC 62271-1 IEC 62271-103 and IEC 62271-202.
The Current ratings required shall be designated in the data sheet.
If fuses are used for transformer protection the manufacturer shall recommend & specify Current rating and type to be used. A set of spare fuses shall be provided at delivery. 
The costs of the fuses shall be indicated in the tender. 
The type of MV Cables and Cable terminations that need to be provided for shall be indicated in the data sheet.
In severely polluted atmospheres termination bushings for polluted conditions may be required. – See the data sheet.
All switches on the RMU shall be pad lockable in the open and or earthed position.
An interlocking arrangement shall be in place which to prevent the opening of the MV fuse chamber without the  transformer T-Off isolating switch being first isolated.



Transformer protection relay
If a protection relay has been specified for transformer protection in preference to fuses, then the relay to be provided by the manufacturer shall be a self powered device that does not require an auxiliary power supply. 
As the relay will have options available it shall be incumbent on the manufacturer to advise the engineer of his preferred choice and get this approved by the engineer.
The manufacturer shall program and set the relay to ensure that the unit will correctly protect the transformer. The settings used shall also be confirmed by the Engineer during the works testing of the unit. The mini-substation unit shall not leave the works without the relay fully programmed. 

	[bookmark: _Toc278456012][bookmark: _Toc288204496]General Electrical Requirements
Every effort shall be made to maximise the accessibility of components within the enclosure.
With the exception of instrument (e.g. voltmeter) protection fuses shall not be used.   Short circuit protection for all LV circuits shall be provided by means of circuit breakers. 

	[bookmark: _Toc233514073][bookmark: _Toc278456013][bookmark: _Toc288204497]Earthing (grounding)
All bonding and earthing conductors shall be copper with a cross sectional area of not less that 70mm2. 
Should the MV-side earth require to be separated from the LV-side earth this will be specified in the data sheet.
The bonding connection between the MV and LV compartments shall be removable to facilitate separation if required.
A rigidly supported copper main earth bar shall be provided and shall be arranged so as not to obstruct cable access.
The earth bar shall have a minimum cross-section of 5mm x 30mm but its width shall be at least twice the diameter of the largest bolt that will be fitted to the busbar.
All components to be earthed shall be effectively earthed to the main earth bar (LV -side earth)
The earth bar shall be drilled and fitted with the correct size and quantity of bolts and nuts for terminating the fourth core of every power cable.
Crimp type terminals for 70mm² stranded copper shall be provided at both ends of the earth bar for connection to the purchaser's earthing (grounding) system.
All sections of the main circuit cable boxes shall be effectively earthed with a conductor of minimum effective cross sectional area of 70mm2 copper.
All access doors shall be effectively and permanently earthed to the main enclosure of the mini-substation by means of a non‑removable braided copper earth strap of not less than 50mm2 crimped with lugs and permanently bolted at each end to the door and enclosure.  The securing bolts and nuts shall be tack-welded in position.
The complete mini-substation frame shall be bonded to the earth bar.
LV Neutral Earthing Resistors (NER’s)
In certain applications such as when the mini-substation - MSS - is used as a mobile power centre to supply a motor control centre (MCC) an NER may be used to limit the LV earth-fault currents. Refer to Appendix D for requirements and guidelines in these circumstances. 

	[bookmark: _Toc233514075][bookmark: _Toc278456014][bookmark: _Toc288204498]LV Circuit (secondary side) Requirements
All live uninsulated equipment shall have a removable white or transparent insulating barrier to prevent inadvertent contact by authorised persons.
The connection between the transformer and the main LV MCCB and the MCCB to the LV busbars shall be by 600/1000V single core PVC insulated stranded copper conductor cables sized such that the current density at transformer full load will not exceed 2.5A/mm2 
The cables colour coding for LIVE phases shall be as required by regional standards. The busbars shall be colour coded by means of a suitable sleeve fitted over the ends of each bar.  The Engineer shall advise the colours for the LIVE and NEUTRAL conductors in the data sheet.
Protection relays e.g. earth leakage units shall be logically installed in line with their associated circuit breakers.
Incoming MCCB
The LV incoming circuit breaker shall be a moulded case 3-pole circuit breaker with shunt trip. The breaking capacity and the voltage of the shunt trip shall be as specified in the data sheet. If a specific type of MCCB is required the engineer will specify.  Alternatively, the manufacturer shall state the type being offered in the data sheet.
Outgoing circuits
Refer to single line diagram or other documentation provided by the Engineer that details the circuit requirements.
If MCB’s with integral earth leakage units are required this shall be indicated in the data sheet.
The brand of MCCB’s and MCB’s being offered shall be reported in the data sheet.

	[bookmark: _Toc233514076][bookmark: _Toc278456015][bookmark: _Toc288204499]Cabling and Terminations
Gland plates shall be sectionalised, removable and flat without any lips that may hinder cable glanding.  They shall be galvanized, of 3mm plate and fixed by means of captive nuts or screws.
Gland plates should be positioned such that generous space is provided for the satisfactory entry and termination of cable. 
Sufficient distance shall be provided, for the termination of cables in accordance with cable manufacturers recommendations. 
Where core balance CT’s are installed adequate additional clearance shall be provided.
Cable boxes shall be suitably angled and gland plates so positioned so that cable entry can be from cables laid in the ground.  Gland plate to ground clearances shall be sufficient to prevent cables being bent on radii less than that specified by cable manufacturers.

	[bookmark: _Toc233514077][bookmark: _Toc278456016][bookmark: _Toc288204500]Busbars and Copper Work, Connections and Wiring
All terminations shall use an appropriate brazed or crimped accessory for termination. 
Where applicable, hexagonal die type hydraulic crimping shall be used for all wiring of greater cross sectional area than 16mm2. Stamped, folded, split-barrel and fork type lugs are not acceptable.
Power connections on any equipment shall not use Phillips or other star type socket screw heads.  
All solid copper work shall be of constant cross sectional area throughout 	its length.  Jointing shall be done in such a manner that the current rating is not affected.
Busbar current rating are stated in the data sheet.
All busbar joints shall be plated high pressure joints using high tensile plated bolts.  Fish plates shall overlap busbars on each side of joint by twice the width of the busbars and at least two bolts shall be used on each side of the joint.
Welding type cable is not acceptable for power wiring.
All wiring shall be run in plastic trunking (stick-on harness holders are not acceptable). 
Wiring within the HV compartments and between HV and LV compartments shall be run in ferrous metal trunking.  Wiring may be run on a purpose made steel support bar where necessary and secured by means of black serrated cable ties.  Spiral wrapping is not acceptable.
Each end of every wire shall be marked with a wire number according to the approved schematic or wiring diagrams.  Identification letters or 	numbers shall read from left to right.  Cable / wire numbering shall be by means of flexible plastic interlocking ferrules (black lettering on a white or yellow base).
Split or open type marking ferrules shall not be used, only approved, marking ferrules are to be used. 

	[bookmark: _Toc233514078][bookmark: _Toc278456017][bookmark: _Toc288204501]Terminals
Terminals in auxiliary wiring shall be provided as indicated on the relevant schematic diagrams or SLD’s.
Terminals shall be suitably rated "build‑up‑clip‑on" type terminals with pressure pads between conductor and clamping screws. 
Generally terminal numbers shall be the same as the relevant wire number. 

	[bookmark: _Toc214080110][bookmark: _Toc215037662][bookmark: _Toc233514079][bookmark: _Toc278456018][bookmark: _Toc288204502]Component Requirements
[bookmark: _Toc233514080]Instruments
Meters shall be fitted with faces of glass or polycarbonate coated with a scratch resistant layer. Uncoated polycarbonates are not acceptable.
Care shall be taken to ensure that instruments are rigidly supported and not subject to shock or vibration resulting from operation of switchgear. 
Where vibrations are likely to occur, instruments shall be provided with anti vibration mountings.
Voltage circuits of instruments shall be protected by means of withdrawable cartridge type HRC fused in each phase.

	[bookmark: _Toc215037663][bookmark: _Toc233514082][bookmark: _Toc278456019][bookmark: _Toc288204503]Signs and Labels
The Engineer shall provide a listing of all signs and labels required. This will be region dependant.
All signs and labels shall be resistant to ultra-violet light. Unless otherwise specified, labels shall be of engraved Traffolyte or brass with text and letter size as specified in the data sheet.
All labels or label brackets except those for components shall be affixed by M3 stainless steel screws.  Component labels (but not switch position labels) may be affixed by a strong adhesive but shall not be of the pressed plastic strip type.
As notices on the outside of mini-subs are liable to be subject to vandalism, special attention shall be paid to the security of attachment.
[bookmark: _Ref211392985]Main label for mini-substations
A mini-substation identity label with black-on-white characters shall be mounted at the top centre of the mini-substation.  The text and letter size on the identity label is to be as specified in the data sheet.
[bookmark: _Ref214415928][bookmark: _Ref213569845]Circuit labels
Incoming and outgoing circuits shall be labelled with black 10 x 1mm lettering as specified in the data sheet.
Warning/safety labels
As this will vary from area to area and the operating environment - the Engineer shall provide the manufacturer with a listing of all danger notices and signs required on the exterior of the unit.
Technical labels
Durable, legible anodised metal plates at least 300 x 200mm shall be affixed inside the MV and LV compartments depicting the basic single line schematic diagram of the mini-sub circuitry
An anodised aluminium copy sized at least 300 x 200mm of the mini-sub’s electrical schematic diagram shall be affixed to the inside of the LV compartment door. 
Where a NER is fitted it shall bear a label detailing the resistance and the continuous kW rating.
Component labels
To facilitate recognition of electrical components, equipment shall be labelled with designations corresponding to those in the purchaser's schematic diagrams.  The labels shall have lettering of minimum 4mm x 0.5mm and shall be legible and durable.
The component labels shall be affixed to the base plate adjacent to the equipment to which they refer.

	[bookmark: _Toc233514083][bookmark: _Toc278456020][bookmark: _Toc288204504]Corrosion Protection and Painting
The requirements of AA 164050 & CPS 132 shall apply.
The final external colour will be as specified in the data sheet.

	[bookmark: _Toc158098359][bookmark: _Toc278363876][bookmark: _Toc288204505]QUALITY ASSURANCE PROVISIONS
The requirements of AA STD 100 shall apply.

	[bookmark: _Toc278363877][bookmark: _Toc288204506]tests

	[bookmark: _Toc278456023][bookmark: _Toc288204507]Component Tests
The manufacturer shall carry out tests of components that are not certified.

	[bookmark: _Toc278456024][bookmark: _Toc288204508]Type Tests
Type tests will only be required for different ratings where the characteristic has been affected by the rating.

	[bookmark: _Toc278456025][bookmark: _Toc288204509]Routine tests
Routine tests shall be as indicated in the data sheet. 
The manufacturer shall advise the engineer of the dates for the routine tests as the engineer or a nominated deputy may be required to attend routine testing. 

	[bookmark: _Toc278456026][bookmark: _Toc288204510]Field testing
The manufacturer shall advise and carry out the necessary field tests required after installation. These tests may well be part of the commissioning process.

	[bookmark: _Toc278456027][bookmark: _Toc288204511]Roof strength
The roof strength shall be tested by the application of a mass of 150kg evenly distributed over an area on 0.3m x 0.6m for 1 min on any part of the roof. No permanent distortion of the roof shall be evident after the test. 
In addition if required a hailstone test shall be done as per “Simulation of Hailstone impact” using ASTM E 822.


[bookmark: _Toc270938663][bookmark: _Toc276641050][bookmark: _Toc66510493][bookmark: _Toc288204512]Appendix A: Referenced documents
AA_SPEC_543006, Mini Sub-Stations
The latest issue of the following documents is deemed to form part of this specification:
	AA STD 100
	:
	Requirements for Suppliers of Critical Equipment

	ASTM E 822
	:
	Test method simulating effect of hailstones

	IEC  60529
	:
	IP Degrees of Protection

	AA 164050
	:
	Corrosion protection of steelwork with coatings

	IEC 60076 
	:
	Power Transformers.

	CPS 132
	:
	New work, Heavy duty, Gloss finish

	IEC 60137
	:
	Insulated bushings for AC voltages above 1000 volts.

	IEC 60296-3
	:
	Unused mineral insulating oils for transformers and switchgear

	IEC 60815
	:
	Guide for the selection of Insulators in respect of polluted conditions

	IEC62271-202
	:
	High Voltage switchgear and control gear

	AA STD 100
	:
	Requirements for Suppliers of Critical Equipment

	ASTM E 822
	:
	Test method simulating effect of hailstones

	Mine Health and Safety Act (relevant to country of installation)

	Minerals Act and Regulations (relevant to country of installation)

	Occupational Health and Safety Act (relevant to country of installation)


[bookmark: _Toc66510494][bookmark: _Toc271299916][bookmark: _Toc276641051][bookmark: _Toc288204513]Appendix B: Record of Amendments
	Issue 0
	:
	New document based on AAC SPEC 543006 (M Mofu, March 2011)


[bookmark: _Toc214080121][bookmark: _Toc215037668][bookmark: _Toc278456030][bookmark: _Toc288204514]APPENDIX C: Data sheets to be completed by the Engineer and Supplier
This schedule is used to specify the exact technical requirements for the mini-substation.  Refer to the relevant clause in the specification when completing the schedule.
Where the offered item may differ from the specified, both ‘required’ and ‘offered’ columns are left open.










[bookmark: _Toc278456031][bookmark: _Toc288204515]Appendix D:  Neutral earthing using resistors (NER’s)
In applications where NER is used to limit earth fault the following items shall be applicable:
The resistors shall be of the bobbin type consisting of a tubular porcelain base with advance michrome spiral core winding, complete with clamp terminals on each end of the bobbins.
The resistors shall be made up in series connected banks, the quantity being given by the resistance required.  The resistors shall be thermally rated for continuous operation under earth fault conditions. 
By means of wiring the banks in series or parallel it is possible to select different values of E/F current limits.
All wiring to the terminals of the resistors shall be carried out using high temperature flexible cable.
The resistors shall be designed to operate in an ambient temperature of 100C.
The unit shall be mounted in a robust ventilated IP23 (splash proof) enclosure.
Ventilation slots shall be louvered and screened, with the louvers placed at the bottom and top of the vertical sides of the enclosure.
The Earthed side of the resistor shall be labelled “E” and connected to the earth bar of the LV compartment
The transformer STAR POINT shall be connected to the resistor and this point shall be labelled “N”
ACT with a suitable turn’s ratio shall be mounted in the neutral connection on the “E” side of the resistor.
The CT will drive a current operated relay with a selectable definite time characteristic chosen so as to allow the outgoing earth leakage detection units on the LV circuit breaker’s to first clear the earth fault. 
The Back-up earth-fault (BU-E/F) relay will operate to trip the LV main MCCB and/or the transformer MV side circuit breaker (if fitted) after the selected time has elapsed by means of a shunt trip facility.
In some case the BU/EF relay may be used to trip both these breakers.
Where MV fuses have been used the LV MCCB is tripped.
The relay shall have a manual flag reset facility to indicate that a sustained earth-fault has occurred which was not cleared by the down-steam LV devices.
The transformer nameplate shall indicate the NER ratings in terms of OHMS kilowatts dissipated.
Typical values that NER’s limit the earth fault currents are: 
10 Amps, 
5 Amps, 
2.5 Amps and 
1 Amp.
The Engineer will specify the NER current value required.

NER TESTING.
The NER and the operation of the BU-E/F relay shall be fully tested during the works FAT testing regime.
BU-E/F Relay Notice
At a position close to the relay – a notice is to be mounted that states: “Warning, before resetting this relay and re-energising all LV circuits should be checked for earth faults.” 
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Applicable 

Clause

Engineer 

Required

Manufacturer 

Offered

1 kV

1 Hz

1 V

4.7.1

4.7.2

YES NO

Length Width

4.7.3 FRAME MATERIAL

4.7.4 ENCLOSURE MATERIAL

4.7.4

4.7.9

Mandatory

1 & 4.8 kVA kVA

4.8 TYPE

4.8

4.8

YES NO

4.8

YES NO

4.8

YES NO

4.8

YES Mandatory

No load secondary voltage

CONSTRUCTION

Unitary or

Description

MV Voltage



MV System Frequency



Modular

Limiting Dimensions mm:

Height

Mild Steel

Corrosion Resistant Steel (3CR12)

Steel

3CR12



GRP



Enclosure IP rating (Minimum is IP54)



INTERNAL ARCT TESTING MV AND LV



Proof of test being done required



Transformer requirements

kVA rating required

Dry

Oil



Liquid filled

Vector group (DYN11 is normal)

Low loss unit required

Tappings required (if not as per Par 4.8)

Standard bushings or for polluted atmosphere

Tap switch warning label
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		Applicable Clause		Description								Engineer Required				Manufacturer Offered



		1		MV Voltage										kV



		1		MV System Frequency										Hz



		1		No load secondary voltage										V



		4.7.1		CONSTRUCTION

				Unitary or



				Modular



		4.7.2		Limiting Dimensions mm:								YES				NO



				Length				Width				Height



		4.7.3		FRAME MATERIAL

				Mild Steel



				Corrosion Resistant Steel (3CR12)



		4.7.4		ENCLOSURE MATERIAL

				Steel



				3CR12



				GRP



		4.7.4		Enclosure IP rating (Minimum is IP54)



		4.7.9		INTERNAL ARCT TESTING MV AND LV



				Proof of test being done required												Mandatory



		Transformer requirements



		1 & 4.8		kVA rating required										kVA				kVA



		4.8		TYPE

				Dry



				Oil



				Liquid filled



		4.8		Vector group (DYN11 is normal)



		4.8		Low loss unit required								YES				NO

		4.8		Tappings required (if not as per Par 4.8)								YES				NO



		4.8		Standard bushings or for polluted atmosphere								YES				NO



		4.8		Tap switch warning label								YES				Mandatory
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Applicable 

Clause

Engineer 

Required

Manufacturer 

Offered

4.9 kV

4.9 Hz

4.9

200A 630A

4.9

kA

4.9 kA

4.9

YES NO

4.9

YES NO

4.9

4.9 mm²

4.9 N/A

4.9

YES NO

4.11

YES NO

4.11.1 & 

Appendix 

D

4.11.1 & 

Appendix 

D

10A 5A

2.5A 1A

4.12

V

4.12

3ph 4 wire 3ph 3 wire



LV Earth Fault current to be limited to 

(Engineer to select)



3ph 3 wire with NER

Circuit Breaker

RMU current ratings

Rated short time withstand currend: 1 sec

Internal arc withstand level (min 21kA)

Cables

Fused

MV compartment & RMU requirements

Type of T off required 



Description

RMU rated Voltage



Cable terminating arrangements. Plug in

Is cable armoured (SWA)

Single Core

3 Core

Cable size

Transformer MV fuse ratings (details to be 

supplied by manufacturer



Cable termination bushings for high pollution



Earthing (grounding) requirements



MV side separate from LV

LV earthing SOLIDNER (refer to appendix D)

Nominal LV Voltage

Type of supply
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		Applicable Clause		Description								Engineer Required				Manufacturer Offered



		MV compartment & RMU requirements



		4.9		RMU rated Voltage										kV



		4.9		Type of T off required 										Hz



				Fused



				Circuit Breaker



		4.9		RMU current ratings								200A				630A



		4.9		Rated short time withstand currend: 1 sec										kA



		4.9		Internal arc withstand level (min 21kA)										kA



		4.9		Cable terminating arrangements. Plug in								YES				NO



		4.9		Is cable armoured (SWA)								YES				NO



		4.9		Cables

				Single Core



				3 Core



		4.9		Cable size										mm²



		4.9		Transformer MV fuse ratings (details to be supplied by manufacturer								N/A



		4.9		Cable termination bushings for high pollution								YES				NO



		Earthing (grounding) requirements



		4.11		MV side separate from LV								YES				NO



		4.11.1 & Appendix D		LV earthing SOLIDNER (refer to appendix D)



		4.11.1 & Appendix D		LV Earth Fault current to be limited to (Engineer to select)

				10A				5A



				2.5A				1A



		4.12		Nominal LV Voltage										V



		4.12		Type of supply



				3ph 4 wire				3ph 3 wire



						3ph 3 wire with NER
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Applicable 

Clause

Engineer 

Required

Manufacturer 

Offered

4.12

A A

kA kA

YES NO

A

kA

A

4.12

L1 L2

L3 N

4.12

4.18

4.6.1

4.6.2

4.6.2

4.6.2

4.4

4.4

4.4



Short circuit current rating

Rating Amps

Description

Preferred manufacturer



Pad lockable

LV main busbar rating

LV busbar rated withstand current

LV neutral minimum busbar rating

LV phase colours (engineer to state)

Proof of type tests done on equipment

List of deviations drom this specification

Schedule of protection settings to program the 

protection relay (if applicable)



Appendix C with "Offered" column completed

As built drawings and documentation. 3 x 

hardcopies and 3 x electronic copies on disk

Copies of all works done during routine and 

FAT testing period



Main MCCB



Schedule of outgoing LV circuits

by engineer

Final external colour

Grey Beige RAL 1019



Slate Grey RAL 7015



Other colour required



Roof colour



Document requirements (Engineer)

Appendix C with "Required" column completed



Document requirements from the manufacuturer (mark with X if required)
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		Applicable Clause		Description								Engineer Required				Manufacturer Offered



		4.12		Main MCCB



				Preferred manufacturer



				Rating Amps										A				A



				Short circuit current rating										kA				kA



				Pad lockable								YES				NO



				LV main busbar rating										A



				LV busbar rated withstand current										kA



				LV neutral minimum busbar rating										A



		4.12		LV phase colours (engineer to state)



				L1				L2



				L3				N



		4.12		Schedule of outgoing LV circuits										by engineer



		4.18		Final external colour



				Grey Beige RAL 1019



				Slate Grey RAL 7015



				Other colour required



				Roof colour



		Document requirements (Engineer)



		4.6.1		Appendix C with "Required" column completed



		Document requirements from the manufacuturer (mark with X if required)



		4.6.2		Appendix C with "Offered" column completed



		4.6.2		Proof of type tests done on equipment



		4.6.2		List of deviations drom this specification



		4.4		As built drawings and documentation. 3 x hardcopies and 3 x electronic copies on disk



		4.4		Copies of all works done during routine and FAT testing period



		4.4		Schedule of protection settings to program the protection relay (if applicable)
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Applicable 

Clause

Engineer 

Required

Manufacturer 

Offered

4.2

YES NO

4.2

4.2

4.2

4.2

4.2

4.2

4.2

4.2

4.2

6

6



Manufacturer to advise engineer what works 

tests shall be done. Engineer to agree in 

writing



Provision of interface information as requested 

by engineer

Provision of special operating tools

Supply of one set of spare fuses

Training of site personnel at the site in the safe 

& correct operation of all MV switches on the 

unit including the replacement of MV fuses

Engineer to be notified 10 working days priot 

to works testing



Attendance at HAZOP studies

Payment of all transportation fees to the site

Manufacturing risk assessment

Rectification of defects during warranty period

Description

Other requirements from the manufacturer (mark with X if required)

Offloading at Site



Commissioning of the unit at site
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		Applicable Clause		Description								Engineer Required				Manufacturer Offered



		Other requirements from the manufacturer (mark with X if required)

		4.2		Offloading at Site								YES				NO



		4.2		Commissioning of the unit at site



		4.2		Attendance at HAZOP studies



		4.2		Payment of all transportation fees to the site



		4.2		Manufacturing risk assessment



		4.2		Rectification of defects during warranty period



		4.2		Provision of interface information as requested by engineer



		4.2		Provision of special operating tools



		4.2		Supply of one set of spare fuses



		4.2		Training of site personnel at the site in the safe & correct operation of all MV switches on the unit including the replacement of MV fuses



		6		Engineer to be notified 10 working days priot to works testing



		6		Manufacturer to advise engineer what works tests shall be done. Engineer to agree in writing
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A. DATA TO BE SUPPLIED BY CLIENT

DATE:

a)

b) ˚C

˚C

c) Site Humidity

d) Atmospheric Corrosion problems (select appropriate)

Severe Moderate

Normal

e) Lightning Activity

Severe Moderate

Normal

f) Pollution

Severe Moderate

Normal

a) %

b) Hz

c) kA

d)

e) MV System Harmonics % to be allowed for THD

f)

kW

Other site or operating data (specify)



If MSS is used to supply motor loads, what is kW of load and 

largest motor kW that will be started DOL?



Nominal MV supply 



System Frequency



MV System fault level



SITE OPERATING CONDITIONS

Site Altitude



Site Minimum Temperature



MINE:

LOCATION:

PROJECT NO:

DESIGNATION(S):

COMPLETED BY:



Site Maximum Temperature



ELECTRICAL OPERATING CONDITIONS



MV System Earthing & Max E/F value
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		A.		DATA TO BE SUPPLIED BY CLIENT

				MINE:

				LOCATION:

				PROJECT NO:

				DESIGNATION(S):

				COMPLETED BY:										DATE:



				SITE OPERATING CONDITIONS

		a)		Site Altitude



		b)		Site Minimum Temperature												˚C



				Site Maximum Temperature												˚C



		c)		Site Humidity



		d)		Atmospheric Corrosion problems (select appropriate)

				Severe						Moderate						Normal



		e)		Lightning Activity

				Severe						Moderate						Normal



		f)		Pollution

				Severe						Moderate						Normal



				ELECTRICAL OPERATING CONDITIONS



		a)		Nominal MV supply 																%



		b)		System Frequency																Hz



		c)		MV System fault level																kA



		d)		MV System Earthing & Max E/F value



		e)		MV System Harmonics % to be allowed for																THD



		f)		If MSS is used to supply motor loads, what is kW of load and largest motor kW that will be started DOL?																kW



				Other site or operating data (specify)
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