—— ] S A
Dep.mpﬁemnf

FREE STATE PROVINCE DEVELOPMENT BANK OF SOUTHERN AFRICA

Building Africa’s Prosperity

APPOINTMENT OF A CONTRACTOR FOR THE REPAIR OF
STRUCTURAL DEFECTS AND REPLACEMENT OF BUILDINGS IN
UNSATISFACTORY CONDITION AT POPANO SECONDARY SCHOOL ON
BEHALF OF FREE STATE DEPARTMENT OF EDUCATION

Prepared by:

ISEMZEKO EMGINEERING

[senzeko Engineering CC
Suite 6, Almil Centre, 47 Ashley Avenue
Glen Ashley, 4051
Tel: +27 31 562 0291
Fax: +27 31 562 029]



GENERAL ELECTRICAL SPECIFICATION

GENERAL SPECIFICATION
1.1 GENERAL ...t
1.2 STANDARDS AND REGULATIONS ... e
1.3 COMPLIANCE TO THE SPECIFICATION ...
1.4 PROVEN PRODUCGT ... s
1.5 CABLING ... s
1.6 WIRE TERMINATING AND MOUNTING HARDWARE .......ccooiiii e
1.7 EARTHING SPECIFICATIONS ... oo
1.8 LIGHTNING AND SURGE PROTECTION SPECIFICATION ......cccoiiiiiiie e
1.9 EQUIPMENT FIXING REQUIREMENTS ...
1.10  SIGNS, MARKERS, NAMEPLATES AND TAGS ... ..o
1.11  EQUIPMENT RACK CABINETS AND JUNCTION BOXES........cccccoiiiiiieiieee e
112  CONSTRUCTIONAL ASPECTS ...t
1.13  TESTING AND COMMISSIONING ..ot
114 TRAINING .. e e e e e e
115 PRACTICAL COMPLETION ... ..o e
116 DEFECTS LIABILITY oo
1.17  POST CONTRACT MAINTENANCE AGREEMENT ......c.ooiiiiiii e

1.18  FINAL DOCUMENTATION ... .ot



GENERAL SPECIFICATION

1.1 GENERAL
1.1.1  General Aspects

In this document the term "Contractor" shall mean the Contractor appointed in terms of this document,
irrespective of whether the contract is a direct contract with the client or a sub-contract with a Principal
Contractor.

Prices tendered for equipment specified by trade names or catalogue references must be for the type
and manufacture specified. If it is desired to use substitutes, the onus will be on the Contractor to
prove that such substitutes are similar and equivalent to the article specified and meet with the
approval of the Engineer in writing. The decision whether the tendered articles are acceptable shall
rest solely with the Engineer. The cost implications of such substitutes shall be allowed for in the
tendered amount.

Tenderers are required to enter at the time of tendering in the Schedules of Equipment and Materials
Offered, the manufacturers of the materials, on which their tender is based, and the catalogue
numbers and other information by which the materials may be identified. Technical brochures of the
equipment offered shall be submitted with the tender to enable the unit concerned to be identified
without ambiguity.

Tenderers shall only offer equipment for which proven backup is available in South Africa.

The Project Specification shall take preference over this General specification where any conflict
exists.

Should the Tenderer become aware of any discrepancies or apparent discrepancies in these
documents, he shall notify the Engineer thereof.

All materials and equipment used shall be of new and represent the manufactures latest product
range.

If requested by the Engineer, the Contractor shall submit samples of cables, terminals, labels, trunks
and other construction materials which he proposes to use on the installation for the Engineer's
approval.

All materials and equipment used shall be suitable for the environment and service for which it is to be
used. This pertains; inter alias, to corrosion protection, UV stability etc.

Equipment offered shall be small enough to be moved through the available doorways, passages,
etc., to their final locations.

Dimensions scaled from drawings shall not be used to obtain lengths of trays, trunks, cables etc. The
runs shall be measured on site.

The Contractor shall make due allowance for other Contractors' operations in progress concurrent
with his own activities.



1.1.2 General Installation Requirements

NO DEVIATION FROM THE SPECIFICATION will be tolerated or paid for without the written approval
of the Engineer.

The installation shall comply in each instance with the requirements as set by the CLIENT and
Engineer, in particular to the general specifications for the various electronic subsystems, as well as
all relevant SANS codes of practice and standards.

Where no SANS guideline exist, the IEC, EN and ANSI standards will be applicable.

The installation shall be done in accordance with the drawings issued by the Engineer as approved by
the Client and no installation work shall be carried out without issued for construction drawings.

All routing requirements and conduit installation work shall be done by as part of this contract and all
additional reticulation routes required by the Tenderer shall be indicated and marked on his drawings
and submitted to the Engineer for approval.

At the end of each day, the Contractor shall be responsible for the clean-up, removal, and secure
disposal of all debris.

Any damage to protective coatings, equipment, services or structures caused by the Contractor shall
be made good.

The Contractor shall prevent pollution caused by spillages of fuels and lubricants, etc.

Only technicians and artisans with adequate and applicable training and experience shall be used to
carry out the work on this contract.

If installation commences with any type of material or equipment, then the same type shall be used
throughout the contract.

1.2 STANDARDS AND REGULATIONS
1.2.1  National Standards and Regulations

The following regulations, standards, codes of practice and guidelines are referenced in this
document. They are all subject to revision and users of this specification must use the most recent
editions of those listed below.
In particular, the Works shall comply with the following regulations:

e Electricity Act (Act No. 41 of 1987) as amended

e Occupational Health and Safety Act (Act No 85 of 1993) as amended
e The Environmental Conservation Act (Act No 73 of 1989) as amended
e Provincial Road Traffic Ordinance and regulations

e SANS 10139, 2012: Edition 3.2 Fire detection and alarm systems for buildings —
system design, installation, and servicing

e The wiring of premises (SANS 10142)
e National Building Regulations Act No 103 of 1977
e SANS 10400, 1990: The application of the national building regulations

e SANS 9000:2005/ISO 9000:2005: Quality management systems - Fundamentals
and vocabulary

e The local Councils bye laws as well as the local Supply Authority Regulations.



1.2.2 In addition, the Contractor shall issue all notices and pay all the required fees in respect of the
Installation to the local authorities and shall exempt the Employer from all losses, costs or
expenditures which may arise as a result of the Contractor's negligence to comply with the
requirements of the regulations enumerated in this specification.

1.2.3 It shall be assumed that the Contractor is conversant with the abovementioned requirements.
Should any requirement, bye-law or regulation which contradicts the requirements of this
specification, apply or become applicable during erection of the Installation, such requirement,
bye-law or regulation shall overrule this specification and the Contractor shall immediately
inform the Engineer of such a contradiction. Under no circumstances shall the Contractor
carry out any variations to the Installation in terms of such contradictions without obtaining the
written permission to do so from the Engineer.

1.2.4 Standing Instruction

In addition to complying with the OHS Act the Contractor shall also adhere to the standing instructions
applicable to the site as issued from time to time by the Engineer and/or Employer.

1.2.5 Safety
Noise control, environmental aspects, aesthetics and staff comfort all to adhere to the OHS Act.

1.3 COMPLIANCE TO THE SPECIFICATION

1.3.1  The Contractor shall comply with all the requirements as per this specification. Proposed
deviations shall only be considered after the award of the contract.

1.3.2 Proposed deviations shall only be accepted if it meets with all of the following criteria:

The proposed deviation offers a substantial improvement to the final product offered.
The proposed deviation has been proven in other applications.

1.3.3 Any deviations from the specifications can only be implemented with prior approval from the
various representatives from both the Client and the Engineer.
1.4 PROVEN PRODUCT

1.4.1  Due to the security nature of these requirements and the criticality of this application only
proven products shall be considered.

1.4.2 Products could be approved only after investigation by all applicable parties.

1.4.3 The guidelines for similar applications demands that five installations have to be operational
in accordance with the above requirements for a minimum period of no less than one year
before a product will be considered to be a proven product.

1.5 CABLING
1.5.1 General

Supply, install, connect, and terminate all cabling necessary to complete the installation of audio,
data, control, communications and device cabling.
All cabling shall be supplied and installed as a part of this contract.



All terminated cabling shall be neatly tied/loomed to prevent damage to terminations and interference
or obstruction of other services.

Strain relief shall be provided for cables connected to rack mounted equipment.

All cables shall have stranded copper conductors and shall be PVC insulated with overall PVC
sheath, unless otherwise specified.

All cabling shall be concealed and installed on metal cable tray, cable duct and conduits.

Cabling shall be installed with due regard to future removal and replacement of cables.

All cables shall be new and delivered on site in unbroken reels, and with the “manufacturer’s” label
attached.

Due consideration shall be given to voltage drop when calculating cable sizes.

Installation and cable route shall be to the satisfaction of the Engineer.

Cables shall be installed in a manner eliminating any possibility of strain on the cable itself or on cable
terminations.

No joints or connections will be permitted. Adequate loose cable shall be left behind all equipment to
facilitate removal for inspection, adjustment or replacement.

Any bending, jagged edges or any other forms of damage or deformation of cable trays or wire ways
shall be made good, before cables are installed.

Conduit shall be thoroughly cleaned and have all burrs removed before the drawing in of any cable.
The tray shall be supported at every change in direction of the cable tray route. The minimum radius
of any bend of the tray is to suit the minimum bending radius of the largest cable on the tray.

Cable trays shall be firmly secured in position in such a manner to cause as little obstruction to
walkways etc., as possible.

Hangers, supports and anchors for wire ways and equipment, shall be designed and installed with
regard to appearance and convenience as well as for adequate strength and rigidity. Only
professional quality fixing material and methods shall be used. Nails and glue are not acceptable.

1.5.2 Cable Damage

During the installation of cable should any kinks or abrasions to insulation, braiding, sheathing or
armouring occur, the affected cable shall be withdrawn and replaced with new cable at no additional
cost to the client.

1.5.3 Cable Numbering

Generally, all cables shall be allocated and identified with a unique cable number.
All cables including patch leads shall be clearly labelled. Labels shall be affixed within 250mm of each
termination.



Cables shall be fitted with tags at the following points:
e On the cable sheath next to the gland at each end

e In cable pits/manholes
e In all vertical data risers

e At any additional point on the cable sheath (or around the core bunch) where the
preceding requirements are not readily traceable from the core terminations

e Any inspection/junction box

Cable identification tags shall be orientated uniformly to read left to right from the logical viewing point
horizontally; and from bottom to top viewed from the right where installed vertically.
Duplication of cabling and equipment identities shall not be allowed.

1.5.4 Coordination and Separation of Services

Install services for each respective section and system and physically separate from other systems to
a discipline and coordinated layout plan. Adjacent services shall run approximately parallel. Crossing
services shall cross at approximate right angles.
Individual services between common points of the work shall follow similar parallel routes. Cables
shall be parallel to the building major axes.
Separation distances shall not be less than the following:

e Power cables — 100mm.

e ELV and Communication cables to parallel power cables — 300mm

e ELV and Communication cables to power cables crossed at 90 — 100mm.
e Any trade to finish floor level — 80mm

e Any trade to structure — 20mm.

1.5.5 Coordination and Feasibility

The drawings, schematics and specification indicate the main routes and positions for the various
services installations and equipment in relation to the building and other services.
Check the details shown on the drawings and co-ordinate the details layout with the building structure
and other services. Submit full details of proposed major cable routes for approval before proceeding.
The Contractor shall deliver to the Engineer in accordance with the scheduled works program:

e Details of all types of cabling to be installed as part of the contract works

e Block schematic cable diagrams indicating all system interconnecting cables
including cable routes and cable types complete with core make up and numbers

e Detailed floor plans indicating cable routes and designated circuit identification
e Wiring diagram detailing system interconnections and cable/core identification

1.5.6  Special Cabling

Where equipment to be supplied and installed under this specification requires special cabling (i.e.
screened cables, unshielded twisted pair, coaxial, optical fibre or other special types of cable), these
cables shall be provided as part of this contract.



It shall remain the responsibility of the Contractor to design the cabling system network and determine
the type of cable required for interconnection of the various components, which make up the total
system to be installed, to comply with the contract documents.

1.6 WIRE TERMINATING AND MOUNTING HARDWARE

1.6.1
1.6.2
1.6.3
1.6.4

1.6.5

1.6.6
1.6.7

1.6.8
1.6.9

Every terminal strip shall be numbered or named.
Every terminal shall be numbered.
Cable glands shall be of the compression ferrule type with "O" ring seals.

Wherever possible, terminations of cable cores and wires shall be made using spade, pin or
bootlace ferrule type crimp-on lugs.

Lugs may only be crimped with controlled pressure crimping tools of the correct size for the
lug used.

Thin, collapsing pipe type ferrules shall not be used.

High quality wire strippers shall always be used and care taken not to nick or otherwise
damage the strands.

Terminals shall be located so that all connections can be made easily.

When wiring of different potentials and types of supply use the same terminal rail, a clear
space or barrier shall be provided between terminal blocks.

1.7 EARTHING SPECIFICATIONS

1.7.1

1.7.2

1.7.3

1.74

1.7.5

The Earthing connection to the security equipment shall be no more than a 1Q connection.
The Earthing shall be done from a single (SPUR Distribution Point) point to each part of the
security installation e.g. Equipment/Wiring Closets, Service and Central Equipment Locations
etc.

No daisy chaining of the Earthing connection shall be allowed, except as described in the
section on high-rise buildings. The reticulation for the earth connection shall be done with no
less than 70 mm? Green Isolated Copper Conductor (GICC). The same spur point shall be
connected to the Electrical Earth. The connection to the Electrical Earth can be done with
Bare Copper Conductor (BCC) with a cross sectional area of no less than 70 mmZ.

The copper conductors shall be terminated in a lug which shall be bolted to the Earthing bar.
The Earthing bar shall not be smaller than 6mm x 50mm x 300mm. No more than 1 conductor
per lug and no more than 1 lug per terminal point on the earthing bar will be tolerated. The
lugs shall be crimped or CAD welded to the conductor and shall be inspected by the Engineer
prior to acceptance. The Security and Electrical Earths shall be run in separate conduits and
be separated by no less than 1 m. The Earthing conductors may cross each other and any
other electrical cable at a 90° angle.

All Earthing bars, screws, lugs & isolators shall comply with the SANS 0142 Wiring Code,
SANS Earthing Specification & all relevant IEC standards.

Any conducting material that has been anodized, e.g. aluminium may not be used as an earth
bus-bar unless special precautions have been taken to ensure that the anodizing material has
been removed where the earthing connections are made.



1.7.6  All connections between racks or sub-racks used to transmit audio, video, radio frequency or
digital data must be made using co-axial type wiring having the correct matching impedance
and must be to the manufactures specification.

1.8 LIGHTNING AND SURGE PROTECTION SPECIFICATION

1.8.1  The Contractor shall provide and install all the necessary surge protection devices, for the
protection of the electrical/electronic control equipment, communication and data lines. Surge
Protection devices shall protect all AC and DC circuits from the effect of lightning induced
over voltages, internally generated transients and utility switching transients.

1.8.2  Surge protection will be required on the incoming power supply to the electronics equipment
and shall be done at the single point where the supply enters the building. Lightning
protection shall be installed from Live to Earth (L-E), Neutral to Earth (N-E) and from Live to
Neutral (L-N) on a single phase supply. If a 3 phase supply is used lightning protection shall
be required on each phase individually (L1-E, L2-E, L3-E & N-E). If the same supply is
reticulated to another building additional lightning protection shall be required where it enters
the next building. The protection shall be as described above.

1.8.3 The Tenderer has to allow for additional surge suppression and voltage stabilisation
equipment if this is required to protect his equipment or to guarantee its correct operation.

1.8.4 The test pulses shall be applied at intervals of not less than one minute.

1.8.5 The surge protection equipment may be built into the equipment being protected. If the
provided internal protection is inadequate to meet this specification, then additional external
protection has to be provided.

1.8.6 There shall be an earth bar in the lower corner of each enclosure and shall be sized to accept
a 16mm square BCW. The Bare Copper Wire shall be terminated at the nearest earth mat.

1.8.7 AC protection devices can be located in the equipment cabinet and must be installed prior to
any distribution (i.e. multi-outlets).

1.8.8 Surge protection devices shall be chosen in such a way that the protected circuit shall still
function to specification in spite of the introduction of series and/or shunt impedances by the
protecting devices.

1.9 EQUIPMENT FIXING REQUIREMENTS

1.9.1  Under no circumstances shall double sided tape be used anywhere on this installation for
whatever purpose.

1.9.2 Specific Surface Requirements

Drywall - Dry wall plugs, Toggle Bolt anchors (Butterfly nuts) or Superfast™ Toggle anchors may be
used to fix equipment, conduit or trunking.

Brick Walls - HILTI, Fisher, UPAT or RAWL type plugs are acceptable for fixing equipment, conduit or
trunking.

Concrete - HILTI gun, RAWL bolts or chemical bolts are an acceptable means of fixing equipment,
conduit or trunking.



Ceilings - For suspended ceilings, Toggle Bolts anchors (Butterfly nuts) or Superfast™ Toggle
anchors are an acceptable means of fixing equipment, conduit or trunking. Drywall screws will also be
acceptable if they are screwed directly into the support struts. For normal ceilings Toggle Bolt anchors
(Butterfly nuts) or Superfast™ Toggle anchors are an acceptable means of fixing equipment, conduit
or trunking.

Steel - Up to 3mm: Self tapping screw with drill, a self-tapping screw or aluminium pop rivets (except
for door hinges) are an acceptable means of fixing equipment, conduit or trunking. Above 3mm: bolts
and nuts are an acceptable means of fixing equipment, conduit or trunking.

Wood - Drywall screws are an acceptable means of fixing equipment, conduit or trunking.

Aluminium - A self-tapping screw or aluminium pop rivets (except for door hinges) are an acceptable
means of fixing equipment, conduit or trunking.

1.9.3 Specific Equipment Instructions

Alarm Wire - A glue gun or contact adhesive shall be used.
Trunking - Shall be fixed at minimum intervals of 1m.
Conduits - Raised aluminium saddles shall be used if the conduit is installed surface mount.

1.10 SIGNS, MARKERS, NAMEPLATES AND TAGS

1.10.1 All cable cores and wires shall be numbered at all termination points with "slip-on" interlocking
type cable markers. Split-ferrule types are unacceptable. In the case of multi-core cables
each core shall be numbered.

1.10.2 Signs, Markers, Nameplates and Tags shall be totally:

UV-resistant;

Fade-resistant;

Corrosion resistant;

Shall have a minimum life expectancy of 10 years.

Shall not be damaged by any commercially available solvent

1.10.3 Cable Tags

Labels shall be colour-coded and include alphanumeric text 8 to 10 characters long.
For the labelling of cables any one of the following methods is acceptable:
e Cable-Tie Markers

e Clip-On Labels
e Printable Slide-In Labels

1.10.4 Nameplates

In order for a technician to easily identify equipment locations a 250mm x 200mm sign shall be
installed on the door of the field cabinet.

The sign shall be precision engraved letters and numbers with uniform margins.

Character sizes shall be a minimum of 50mm high.

All nameplates shall be permanently attached.

1.1 EQUIPMENT RACK CABINETS AND JUNCTION BOXES
1.11.1 General

To save space inside the equipment room, and to keep the installation neat, equipment shall be
installed in the 19” racks and junction boxes.

All pure technical equipment like the storage servers, surge protectors etc., shall be fit into 19” rack
enclosures accessible from two sides (front and rear). Those racks shall be protected against dust
and freezing as against excessive heating.

All rack enclosures shall be black powdered coated. The cabinets shall also include all power and
cable management articulation.

1.11.2 Floor Standing Equipment Rack Cabinets

The cabinets shall be lockable and the key will be controlled by the Client.
The racks shall comply with the following specifications:
e Colour/Finish: Powder-coated, black;



Fixed 19” installation front and rear, for components in accordance with IEC 297-3;
Flexible mounting for components with T-slot mountings;
Cable entry via the plinth and top cover;

The rack enclosures shall have a complete ventilation system built-in to ensure
adequate airflow. This shall be accomplished by installing a perforated front and
back doors and extraction fans the top of the rack enclosure;

Door open angel 180°.

Cross connecting jumper space shall be at least 120mm to the front and rear;
An IP40 protection rating;

Load rating shall be 500kg, static;

Height: 15U, 20U, 24U, 33U, 38U, 43U or 47U (1U = 44.45mm);

Width: Inside — 482.6mm (19”) / Outside — 750mm;

Depth: 1000mm;

Where specified, The Rack enclosure shall include a 2U rack mounted LCD
Monitor, Keyboard and Mouse, with built in KVM switch to connect to the relevant
Servers.

1.11.3 Wall Mount Swing Frame Equipment Rack Cabinets

The cabinets shall be lockable and the key will be controlled by the Client.
The racks shall comply with the following specifications:

Fixed 19” installation front, for components in accordance with IEC 297-3
Flexible mounting for components with T-slot mountings

Covers above and below with brush strips for cable entry and with side vent slots
Heat dissipation discharge via a vent lid or fan top

Door open angle 180°

Cross connection jumper space shall be at least 100mm to the front and 50mm to
the sides

An IP20 protection rating

Load rating shall be 50kg, static

Height: 6U, 9U, 12U, 15U, 18U or 21U (1U = 44.45mm)
Width: Inside — 482.6mm (19”) / Outside — 600mm
Depth: 600mm

1.11.4 Rack Accessories

Brush Panels

The brush panels shall comply with the following specifications:

Mountable in racks with a fixed 19” installation front or rear
Height: 1U (1U = 44.45mm)
Colour/Finish: Powder-coated, black

Brush panels shall be installed above and below all BNC, Fibre and RJ45 FTP
patch panels. Sufficient brush covers shall be installed to enable neat cabling and
proper bending radius of cabling in the rack.

Cable Routing Panels

The cable routing panels shall comply with the following specifications:

Mountable in racks with a fixed 19” installation front and rear
Height: 1U (1U = 44.45mm)
Colour: Front Panel — powder-coated, black

Cable routers shall be installed in 19” racks to neaten the cables. This shall be
done at the Engineer’s discretion



Shelf
The shelves shall comply with the following specifications:

¢ Mountable in racks with a fixed 19” installation front
e Depth: 250mm, 320mm, 450mm or 500mm

e Colour: Powder-coated, black

e Load rating shall be 20kg, static

e Shelves shall be used to install equipment without 19” rack mounting options in
equipment racks

Pull-Out Shelf
The selves shall comply with the following specifications:

¢ Mountable in racks with a fixed 19” installation front
e Supplied with a handle

e Depth: 450mm or 600mm.

e Colour: Powder-coated Black

e Load rating shall be 20kg, static

e To be supplied fully assembled.

Blank Panels
The blank panels shall comply with the following specifications:

¢ Mountable in racks with a fixed 19” installation front or rear

e Height: 1U, 2U, 3U, 6U or 9U (1U = 44.45mm)

e Colour: Powder-coated, black

e All open areas on the front of a supplied 19” rack are to be blanked off with the
appropriate blanking panels

Power Strips (Multi-Plugs)
The power strips shall comply with the following specifications:

e Versatile all-metal cabinet with detachable mounting flanges allows rack mount,
wall mount, under counter and other creative mounting options.

e 6,8, 12 or 16 Dedicated Socket Outlets (RED)

e 15,20 and 30 Amp UL and CUL listed

e 4-2ay Universal Mounting

¢ Reset-able circuit breaker with surge protection

e The outlets shall be generously spaced to improve cable management

e Available in 19” Rack Mount, 28”, 40” and 66” Lengths for Vertical or Horizontal
Cabinet and Rack Mounting

e An IP40 protection rating

e The 19” racks shall be fitted with these multi-plug strips and there shall be one
plug per piece of equipment installed in the rack.

1.11.5 Equipment and Junction Boxes

Equipment and junction boxes shall be of steel or GRP construction.

All steel shall be primed, undercoated and gloss finished with epoxy or polyurethane paint.

All boxes shall be fitted with DIN-rail mounted 2-pole 10-Amp breaker switch for termination of power
cable.

All boxes shall have a box name or number on the cover.

Boxes for indoor use shall be at least IP 52 rated.

Boxes for outdoor use shall be at least IP 65 rated.

All junction boxes shall provide the facility to terminate fully the entire multi-core cable entering the
box.

Boxes which shall be exposed to the sun shall face south.



Boxes shall be mounted with their sides, true vertical and horizontal.

112 CONSTRUCTIONAL ASPECTS

1.12.1 All holes, wire ways, trenches, etc. required for this installation and made by the Contractor
shall be reinstated to the original condition.

1.12.2 In all cases where the Contractor uses facilities provided by others, it is the responsibility of
the Contractor to ensure that these are provided correctly to match his requirements. If
discrepancies are found, these shall be brought to the attention of the Engineer immediately
and prior to the installation of equipment.

1.12.3 No face-brick or other finished surfaces may be chased without the permission of the
Engineer.

1.12.4 No cutting of structural concrete will be permitted without the permission of the Engineer.



1.12.5 The Contractor shall provide and erect all necessary scaffolding for this contract. Scaffolding
erected by another Contractor may be utilised by the Contractor provided suitable
arrangements are made with the other Contractor.

1.13 TESTING AND COMMISSIONING

1.13.1 The successful Tenderer shall note that it is a requirement of this tender that a detailed
testing and commissioning schedule be prepared for the full testing and commissioning of the
complete system.

1.13.2 This full schedule will be available four weeks after appointment of the successful Tenderer.
The testing and commissioning schedule shall be to the approval of the Engineer.

1.13.3 It must be noted that no piece meal hand over will be acceptable and that the entire
integrated system shall be inspected and tested once all work as detailed in this detailed
specification has been completed.

1.13.4 When the Fire Detection is ready for service, commissioning shall take place to check
whether the correct quantities of equipment have been delivered and the installation is in
accordance with the specifications. Commissioning shall be performed in co-operation with
the successful tender’s personnel and representatives of Client and Engineer.

1.13.5 The date of commissioning will be scheduled by the Contractor and has to be approved by
the Client.

1.13.6 Practical Completion will only be issued once the whole of the integrated fire detection
installation satisfies the operational performance requirements of the contract and the
Engineer is satisfied that all security systems are capable of operating effectively.

1.13.7 Allindividual building levels and subsystems shall be thoroughly tested in the presence of,
and to the satisfaction of, the Engineer or their authorised representative. Performance and
acceptance testing shall include a thorough inspection (point by point) of the entire installation
and verification that the installation complies with the requirements of the specification.

1.13.8 Performance and acceptance testing to determine whether the integrated security system
achieves the required level of performance will only be undertaken after all routine testing,
adjusting, commissioning, approvals and building work associated with the contract are
complete and the works have been fully tested and commissioned by the Contractor.

1.13.9 Details of the testing required for each system and equipment shall be included in the
Contractor’s quality plan.

1.13.10 The fire detection testing and commissioning shall be conducted both during normal daylight
hours and again at night after hours, as required and to the approval of the Engineer.

1.13.11 The Contractor shall supply all labour, materials and equipment required to fully commission
and test the installation.

1.13.12 All costs associated in demonstrating that the fire detection performs as required by the
contract, shall be borne by the Contractor.

1.13.13 The following testing shall be conducted:

Factory Demonstration testing at the location nominated by the Engineer;
Commissioning testing at the installation;
Performance and Acceptance testing at the installation;

1.13.14 Testing and commissioning shall allow for any programmed staging of works as detailed in
the Contractor works program. Where staging of works is applicable elements of the works
may require testing on several occasions as a result of the integration/relocation and
commissioning of services and equipment as building works progress.

1.13.15 The Contractor shall conduct all tests and inspections, as required by the Engineer, to ensure
that the systems and all other works comply with the requirements of the Contract.

1.13.16 Equipment, which fails to operate correctly or is found to be installed incorrectly should be
repaired or replaced by the Contractor. Where any test is unsuccessful the defective
equipment shall be repaired appropriately and subjected to retesting.



1.13.17 The Contractor shall provide written notice of intention to test to the Engineer not less than 21
working days prior to the conduct of test.

1.13.18 Factory Demonstration Test

The purpose of the factory acceptance test is to:
Demonstrate that the system being provided by the Contractor operates as specified in the tender
documentation. It is not expected that the full system be operational at this time, but that each sample
subsystem under test, can be demonstrated to its full potential in a system environment;
Allow the opportunity for all stakeholders and involved parties, to physically observe and operate the
system and to provide input and feedback for final system configuration to ensure the client’'s needs
and requirements have been fully addressed;
Allow a final opportunity to consider possible design changes, with minimum impact on costs and
integration during the construction phase;
Finalise the design and functionality of the system configuration;
Present a methodology and the documentation of procedures to be used during the commissioning
phase of the project;
The factory demonstration shall include, as a minimum:
Operational samples of all equipment proposed to be supplied as part of the contract;
An operational model (limited in scale) of the sample equipment to demonstrate the functionality of
each sub-system that comprises the fire detection and security services system;
The operational model shall demonstrate the overall alarm handling, monitoring, reporting and
methodology of operation of the proposed integrated fire detection and security services system;
Factory Demonstration Test Specification
Supply a factory demonstration test specification to the Engineer for comment a minimum of 28 days
prior to the demonstration date. The factory demonstration test specification shall include as a
minimum:

e Introduction providing an overview of the factory demonstration aims, test

procedures and agenda;

e Functional block diagram of the test demonstration detailing equipment and
connectivity (including interfaces) for the test session;

e Restrictions on equipment operation for the test e.g. RF devices which may be
connected via line to simulate field operation;

e List of equipment being used in the demonstration including any test equipment or
additional equipment used in the demonstration;

Detailed test procedures fully describing:
e The specification requirement being demonstrated

e The exact procedure to be implemented to demonstrate compliance with the
specified requirement

e The expected outcome from the demonstration
e Testresult check boxes i.e. pass/fail.

e Remarks field to provide additional clarification as a result of the demonstrated
function.

e Factory test sign-off sheet for the Contractor and Engineer authorized
representatives to confirm test results.

Factory Acceptance Elements
Fully detailed block diagrams, shall be available for inspection at the factory acceptance test, which
clearly show all elements of the various subsystems and the interrelationship between all systems.

1.13.19 Commissioning

The testing of the system shall be done in the presence and to the satisfaction of the Engineer and
Client.

The Contractor shall fully test and commission all fire detection and security services to ensure that
correct operation of all systems prior to final performance and acceptance testing with the Engineer.
Tests shall include simulation of fire conditions in each zone to prove the efficiency of all aspects of
the system to the satisfaction of the department.

All equipment, material, etc., which may be necessary for these tests shall be supplied by the
Contractor, including a suitable smoke generator.



The Contractor shall do his own complete commissioning tests before the actual first take-over tests
are done. This is to satisfy himself that everything is working and is in accordance with the
specification.
During the conduct of commissioning the Contractor shall:
e Confirm that all equipment is fully operational and provides the required
functionality;

e Provide a comprehensive final commissioning report outlining all test results;

e Constructed details, performance test data on all cables and any other information
deemed necessary for future records;

e Supply all labour, materials and equipment required to fully commission and test
the installation to the satisfaction of the Engineer;

e Allow for minor programming changes as a result of testing and commissioning
and/or final performance and acceptance testing;

e Repair or replace any equipment that fails to operate correctly, or is considered by
the Engineer, to be installed incorrectly;

e Supply all passwords installed as part of these works to the Engineer;
1.13.20 Performance and Acceptance Testing

Final performance and acceptance testing to be conducted with the Engineer shall, as a minimum,
include:
e Physical inspection of each point and device;

e Test function of each point and device;

o Test alarm response and annunciation of each point and device;

e Check logging and recording of activity for each alarm point and device;

e Testrequired interface with other systems for each alarm point and devices;

e Confirmation that each system performance complies with the project
specification;
On completion of the works the Contractor shall satisfy the Engineer that the security services
installation operates in accordance with the requirements of the contract.

1.14 TRAINING
1.14.1 General

Prior to commissioning of the installation the Contractor shall provide comprehensive training of all
security staff and nominated maintenance personnel, to the approval of the Engineer and the Client.
Maintenance staff demonstrates a complete understanding of the location and connectivity of the
various elements of the security services installation.

All training aids and course notes necessary to conduct effective operational and maintenance
training shall be supplied by the Contractor. The training venue will be made available on Site by the
Client.

The training documentation must be submitted to the Engineer for evaluation and approval. No
training will commence on site prior to the written approval of the Engineer. Should the Engineer not
approve the drawings all documentation will be referred back to the Contractor for re-evaluation and
submission to the Engineer.

Documentation must be sent to the Engineer at least 12 working days’ prior commencement or
scheduling of training programs of the operational staff on site.

1.14.2 Operator Training

Training shall be comprehensive, covering all aspects of systems installed as part of these works. The
Contractor shall provide a detailed program to the Engineer, for comment and review, no less than 12
days prior to the commencement of training.
Each group of trainees should receive a minimum of an -hour training session. Allow to fully train 3
groups, each of up to 4 personnel. (The amount of personnel sent for training are to the full discretion
of the client).
Training shall be adequate to ensure that the groups trained are:

e competent in the operation of systems;



e adequately trained to carry out ongoing training;

o fully aware of the location of all equipment installed as part of this Contract within
their area of responsibility;

115 PRACTICAL COMPLETION
1.15.1 Practical completion will only be granted when:

Testing and commissioning of each system has been completed.

Testing of the integration of all sub systems in totality has been satisfactorily demonstrated.

The Engineer is satisfied that the system is operating in the correct and specified manner. All systems
equipment has been proven to operate faultlessly for a total period of two weeks following the
successful commissioning of the complete security systems.

All operators and maintainers have been trained to a satisfactory level of competency.

All information has been supplied to the Engineer for final approval. This includes all documentation
as specified in this contract.

116 DEFECTS LIABILITY
1.16.1 Full Fire Detection Installation Maintenance during Defects Liability

The Tenderer shall note that a one-year full maintenance period shall be applicable on all aspects of
the work done under this contract effective from the date of practical completion.
Without additional charge, renew any Works implemented to meet the requirements of this contract
which prove to be faulty from workmanship or materials, and ‘fully maintain and service’ the whole
installation during the defects liability period.
“Fully maintain and service” shall include:
e Monthly inspection and test of the system to verify continued operation of the
system in accordance with the performance parameters specified in the
specification;

e Assessment of system reports to ensure continued performance reliability of the
system and associated devices;

The contract shall record all works carried out during each visit and forward copies of all records to
the Engineer within 7 days of the conduct of the monthly visit

The Contractor shall deliver a proposed maintenance program to the Engineer, for approval, 14 days
prior to commencement of Commissioning testing. This shall include full a full back-up service for all
the equipment and cabling rendered installed as well as all software installed by the successful
Tenderer under this contract.

The Tenderer shall in his price fully state the monthly charge for the above inclusive of his additional
rate for labour for any after hour work required.

1.16.2 Call Outs during Defects Liability Period

The Contractor shall attend on site within two (2) hours of notification of a failure of the equipment and
associated systems.
The call out during the defect liabilities period requirement shall apply on a 24-hour day, 7 days a
week basis.
The Contractor shall forward details of contact staff, suppliers, agents and/or representatives to be
used to provide after-hours call out service to the Engineer, for approval.
The provided details shall indicate staffing levels, roster of after hour’s on-call personnel, spare parts
holdings, systems experience and qualifications.
Failure to attend on site within the specified period of two (2) hours shall allow the client to recover
costs from the Contractor. Recovery costs may include, but are not limited to:

e Additional labour costs, including penalty rates, occurring as a result of the failure

of the security services.



e Costs associated with the provision of alternate equipment used to provide
temporary resolution of a fault condition. This may include supply, transport,
installation and decommissioning costs associated with the provision of temporary
facilities.

The contract shall adhere to the Engineer defined security procedures for access to and during site
attendance over the defect liability period.

117 POST CONTRACT MAINTENANCE AGREEMENT

1.17.1 If the Client requires it, Contractors shall be able and willing to maintain their installed
equipment for a period of at least five years after completion of the contract. This will be
arranged through a maintenance contract, which will be negotiated during the free
maintenance period.

1.17.2 Such maintenance contract may be either of the following general types:

Extended guarantee maintenance contract. Under this type of maintenance agreement, the
Contractor undertakes to maintain the installation in a good working condition for a fixed price which is
independent of the number of maintenance visits which he has to make. Preventative maintenance
visits at agreed intervals are included in the price. (The cost of replacement parts may or may not be
included in the fixed price.)

Preventative plus breakdown service maintenance. Under this type of maintenance agreement, the
Contractor undertakes to do preventative maintenance visits at agreed intervals for a fixed fee.
Further call-outs will be on breakdown only and are charged at hourly and km rates. The cost of
replacement parts is extra.

118 FINAL DOCUMENTATION
1.18.1 Close-Out Documentation

The Tenderer shall note that after the completion of the contract three sets of all operating,
maintenance, training manuals and a complete spares list for all of the equipment and software
installed (together with two local agency telephone numbers where the above can be obtained), shall
be handed to the Client.

The Tenderer shall at the end of the contract update all the drawings that were issued to him during
the contract with a red pen and hand them over to the Engineer for finalisation and completion of his
contractual obligation regarding drawings.

The Tenderer shall note that he shall provide with the above documentation a list including all the
required contact details and emergency telephone numbers.

The Operator's Manuals must be compiled in such a way and contain enough detail information to
enable a suitably qualified Engineer or technician to control and operate the full installation without
any training from the Contractor. The Operator's Manuals must be a separate set of documents from
the Maintenance Manuals.

Irrespective of the abovementioned, the Operator's Manuals must also contain short form instructions
to enable trained operators (trained by the Contractor) to operate the full installation.

Maintenance Manuals shall incorporate operator's instructions must contain one (1) set of final
drawings as mentioned above.

Information of all subsystems, components, etc., of each part of the installation must be supplied, also
indicating the position of each component, the manufacturer, the type, the series number, IP address,
MAC address, performance data, i.e. full detail to enable any outside party to perform comprehensive
maintenance of the total installation.

Routine control tests as well as inspections that must be performed on individual components or parts
of the installation must be indicated. The various intervals and periods, at which these tests and
inspections must be performed, must also be mentioned.

All of the above shall form part of the as-built documentation.

All the required documentation shall be to the satisfaction of the Engineer and of the Client.

1.18.2 As-Built Drawings and Schematic Diagrams

As each portion of the work is completed, mark-up (red-line) drawings shall be provided by the
Contractor showing the exact location measured from fixed points of all cables, cable routes and
equipment. Cable routes shall be marked and coordinated on the drawing every 5m. The Contractor
shall also provide mark-up schematic diagrams for all the equipment he/she installed on site.



The Contractor is only required to provide as-built drawings of the relevant sections of the installation
that he/she worked on. If there are no existing drawings, provide a schematic diagram of the relevant
sections.

Cable schedules must be supplied, including the following:
e The number of cables mutually connected between field units and the control
unit(s);
e Cable sizes, number of conductors in each cable, number of reserve cables, etc.;
e Cable types, voltage, technical references of the cables;
Schedules containing full details with respect to interconnecting cable schedules, their size, rating,
connecting terminal detail and connecting references must be included in the maintenance manuals.

The installation is not regarded as complete until all mark-up drawings and schematic diagrams have
been received and signed for by the Engineer.
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General Technical Specification — Standby Generators

GENERAL:

This specification specifies the standard requirements for the generator installation. The
specific requirements for the project are specified in Part 2 (Project Specification).

DEFINITIONS
The following words and/or expressions in this document have the following meaning:

(1) CLIENT
means the department, council, firm, undertaking or party with which the contractor
enters into a contract for the execution of the work described in this document.

(2) ENGINEER
means the registered engineer appointed by the client to act as his representative
and consulting engineer for the execution of the works specified in this document.

(3) CONTRACTOR
means the person, firm or company appointed by the client to act as main
contractor, nominated subcontractor or subcontractor to supply, erect and
commission the installation described in this document.

(4) CONTRACT
means the contract entered into by the client and the contractor regarding the
execution of the work described in this document.

(5) INSTALLATION, WORKS or CONTRACT WORKS
means the material and/or work to be supplied, installed and commissioned in
terms of the contract entered into by the client and the contractor.

(6) SITE
means the place, premises or site(s) where the installation described in this
document, must be erected and commissioned.

(7) DOCUMENT, SPECIFICATION, INSTRUCTIONS, DRAWINGS or CONTRACT
DOCUMENTS
means this specification, accompanying drawings and any other documents or
publications referred to herein.

MULTIPLE SETS

This specification describes one generator set with related equipment. Should more than
one generator set be required all the requirements specified herein shall be applicable to
every set required.
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DEVIATIONS FROM THE SPECIFICATION

Tenderers must submit with each tender offer a clear and detailed description of any
characteristics of the offered generator set not complying in all respects to the
specification. The relevant paragraph in the specification must be referred to with a short
description detailing the extent and type of deviations from the specification.

REQUIREMENTS AT VARIANCE

Tenderers must note that this standard specification is a general specification determining
the general standard and requirements for the generator set required. The specific detalil
requirements, to which the generator set must comply, are detailed in the detail
specification. In cases where the respective requirements are at variance, the
requirements of the detail specification must be adhered to.

CODE SYMBOLS

To facilitate easy and coordinated administration of the project, code symbols in the text of
the specification are used. Paragraphs and/or sub paragraphs requiring attention at
different stadiums during execution of the contract are marked with different code
symbols. Before the contractor requires the consultant engineer to carry out certain tests
or inspections, the contractor must make sure that all the relevant items to which the
installation must comply at that stage of completion, have been fully completed. Should
the contractor fail in this requirement all fruitless expense incurred by the engineer as a
result, regarding time and traveling costs, will be to the contractor's account.

The respective code symbols, and the stage at which compliance to items so marked is
required, is as follows:

Submission and adjudication of tenders.

Inspection and testing of the generators at the premises of the manufacturer, before
delivery thereof to site.

Inspection and testing of the generators at site, after completion of the installation.

Final inspection and testing of the generator set after expiry of the contractual
maintenance period and before retention monies are paid out.

Items of general nature, although in no way less important, are not identified in this way.

VISIT TO SITE

AAA Tenderers must visit the site and satisfy themselves regarding site conditions, access to, size

1.7

and position of site, availability of labour, labour conditions, transport, loading and
unloading areas, storage areas and security of stored material, workshop areas,
scaffolding, cranes, and all equipment required for the erection of the installation, since no
additional claims regarding any such items will be entertained. Should an official site
inspection be arranged during the tender period, all prospective tenderers must attend
since this may be the only occasion where additional tender requirements are made
known.

INFORMATION SCHEDULES



AAA The tenderer must note that, should the information schedules forming part of the tender
document, not fully filled in, or if he fails to submit any other information required with his
tender offer, his tender may be disqualified.

1.8 MAKING GOOD

CCC The contractor must keep the site neat and clean, and all rubble must be removed after
completion of the installation.

1.9 SUPERFLUOUS MATERIAL

CCC All superfluous materials and equipment remains the property of the client, and must be
handed over to the Client or his representative.

1.10 STATUTORY REQUIREMENTS

The installation must be completed in its entirety in full compliance with the following,
where applicable:

(@) The latest issue of "Code of Practice for the Wiring of Premises”, SABS 10142.
(b)  The "Occupational Health and Safety Act" as amended.
(c) The Minerals Act no 50 of 1991 including the Mines and Works Regulations.

(d) The local Municipal bye-laws and regulations as well as the local supply authority's
regulations.

(e) The local fire regulations.
()  The Telkom regulations.

In additions the contractor must issue all notices and pay all the required fees in respect of
the installation to the local authorities and shall exempt the client from all losses, costs or
expenditures which may arise as a result of the contractor's negligence to comply with the
requirements of the said regulations. It shall be assumed that the contractor is conversant
with the abovementioned requirements. Should any requirement, bye-law or regulation,
which contradicts the requirements of this document, apply or become applicable during
erection of the installation, such requirement, bye-law or regulation overrules this
document and the contractor must immediately inform the engineer of such a
contradiction. Under no circumstances shall the contractor carry out any variations to the
installation in terms of such contradiction without obtaining the written permission to do so
from the engineer.

2 SCOPE OF THE WORK:
The tender price must include the following:

(1) The supply, delivery, installation, testing and commissioning of the generator set
and related equipment according to specification, within the tendered contract time.
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(2) The supply, delivery, installation, connecting, testing and commissioning of the
control board, fuel tank(s), fuel piping, cables, air louvres and/or ducting, as
specified.

(3) The supply, connecting and use of all test equipment, switchgear and fuel
necessary to carry out the tests procedures described herein, or as offered by the
tenderer. All test equipment remains the property of the successful tenderer.

(4) The supply and delivery of all spare parts, tools and manuals specified.

(5) Comprehensive maintenance and guarantee of all equipment for a period of 12
months after the date of completion of the installation.

(6) The supply and use of all materials and equipment not specifically detailed in this
document, but required to complete the contract in terms of this document and all
other authority’s requirements and codes of practice applicable to this installation.

GENERAL TECHNICAL REQUIREMENTS:

OPERATIONAL REQUIREMENTS

BBB The generator set must be fully automatic, it must start as soon as the mains supply is
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interrupted and must disconnect the emergency load automatically from the mains supply
and reconnect it to the emergency supply and continue supplying the load with emergency
power for an adjustable time period after the mains supply is restored, and re-connect the
emergency load to the mains supply, and carry on running for a further period for cooling
down, at no load, before automatically stopping to be ready again to start automatically
should the mains supply be interrupted once again.

CAPACITY

The set must have sufficient capacity to supply the electrical load continuously at the
specified site conditions without overheating or incurring detrimental effects in terms of the
equipment manufacturer's instructions. In addition, the generator set must be capable of
delivering an output of 110 % of the specified electrical load under any site conditions, in
accordance with requirements, for any one-hour period during a twelve hour operating
period.

LOAD ACCEPTANCE

BBB The generator set must be capable of accepting 70 % of the specified full load immediately
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and in one step and thereafter the remaining 30 % of the load within 10 seconds after
starting, without exceeding the prescribed voltage and frequency limits.

PROTECTION

The set must be automatically self-protecting against damage resulting from abnormal
ambient and/or load conditions, failure of components or electrical fault conditions.

MACHINE ROOM

Unless otherwise specified, the generator set must be installed in a machine room
supplied by others for this purpose. No other equipment shall be housed in the machine
room.



3.6 VOLTAGE AND FREQUENCY LIMITS

The generator set must automatically take over the supply to the emergency load as soon

as the voltage and/or frequency of the mains supply exceeds the following limits for longer

than the period predescribed :

Voltage : + 10 % or - 10 % of the nominal no-load voltage for 10
seconds or longer.

Frequency : Less than 48 Hz and more than 52 Hz for 0,1 seconds or longer.

3.7 POWER FACTOR

AAA Allinformation submitted regarding the ability of the generator set must be based on a
lagging power factor of 0,8.

3.8 MECHANICAL SYSTEM

The contractor is responsible to ensure that the respective rotating components
comprising the dynamic system are sufficiently matched that mechanical vibration
stresses resulting from critical torque and resonance, do not reach detrimental
proportions.

3.9 REGULATION

BBB Notwithstanding the fact that the regulation of the engine and alternator are determined by
publications BS 5514, BS 4999 and BS 5000 respectively, the nett electrical output
characteristic of the set must comply with the specified requirements when the complete
set is tested in accordance with the specified test procedures.

3.10 MOVING COMPONENTS

CCC All dangerously moving components must be screened off with sturdy, easily removable
screens of sheet steel or expanded metal in accordance with the applicable regulations.

3.11 TENDER INFORMATION

AAA Comprehensive detail, manufacturer's performance curves, tables and illustrations of the
equipment offered must be submitted with every tender offer.

3.12 EARTHING

The housing of the alternator, the engine and all parts of the mounting frame must be
electrically interconnected.

CCC The star point of the generator must be solidly earthed to the earth busbar in the control
board with a copper earth conductor of sectional area at least 50 % of that of the current
carrying conductors. The earth conductor need never be greater than 70 mm? in cross
sectional area.

4 INSTALLATION REQUIREMENTS:

CCcC 1) Appearance of the installation



The general appearance of the installation must be neat with all finishes and
fixings indicating a high quality of workmanship.

CCcC 2) Correcting bad work

Should the engineer find any part of the installation not acceptable, the contractor
must correct the same at his cost or replace the rejected part to the engineer's
requirements.

5 ENGINE:
5.1 TYPE AND CHARACTERISTICS

(1) The engine must be a pressure ignition, fuel injection industrial four-cycle or two-cycle
diesel engine.

(2) The engine may be air or water cooled, turbo charged or naturally aspirated.

52 ENGINE OUTPUT

AAA (1) The nett engine output under the most adverse ambient conditions must be strictly
determined in terms of SABS 5514 of 1979, as amended.

AAA (2) Should use be made of any other calculation method, such method must be
motivated in detail and is subject to the approval of the engineer. Full details of
such calculation methods must be submitted with the tender offer.

BBB 3 The derating of the engine output to compensate for ambient conditions
must be guaranteed by the successful tenderer and proved during the tests.

(4) The engine output must be calculated when diesel fuel complying with the minimum
requirements for commercial diesel fuel marketed in the RSA, is used.

5.3 STARTING
(1) The engine must start easily without any use of special equipment to assist starting.

(2) The starter motor must be controlled from the control board and must be powered
by the starter battery.

(3) The electrical starter of the engine must be designed so that the drive gear
automatically disengages as soon as the starter motor is driven by the engine. This
bendix mechanism must be of robust and proven type.

BBB (4) The start up time in either automatic or manual control mode must not exceed 10
seconds from the time the start signal is given until the generator set accepts the
full specified electrical load, subject to the engine starting at the first attempt.

BBB (5) The starter motor must be activated for an adjustable period of 5 to 10 seconds
immediately after the start signal is given. After an adjustable pause of 5 to 10
seconds, the starter must be engaged once again. After three such unsuccessful
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start attempts, the start control must automatically switch off and the "set fail"
alarm must be activated.

GOVERNOR

BBB Unless otherwise specified, the governor must regulate the engine speed in accordance with

class A2 regulation per BS 5514 of 1979 as amended, with nhominal speed of 1500 r.p.m.

55 AIR FILTER
BBB (1) The air intake filter must be of the heavy duty dry type. The capacity of the filter
must sufficient to ensure 200 hours operation without attention in the ambient
conditions expected at the site.
(2) The filter must be equipped with a differential pressure indicator, clearly indicating
when the filter requires attention.
(3) The air filter must be of the easily serviceable, clip-open type.
5.6 FLY WHEEL
The engine must be provided with a fly wheel with sufficient inertia to ensure that the
cyclic irregularity of the engine is kept within the limits specified in the BS 5514 of 1979,
as amended.
5.7 WIRING

BBB The insulation material of all wiring must be suitable for continuous service at the ambient
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temperature encountered during normal operation of the generator set. The positions
where the ambient temperature may exceed 70[C all wiring must be silicon rubber
insulated.

GENERATOR :

TYPE

BBB The generator must be a self-exited brushless, four pole, 400/231V, 50Hz, 3-phase

AAA
BBB

alternator, complying with the applicable requirements of BS 4999 and BS 5000
specifications.

The generator must be of the two bearing type equipped with ball or roller bearings. The
bearings must be pre-lubricated to ensure long service periods without attention. Single
bearing machines may be offered.

The generator must be equipped with semi-conductor rectified self-excitation and a semi-
conductor automatic adjustable voltage regulator. The output voltage must at least be
adjustable between - 10% to + 10% of the specified nominal value.

Output

(2) The generator must, in accordance with the manufacturer's requirements,
capable of delivering the prescribed full load continuously, as well as 10%
overload for any one hour period in a twelve hour operation period during which
the temperature rise must not exceed the maximum specified in BS 5000, taking in

account the possible ambient conditions specified for rotating machines with class
[
[l



B insulation (130 C). The insulation class of the offered machine must at least
comply with the requirements of class F insulation (155 C).

The classification of insulation must be in accordance with the BS 2757 as
amended. The rating of the alternator must be strictly determined in accordance
with BS 4999 and BS 5000 taking into account the most adverse ambient
conditions.

(2) The generator must be equipped with damper windings, enabling the unit to
accommodate an unbalanced load of at least 25% of full load at any load and at
the normal operating conditions without incurring any damage.

6.2 EXCITATION AND REGULATION

BBB (1) The generator regulation must comply with the regulation class VR 2.31 as defined in BS
4999, Part 40, 1972.

(2) The voltage regulation must be better than + 2%4% of the nominal voltage at all load
conditions and with any power factor between 1 and 0,8 lagging and with engine
speed variations of up to 5%.

(3) During 25% of full load unbalance conditions, the regulation need not comply with
the above, but it must not exceed +5% of the nominal voltage at a power factor
between 1 and 0,8 lagging and engine speed variations of 5% between 0% and
100% of full load.

(4) The voltage regulating system must be able to restore the output voltage to within
3% of the nominal value within 1,5 seconds after full load is suddenly applied. The
transient voltage drop may not exceed 15% of the nominal value.

(5) The excitation voltage must be obtained from a rotor mounted 3-phase alternator
and a rotating full wave diode rectifier bridge. A semi-conductor automatic voltage
regulator must control the exciter field current. The inherent damping of the exciter
must limit overshoot and resonance.

(6) The alternator design must ensure sufficient inherent loss of excitation to protect the
machine against damage under short circuit conditions.

6.3 CONNECTIONS

BBB (1) The generator windings must terminate on stud bolts mounted in a suitable terminal
housing with a removable cover plate. The terminal housing must be large enough to
facilitate the comfortable termination of the cable size specified.

CCC (2) The cables must enter the terminal box neatly and next to each other from the side
where the cable duct or cable tray is provided.

CCC (3) Should the standard terminal box of the alternator not comply with these
requirements an additional terminal box must be supplied to comply.

6.4 WAVEFORM

BBB The alternator output waveform must comply with the requirements of BS 4999 : Part 40,
par. 40.6.1.1.



Although these requirements are said to be applicable to units larger than 300kVA, they
will, for the purposes of this specification be read as being also applicable to smaller units.

7 COUPLING :

The engine generator must be directly coupled through a shock absorbing coupling.
8 MOUNTING :
BBB 100kVA sets and larger

(1) The mounting base must be of the duplex type, consisting of two separate steel
frames sized so that the one fits within the other.

(2) The inner frame must be fixed to the outer frame with vibration mountings installed
at an angle of 45 tolthe horizontal. The mountings must be large enough to bear the
weight of the fully mounted set.

(3) The engine and the generator must be mounted solidly on the inner frame.

Sets smaller than 100 kVA

(4) The mounting base may be of the uniflex type consisting of a single steel frame with
the engine and alternator directly mounted thereon on vibration mountings. In this
case the engine and generator must be solidly bolted together to form a unit.

General

(5) The outer frame must not be bolted on the floor.

(6) The outer frame must be manufactured in the form of a sledge with lifting holes to
facilitate transport and/or moving of the set.

(7) The mounting base as a whole must be designed to :

(@) withstand any bending loads applied to the engine block, coupling and
generator frame,

(b)  withstand torsion and bending moments caused by engine torque; and
(c) prevent resonating vibration at the normal operating speed.

(8) All cross members must clear the floor by at least 50mm to facilitate the easy
installation and removal of a drip panel.

(9) The cross members of the frame must preferably not be of concave sections.
Should this be the case, each cross member must be drilled in at least three
positions to ensure that fluid will drip into the drip pan.

9 SERVICE CONNECTIONS:

CcCcC (1 All service connections between static and vibrating sections must be flexible.



10

10.1

10.2

(2)

(3)

(4)
(5)
(6)

(7)

All service connections to and from the set must be of a heat resistant type where
applicable or must be protected sufficiently against damage resulting from heat or
mechanical abrasion.

Electrical connections to and from the engine must consist of silicon rubber
insulated copper conductors.

The crank case breather pipe must terminate directly above the oil drip pan.
Rigid fuel pipes must all be of copper and must be neatly installed and firmly fixed.

All electrical connections must be neatly made in accordance with standard practice.
Conductors must terminate in suitable cable lugs and/or glands. Groups of
conductors must be contained in a suitable duct.

Unless specified to the contrary, the supply, installation and connection of all
electrical cables and other services between the respective components of this
installation forms part of this contract. The termination and connection to the
distribution board of all incoming and outgoing cables supplied and installed by
others also forms part of this contract.

CONTROL AND DISTRIBUTION BOARD:

GENERAL

An integrated control and distribution board, separate from the generator set and fully
equipped with all equipment necessary for the control and protection of the generator set,
automatic mains transferring, battery charger, alarms and switchgear for outgoing
supplies, must be supplied and installed in the generator room.

DRAWINGS FOR APPROVAL

BBB The contractor must submit three paper prints of each working drawing to the engineer for
his written approval before commencing with the manufacture of the board. These
drawings must clearly show:

10.3

BBB

BBB

CCC

(1) acomplete circuit diagram of all equipment on the board,
(2) acomplete layout with dimensions, showing the relative sizes, spacing and position
of equipment and the general construction of the board, and
(3) positions and the fixing method of busbars.
CONSTRUCTION
(@8] The board must consist of separate sections, separated by sheet metal bulkheads.
to accommodate power distribution, control and bypass switchgear respectively,
as applicable.
(2) The board must be a totally enclosed free-standing unit without doors. The boards

must not stand higher than 2,3m above floor level and must be sized to fit in the space
provided for it.

3)

The board must be vermin-proof, dust-proof and drip-proof to at least comply with

class IP41 of IEC 144 protection.



CCC 4 Welded joints must be ground smooth.

AAA (5) The contractor must fully acquaint himself with the limitations on access to the
generator room. To facilitate easy transport and installation of the board in the
generator room, the board may be manufactured in separate sections. Each
section must fit through the access doors and passages and must be strong
enough to avoid damage during transport. The respective sections must be
securely bolted together after installation.

(6) Cable gland plates of sufficient size and strength to accommodate the specified
cables to the board must be provided at the top and/or bottom of the board as
required. The lower cable gland plate must be situated at least 400mm above the
base or floor level.

(7) The side panels must be made of 2mm thick and stiffened sheet metal.

(8) Machine punched holes for the installation of additional circuit breakers must be
provided. These holes must be temporarily covered with steel cover plates, painted
to match the board.

(9) The front panels must be hinged to the frame and must be designed to suite the
required grouping of equipment as required and in accordance with the positions of
busbars.

(10) The edges of the front panels must be bent over by 20mm to fit over a projecting lip
on the board frame work. Alternatively the panels must have bent-over edges to fit
flush into the front face of the frame work.

(11) Each hinged panel must be provided with a chrome plated handle.
10.4 WIRING

BBB (1) Wiring must consist of PVC insulated conductors, neatly grouped in horizontal and
vertical bundles and contained in suitable plastic channels. The size and number of wiring
channels provided must be sufficient to avoid adverse interheating in large groups of
conductors.

(2)  All wiring must be kept away from uninsulated terminals or live parts.

(3) The board must be completely wired in the factory. All external control and
interlocking connections to the board must terminate on a suitable terminal strip.

(4) The current rating of conductors used in internal wiring must be sufficient for the
current and each relevant circuit. The ratings must comply with the requirements of
the standard regulations with the prescribed grouping factors taken into account.

(5) The colours of insulated conductors for alternating current must co-incide with the
phase colours of the supply. All control and other circuits must be suitably colour
coded throughout.

(6)  All control wiring must be grey, and the end of each conductor must be numbered.
The number must be stamped on a plastic ring fitting over the end of conductor.
The terminals to which the conductors are connected must be numbered



independently of the conductor number with the same number as that of the
conductor connected thereto.

CCC (7) The colour codes and conductor numbers must be clearly shown on the wiring
diagrams.

10.5 BUSBARS

BBB (1) Busbars of solid copper with a minimum sectional area of 6mm x 18mm must be
installed for each phase and neutral conductor and must be mounted on suitable
insulators.

(2) The current density in busbars must never exceed 1.8Amp per mmz.

(3) An earth busbar of 70mm2 minimum sectional area must be provided over the entire
width of the board.

(4) Each busbar must be covered over its entire length with a double layer of PVC
insulated tape or plastic shrink on material, of colour in accordance with the relative
phase colour.

(5) All cables connected to busbars must be provided with suitable lugs securely bolted
to the busbar with cadmium plated steel bolts and washers. Three spare bolts,
complete with washers and nuts, must be provided on each busbar in a suitable
position to facilitate future connections.

(6) The spacing between adjacent busbars must be at least twice the length of the
greatest sectional dimension, but never less than 50mm. Busbars must be installed
at least 150mm away from the nearest equipment.

(7) The mounting, insulation and rating of busbars must be suitable for the system
voltage and short circuit capacity.

10.6 EQUIPMENT BBB
10.6.1 Access

Direct access to all equipment and wiring must be facilitated by only the removal of the
front panels of the board. Access to any piece of equipment must not be obstructed by
any other equipment, bracket or wiring.

10.6.2 Spacing

The following requirements regarding the spacing of equipment must be strictly adhered to

(1) A minimum of 200mm between any equipment and the frame or internal bulk head
must be maintained.

(2) A minimum of 100mm between horizontal rows of equipment. The maximum
dimensions of the equipment must be taken into account and not only that of the

sections protruding through the front panels.

(3) Single and double pole circuit breakers up to 60A and triple pole circuit breakers up
to 30A may be installed directly adjacent to each other.



(4) Free space of at least 40mm on either side of circuit breakers and isolators rated at
not more than 100A must be maintained. A minimum of 75mm must be maintained
on either side of larger circuit breakers and isolators and any other equipment.

(5) All other equipment must be sufficiently spaced to allow for the minimum bending
radius of the conductors to be connected thereto.

(6) Sufficient space must be allowed for the installation of future equipment as
prescribed.

(7) The spacing allowed must be sufficient to facilitate the easy and neat connection of
cable ends and wiring of current rating equal to that of the equipment it is to be
connected to.

10.6.3 Grouping of Equipment

Equipment in the board must be arranged in logical groups. The working drawings to be
submitted for approval before manufacture must detail the grouping clearly and, should
the engineer so instruct, be are-grouped to his requirements.

10.6.4 Mounting of Circuit Breakers

All molded case circuit breakers must be mounted flush in the board so that only the
operating handles project through the front panel. Circuit breakers and isolators must be
installed so that the operating handle points upwards for the "ON" position and
downwards for the "OFF" position, throughout.

10.6.5 Mounting of Contactors

Contactors must be directly mounted on the board frame and behind the front panel. No
plastic or other type of dust shields are required.

10.6.6 Mounting of Instruments

All ammeters, volt meters and frequency meters and other instruments must be flush
mounted in a hinged front panel. The rear of these instruments must be covered with a
removable lid of suitable non-conductive material screwed to the panel so that the
terminals of the meters cannot be inadvertently touched while the door is open. Fuses for
the protection of the instruments must be mounted in a suitable place behind the front
panels and must be clearly labelled to denote their function.

10.6.7 Mounting of Fuses

Fuse holders containing fuses that form part of the power distribution must be mounted
semi-flush in the front panel with the fuse holder handle protruding sufficiently to facilitate
easy removal thereof without opening or removing the panel. Control fuses may be
located inside control panels.

10.7 PAINT FINISH

BBB Care must be taken that all corners, edges and inaccessible areas are sufficiently covered.
The paint finish must comply with the standards and thickness prescribed elsewhere
herein.



10.8 COLOUR

BBB The colour of the board must be Electrical Orange. The inside of the board may however be

11

111

white.
EQUIPMENT IN CONTROL AND DISTRIBUTION BOARD :

Supply and install the following equipment in the respective sections of the board. The
equipment lists given below are not necessarily complete and serve only as a guide
regarding the required grouping of equipment. Any other equipment necessary for
compliance with the required functions of the set, must be supplied and installed.

The required sectionalization of the board must be strictly adhered to. Grouping together
of eg. light and heavy current equipment will not be acceptable.

LIGHT CURRENT CONTROL SECTION

BBB The following equipment must be installed in the light current control section of the board

11.2

(1) Control circuit, switches, control relays and semi-conductor components.

(2) Four position selector switch to select the control function.

(3) Sensor units for mains voltage, alternator voltage and alternator frequency.

(4) Two push buttons, red and green respectively, for the manual start and stop
functions.

(5) Battery charger with related equipment and instruments.

(6) Alarm indication and alarm reset push button.

(7) Lamp test push button.

(8) Labeled screw terminals for all outgoing control wiring.

ALTERNATOR SWITCHGEAR SECTION

BBB The following equipment must supplied and installed in the alternator switchgear section of

11.3

the board :
(1) Alternator supply main circuit breaker.

(2) Six pole change-over switch.
(3) Current transformers for alternator supply instruments.

(4) Busbars.
(5) Cable gland plate for the termination of alternator supply cable(s).
(6) Labeled screw terminals for outgoing control wiring.

DISTRIBUTION SECTION



BBB The following equipment must be supplied and installed in the distribution switchgear section
of the board:

(1) Main circuit breaker for mains supply.

(2) Six pole by-pass switch.

(3) Current breakers for all circuits as prescribed.

(4) Current transformers for mains supply instruments.
(5) Busbars.

(6) Cable gland plate for the termination of the mains supply and outgoing circuit
cables.

11.4 LIGHT CURRENT EQUIPMENT

BBB (1) Tenderers may offer their standard equipment on condition that it complies in all
respects with the operational requirements detailed in this document. Should such
equipment deviate from the requirements, such deviations must be clearly pointed
out in the tender offer. Should no such variations be documented, full compliance
to the required operational functions shall be accepted and such compliance shall
be contractually binding.

(2) The semi-conductor control unit must at least comply with the following
requirements:

(@) The unit must consist of a sturdy base frame suitable for containing
withdrawable plug in type printed circuit cards.

(b)  The light current control relays must be mounted on the printed circuit
modules.

(c)  All control switches must be mounted on the base frame unit and not on the
printed circuit cards.

(d) Printed circuit card contact strips and plugs must be of high quality with gold
plated spring loaded contacts.

(e) The mounting of components on the printed circuit cards must be of
professional quality.

(H  The modules must be interlocked to avoid faulty installation.
(g) All circuits must be designed fail-safe.

(h)  All components must be rated conservatively and the unit as a whole must
be adequately protected against lightning and switching surges.

11.5 CIRCUIT BREAKERS

BBB The following circuit breakers must be provided, installed and suitably labelled in the
heavy current section of the distribution board:



(1)

(2)

3)

(4)

A three pole circuit breaker as main switch for the mains supply to the distribution
board.

A three pole circuit breaker as main switch for the alternator supply to the
distribution board.

All circuit breakers for the protection of the circuits related to the generator set, eg.
re-heaters, battery charger. These circuit breakers must be grouped together and
labelled to denote their function.

Single and triple pole circuit breakers required in the detail specification as supply
switches to the various outgoing supplies.

In single phase systems the main circuit breakers must be double pole units.

11.6 CHANGE-OVER SWITCH

BBB (1)

(2)

®3)

An automatic change-over switch must be provided in the alternator switchgear
section of the control board. The unit may consist of two contactors or two
motorized air circuit breakers, mechanically and electrically interlocked so that
both units can simultaneously be opened but not closed.

Time relays must be provided in the interlock circuitry so that a time delay of at least
3 seconds is insured in the switch over function. After the first contactor opens,
three seconds must elapse before the other is engaged. This time delay must be
provided in both switching directions.

The change-over switch must interrupt all three phase conductors in three phase
systems and the phase conductor and neutral conductor in single phase systems.

11.7 BYPASS SWITCH

BBB (1) Supply and install a manually operated bypass switch to connect the incoming mains

()

(3)

(4)

supply to either the change over switch or, alternatively, directly to the
outgoing supply circuit as shown on the enclosed sketch.

The bypass switch must have only two positions, labelled as follows:
BYPASS STANDBY

Should the bypass switch be required with an off-position, this must be the centre
position and must be labeled:

OFF

The bypass switch must be mounted within the distribution section or in a separate
section separated from the control section with sheet metal bulkheads so that no
exposed live terminals are accessible within the control section without removing the
panel to the bypass or distribution sections. The operating handle must protrude
through the front panel of the board.

The bypass switch must switch only the phase conductors and not the neutral
conductor.



11.8 VOLTAGE SENSORS

BBB Two identical, but separate, voltage sensor units must be supplied to monitor the mains
and alternator supplies respectively. Each unit must comply with the following
requirements :

(1) It must be a semi-conductor type with two trip units respectively adjustable from
90% to 100% and 100% to 110% of nominal mains voltage.

(2) The unit must trip after the voltage of any of the three phases exceeds the set high
and/or low limits for longer than 5 seconds.

11.9 FREQUENCY SENSORS

BBB Supply and install a frequency sensor unit to monitor the frequency of the alternator
supply. The unit must be a separate semi-conductor type with two adjustable trip units,
adjustable from 45 to 50 Hz and 50 to 55 Hz respectively.

The initial set points must be 48 Hz and 52 Hz respectively. The unit must trip within 0,25
seconds after the frequency exceeds any of these preset limits.

11.10 INSTRUMENTS

The list of instruments below represents the minimum requirements for control board
instrumentation. Any additional instrumentation necessary for the operation of the
installation, must also be supplied. The types and quality of instruments is specified
elsewhere.

The instruments must be sensibly arranged, labelled and grouped in the respective sections
for generator set and mains supply instrumentation. Wherever applicable, instruments must
be fuse protected.

BBB ) Panel Lights
Six panel lights, coloured according to the phase colours, three each for the

alternator and mains supplies respectively. The lights must be directly connected
to the supply side of each main switch.

Labels : MAINS ALTERNATOR

BBB 2) Frequency meter to monitor the alternator output frequency.
Label : ALT.Hz

BBB 3) Ammeters

Six ammeters, to indicate the maximum demand and momentary phase current
values of both the alternator and main supplies respectively.

Labels : R W B R W B
MAINS ALTERNATOR

BBB (4) Volt meter



Two 0 - 600 Volt meters, each with a seven position selector switch.

Switch labels : ALTERNATOR MAINS
Position labels 1 R/G, G/B, R/B, R/N, G/N, B/N, AF
BBB (5) Hour meter

An electrical cyclometer type running hour meter.
Labels : HOURS
CCcC (6) Fuel content meter

A fuel content meter need only be supplied if a bulk fuel tank is required and such
a meter is specifically required in the detail specification. The supply and
installation of the sensor unit in the tank, as well as the connection thereof to the
meter forms part of the instruction to supply and install such a meter. The meter
must indicate the fuel content of the tank to + 5% accuracy. The indication may be
analogue or in steps but within the accuracy limit set above.

11.11 EQUIPMENT RATING

BBB The current rating and short circuit rating of all equipment must be sufficient to comply
with the system requirements. In cases where the equipment cannot comply, suitably
designed back up protection must be provided.

12 SET MOUNTED CONTROL EQUIPMENT :

BBB The following equipment must be mounted on a suitable panel on the generator set. The
panel must be mounted on the non-vibrating frame of the set and/or on suitable neoprene
vibration mountings. The equipment must be labeled as indicated.

12.1 KEY SWITCH

BBB (1) Supply and install an industrial type two position key switch. The key must only be
removable in the OFF position. The two switch positions must be clearly labeled
OFF and ON and the switch itself, MASTER CONTROL.

(2) With the key switch in the OFF position, it must be impossible for the set to be
started from the control board regardless of the position of the control selector
switch. Switching off the key switch while the set is in operation must stop the set
immediately.

(3) With the key switch in the ON position, all the required control functions must be in
operation.

Label : ON/OFF
MASTER CONTROL

12.2 INSTRUMENTS

BBB (1) An oil pressure meter with metric calibration indicating the pressure in the main oil
duct to the oil filters.



13

13.1

13.2

Label : OIL PRESSURE

(2) A temperature meter calibrated in C, indicating the temperature of the cooling
water in water cooled engines and the temperature of a centrally situated cylinder
head in air cooled engines.

Label : TEMP

(3) A DC-ammeter indicating the charge or discharge current of the engine driven
battery charger.

Label : AMMETER

All the instruments must be clearly marked to indicate the normal operating range
and the maximum and/or minimum available readings. The danger zone must be
red in all cases.

CONTROL OF THE SET: CCC

Except for the activation of heavy current equipment, all control functions must be battery
powered.

The respective control systems must be designed fail-safe without exception.
The required operational control function of the set must be selectable with a four position
selector switch mounted on the front panel of the control board. The four respective
positions of the switch must be clearly labeled as follows:
OFF AUTO MANUAL TEST
The required functioning of the control system in each of these control modes, with the
bypass switch in the "bypass" position is as follows:

OFF-POSITION CCC

(1) Both sections of the change-over switch must be opened.

(2) All alarm and control circuits must be de-energized and out of operation. The
supply to the battery charger must however be maintained.

(3) It must only be possible to connect the electrical load to the mains supply by
switching the by-pass switch to the bypass position.

AUTO POSITION CCC
(1) Normal Condition
With the mains voltage on, the change-over switch must be switched so that the
mains supply is connected to the load. All control and alarm circuits must be
operational.

(2) Power Failure

As soon as the mains supply is interrupted or exceeds the preset limits of the
sensor modules, an adjustable timer (0 to 60 seconds) must be activated.



Should the mains supply be restored before the time expires, the change-over
contactor must immediately switch back to the mains supply.

Should the mains supply not be restored within the timer period, the time relay
must initiate the start up cycle of the generator set. Restoration of the mains

supply after this time must have no influence on the set until it has taken over the
load or failed to start.

(3) Starting CCC

As soon as the start cycle of the set has been activated, all alarm circuits must be
temporarily inhibited. Thereafter the prescribed three start attempts must be
activated in succession. Should the set fail to start, the start cycle must be
automatically terminated and a start failure indication given on the board.

Should the mains supply then be restored the change-over switch must reconnect
the load to the mains supply after the prescribed 0 to 60 seconds delay.

Should the set start, the alarm circuits must be activated as soon as sufficient time
has elapsed to allow the set to stabilize. The change-over switch must there-after
be activated to connect the electrical load to the alternator.

(4) Stopping

As soon as the mains supply is restored, a 0 - 60 seconds adjustable timer must
be activated. Should the mains supply remain restored for the timed period, the
change-over switch must disconnect the load from the alternator supply and re-
connected to the mains supply. Hereafter a 0 to 5 minute timer must be activated.
For this period the set must remain running at no load to cool down. After this time
period has expired the set must stop automatically to be read once again in the

standby mode.
(5) Trip

Should a fault condition arise while the set is in operation, it must trip automatically
and the change-over switch disconnect the alternator from the load immediately so
that the set does not run down while connected to the load.

13.3 MANUAL POSITION CCC

With the selector switch in the manual position it must be possible to stop and start the set
by activating the stop and start push buttons on the control board.

Should the set be started manually, the change-over switch must automatically connect
the load to the alternator as soon as the change-over time delay has expired.

All alarm and protection circuits must be in operation.
13.4 TEST POSITION CCC
With the selector switch in the test position, it must be possible to :
(1) stop and start the set by means of manual control but without the change-over

contactor operating,
(2) run the set without taking over the load, and



(3) all alarm and protection circuits remaining in operation.

14 ALARMS AND PROTECTION:

14.1 GENERAL

CCC (1) The generator set must be automatically protected against damage resulting from
fault conditions which could normally occur in the installation during normal
operation by means of automatic alarm circuits activated by suitable sensors.

(2) The alarm system must indicate a fault condition clearly to facilitate quick diagnosis
and repair.

AAA (3) Should the nature and extent of the prescribed protection facilities described
herein, be advisably extendable in the opinion of the tenderer, the tenderer must
submit such recommendations in writing with his tender offer. This extension of
protection facilities must be offered as an alternative tender offer.

14.2 ALARM AND PROTECTION CIRCUITS AND SENSORS

Provision must be made for the following protection and alarm circuits. The wording of
related labels for identification purposes is given in capital letters in each case.

(1) Low Engine Oil Pressure

CCcC The sensor must monitor the oil pressure directly in the oil way to the engine
bearings so that a blocked oil filter will also cause alarm indication. The sensor
must be of a proven type recommended by the engine manufacturer.

OIL PRESS
(2) High Engine Temperature

CCC Air cooled engine:

Supply and install at least two semi-conductive type sensors to monitor the
temperature of at least two separate cylinder heads. The sensors must be in
accordance with the recommendations of the engine manufacturer and must
activate the alarm circuit separately and/or jointly within 30 seconds after the
temperature exceeds the set limit. The trip point must be easily adjustable with the
normal working point approximately in the middle of the adjustment range. The
adjustment must be calibrated.

Water cooled engine:
Supply and install a temperature sensor in a strategic position to monitor the

temperature of the cooled water within the engine block. The sensor must comply
with the recommendations of the engine manufacturer.



CCC

CCC

CCC

CCC

CCC

(3)

(4)

(5)

(6)

(7)

(8)

The sensor must operate jointly with or separately from the low water level sensor
described below within 30 seconds after the temperature exceeds the set limits.
The trip point must be easily adjustable with the normal work point situated
approximately in the middle of the adjustment range. The sensor must be easily
accessible and removable for maintenance and test purposes.

TEMP. HIGH

Low Water Level in Radiator
This alarm circuit only applies to water cooled engines. The sensor must be of
the static type and must monitor the water level in the upper radiator tank. The
sensor must operate jointly with or separately from the water temperature sensor

to trip within 30 seconds after the water level drops below the sensor.

Even though the temperature control unit may be activated by more than one
sensor, there must be only single temperature high indication on the control board.

TEMP. HIGH

Engine Speed
The sensor unit must monitor the alternator output frequency. It must be a
separate semi-conductor unit with two trip circuits, adjustable from 45 to 50 Hz and
from 50 to 55 Hz respectively. The unit must trip within 0,25 seconds after the
frequency exceeds the set limits.

Alternator Voltage
Supply a composite semi-conductor type sensor unit with a low voltage trip
adjustable from 90% to 100% and a high voltage trip adjustable from 100% to
110% of nominal voltage. The unit must trip should the voltage of any of the
phases exceed the set limits for longer than 5 seconds.
VOLTAGE

Overcurrent

This alarm must only be activated by an auxiliary contact to the alternator circuit
breaker in case it trips on over load or a fault condition.

OVERLOAD
Start Failure

This alarm must trip immediately should the generator set for whatever reason,
refuse to start within the prescribed three start attempts.

START FAIL

Day Tank Contents



CCC This alarm circuit must be activated as soon as the fuel level in the day tank falls below the
prescribed minimum level. The sensor must be an easily removable static type.

DAY TANK
(9) Bulk tank contents (Only if required in detail specification)

CCC This alarm circuit must be activated as soon as the fuel level in the bulk tank falls to below
the prescribed minimum level. The sensor must be an easily removable static
type.

BULK TANK

The related control modules or printed circuits must be clearly labelled as specified
to denote their respective functions.

(10) Battery Charger

CCcC Provide an alarm circuit to trip as soon as the D.C. output voltage drops to 90% of
the set value. The alarm circuit must be inhibited during a failure in the power

supply.
BAT. CHARGER

15 OPERATIONAL REQUIREMENTS

The abovementioned alarm and protection circuits must comply with the following
operational requirements:

15.1 Critical Alarms

CCC The activation of any of the alarm conditions listed under (1) to (6) inclusive above, must
immediately stop the engine and activate full alarm indication as specified. The set must
then not be able to start again before the alarm condition has been attended to and the
alarm circuit reset.

15.2 Non-critical Alarms

CCC The activation of any of the alarms listed under (7) to (10) inclusive above, must not stop the
set when in operation but must give full alarm indication as specified.

15.3 Alarms during starting

CCC All alarm circuits must be inhibited during the starting cycle of the engine until the engine has
reached operational speed or has failed to start.

15.4 Reset push button

CCC A reset push button must be provided on the control panel to reset any alarm indication to
normal after the alarm condition has been attended to.

15.5 Fleeting Alarm

CCC Should a fleeting alarm occur, the alarm circuitry must indicate it as a permanent alarm and
the alarm system must operate as specified.



16 INDICATION OF ALARM CONDITION
The alarm system must at least comply with the following requirements:
16.1 Remote Alarm Indication

CCC A master alarm relay must be activated as soon as any of the abovementioned alarm
conditions occur. This relay must also be reset to normal as soon as the alarm condition
has been reset. One set of 5A change over contacts of this relay must be wired out to an
easily accessible terminal block. The terminal block must be situated in a prominent
position in the control board and must be labelled as follows:

REMOTE ALARM
16.2 Control board indication

CCC Each alarm circuit must give a separate visual indication on the control panel by means of a
LED indication light. The indication must be a battery powered panel light. The respective
units must be labeled clearly as specified above.

16.3 Hooter and red light

CCC In addition to the above alarm indication facilities, provision must be made for the installation
of an electronic hooter equal or similar to the "KLAXON" type SY2/725 with continuous
output of 110dB at a distance of two metres mounted together on the same bracket with a
40W flashing red warning light. This indication unit must be battery powered and suitable
for external use and be mounted directly below the roof eve on the outside surface of the
machine room wall. The light and hooter must be switched on and off simultaneously
depending upon the occurrence or cancellation of an alarm condition. The supply and
installation of the cable to the unit from the control board forms part of this contract.

The supply to the unit must be protected by a 5 Ampere circuit breaker labeled as follows:
HOOTER

17 SENSORS

CCC All alarm sensors must be easily accessible and removable for maintenance and/or test
purposes. The required characteristics, operation and type of each sensor is specified in
conjunction with the relevant alarm circuit described herein.

18 POWER SUPPLY TO ALARM SYSTEM

CCC The entire alarm system must be battery powered and must remain operational during
interruptions in the mains or alternator supplies.

19 RADIO INTERFERENCE SUPPRESSION:

CCC All radio interferences must be suppressed in terms of BS800 as amended. This requirement
applies to the entire installation, inclusive of the alternator and related control systems, and
also the equipment in the control board and emergency lights.

20 EXHAUST SYSTEM: CCC



(1) The entire exhaust system, inclusive of silencers, hangers, clamps, connections,
bends and flashings form part of the installation.

(2) The diameter of the exhaust pipe must be sufficient to ensure that the back pressure
remains within limits. The radius of bends in the exhaust pipe must be at least 2,5
times the pipe diameter. The exhaust system must not depend on an extraction fan
to reduce the back pressure.

(3) The silencer must be a residential type. It must be mounted within the machine
room, independently of the engine or exhaust pipe. The sound attenuation of the
system must be at least 25dBA.

(4) The exhaust pipe must be insulated with aluminium clad mineral wool lagging inside
the generator room.

(5) A section of flexible piping must be installed between the silencer and the engine.
The connection must allow relative movement between the engine and the exhaust
system, and thermal expansion of the exhaust system without causing stress at the
exhaust manifold or silencer.

(6) The exhaust pipe must be installed horizontally through an outside wall of the
machine room and terminate outside with a 30 degree bend downwards to prevent
rain water entering the system. The point of the exhaust pipe must project
approximately 400mm past the roof eve.

The section of the exhaust pipe and related flashing outside the building, must be
manufactured of stainless steel. The horizontal section of the exhaust pipe must
be installed with a slight inclination so that condensate will drain outwards. The
contractor must thoroughly seal and finish the point of exit of the exhaust pipe
through the wall.

(7) Should the exhaust system be exceptionally long and fixed at several positions,
expansion connections must be provided between fixing points.

21 VENTILATION, COOLING AND HEATING:
21.1 STRUCTURAL REQUIREMENTS

AAA While compiling their tenders, tenderers must take into account the required provision for
cooling the generator set and/or ventilation of the machine room. Special structural
requirements to install, accommodate and ventilate the set and related accessories, must
be submitted with the tender offer in the form of fully detailed and dimensioned drawings.

21.2 VENTILATION

AAA This contract includes the supply of all air louvres required to be installed in the walls and/or
doors of the machine rooms. Where applicable the louvres must be delivered in time in
accordance with the building program to the builder on site for building in thereof. It is the
contractor's responsibility to see to it that the air louvres are installed in accordance with
his requirements.

All air louvres in outside walls must be vermin proofed on the inside with 20mm galvanized
mesh, securely fixed to the louvres.



21.3 COOLING

The offered engine may be of the air cooled or water cooled type. Should the engine be a
water cooled type, a pressure type reinforced fan cooled radiator must be provided.

Regardless whether a water or air cooled engine is offered, the supply and delivery of all
air ducting within the machine room forms part of this contract.

The hot air from the engine must be lead to an outside louvre by means of a close-fitting
hot air duct in such a manner that no serious hot air leakage can occur within the machine
room.

The cold ventilation air must be drawn into the machine room through other air louvres.
Care must be taken in the positioning of the respective louvres and exhaust outlet to
ensure that hot air and/or exhaust gas cannot be drawn back into the machine room via
the cold air inlet louvres.

The machine room design is based on the installation of either an air cooled or an water
cooled engine. Should the layout not suit the engine being offered, the tenderer must
allow in his tender price for all structural and/other adjustments.

21.4 HEATING

BBB A thermostatically controlled heater must be provided in the cooling system of water cooled
engine and in the oil sump of air cooled engines. The heater must be of sufficient rating to
maintain the engine at such a temperature that it will start imnmediately and take load as
specified even during the extreme lowest ambient temperature conditions that may be
experienced at site. The heater element must be suitable for use at mains voltage and
must be protected with a circuit breaker in the control panel labeled as follows:

Circuit Breaker Label: ENGINE HEAT
22 FUEL SYSTEM:
22.1 GENERAL

The engine and entire fuel system must be suitable for use with all grades of diesel fuel
commercially available in South Africa.

CCC No galvanized materials or materials containing zinc may form part of the fuel system.
Unless specified otherwise the supply and installation of the entire fuel system inclusive of
day tank, bulk tank, manholes and service connections form part of this contract. Should
a bulk fuel tank be available at little or no charge from an oil company, the co-ordination of
services with this oil company as well as negotiations regarding the installation of the tank
forms part of this contract and tenderers must allow for this in their tender price.

22.2 CONNECTION

CCC All electrical and fuel connections must be free of leaks and installed neatly as specified. All
piping must be neatly secured by clamps or bolts. All fuel pipes or bolts except the
flexible connections specified must be of copper. All connections between static and

vibrating parts must be of reinforced flexible piping.

22.3 FUEL FILTERS



22.3.1 Two filters, a micro filter and heavy duty sludge filter must CCC be installed between the
day tank and the engine. The filters must have replaceable elements suitable for the
required fuel flow to the engine and for 200 hours continuous operation without
maintenance. The housing of the sludge filter must be of a clear material to allow visual
inspection and large enough to serve as a water trap.

22.3.2 Should a bulk fuel tank be required, and additional heavy duty sludge filter similar to that
described above must be installed next to the day tank in the fuel supply line from the bulk
tank.

22.3.3 All filters must be of high quality and easily maintainable. The filters must be mounted in
easily accessible positions.

22.3.4 Should no bulk tank be required, a suitable valve and sludge filter similar to that described
above must be provided in the fuel supply pipe from the manually operated fuel pump.
The filter must also have a see through housing so that the water content is visible.

22.4 ENGINE FUEL SYSTEM

CCC Should the relative fuel levels in the specific installation make it necessary, an engine
mounted fuel supply pump must be provided.

(1) A manually operated fuel pump must be provided in the injector pump housing to
facilitate bleeding of the fuel system.

(2) A separate fuel solenoid valve must be provided in the fuel supply line to the engine.
When the generator set is switched off, this valve must be closed. The solenoid
must be designed for continuous service and must remain energized when the
engine is in operation. The engine must be stopped, in normal operation or upon
occurrence of an alarm condition, by de-energizing this solenoid.

225 DAY TANK CCC

(1) The capacity of the fuel tank must comply with the lesser of the following
requirements:

(a) Sufficient fuel to provide the generator set at full load for eight hours in cases
where a bulk tank is installed and 24 hours in cases where no bulk tank is
installed.

(b)  The maximum amount of fuel that may be stored above ground in terms of
the Authorities’ regulations.

(c) Never more than 1 000 litres.
(2) The contractor must fill the day tank after completion of all acceptance tests.

(3) The tank must be designed so that water and sludge will accumulate at the lowest
point thereof where it can be drained of.

(4) The tank must be manufactured of welded sheet steel to sufficient size to contain
the specified amount of fuel.



22.6

()

(6)

(7)

(8)
(9)

(10)

(11)

The tank must be provided with an inspection opening, with a lid to facilitate
cleaning and inspection. The lid must be bolted to the tank with at least 4 bolts and
a suitable gasket must be provided. A smaller screw-on lid for manual filling of the
tank must be provided.

The tank must be supplied complete with a welded angle iron stand suitably
designed for bolting to the floor. The day tank must be equipped with a level
indicator, suitably protected against damage.

The fuel line to the engine must be connected to the tank, clear of the bottom, to
ensure that sludge and sediment will not enter the fuel pipe.

The fuel return pipe from the engine must be directly connected to the tank.
A shut-off valve must be installed adjacent to the tank in the fuel line to the engine.

If a bulk fuel tank is required, an electrically driven fuel pump for automatic filling of
the day tank from the bulk fuel tank, must be supplied and installed. The pump
must be mounted on a shelf under the day tank forming part of the tank stand.

The pump must have sufficient capacity to overcome the level difference between
the supply and delivery points, regardless of the respective fuel levels in the two
tanks, as well as providing a fuel flow considerably in excess of the engine
consumption. The fuel pump must run continuously while the engine runs, the
excess fuel gravitating back to the bulk tank via an overflow return pipe. An alarm
sensor, installed in the wall of the tank, must activate a fail-safe alarm circuit as
soon as the fuel level falls below 80%.

Should no bulk tank be required in the contract, a heavy duty, manually operated,
electrically driven fuel pump with pumping capacity sufficient to fill the empty day
tank completely in 30 minutes, must be supplied and installed. Should the day tank
be smaller than 200 litres, this electrical fuel pump may be replaced with a 32mm
hand-operated wing pump. In both cases the pump must be mounted on the day
tank stand. A suction hose of sufficient diameter and length to facilitate filling the
day tank from fuel containers on a vehicle outside the machine room, must be
provided. To facilitate storage of the suction hose, a suitably steel frame or hose
reel must be provided adjacent to the day tank.

BULK FUEL TANK CCC

(1)

(2)
3)

Supply and install a bulk fuel tank with the specified capacity as indicated. The
tender price must include the cost of the excavation, the supply and installation of a
concrete base and anchors in the excavated hole, the installing and anchoring of the
tank, the backfilling of the excavation, the building of an inspection manhole with lid,
all fuel and electrical connections, content meter if required, and low alarm
connection.

The tank must be manufactured of welded sheet steel of sufficient thickness.

The manhole must be brick-built at a height of at least 400mm above ground level
and must be fitted with a standard cast iron lid and frame. The manhole must
provide access to the electrical and fuel connections to the tank as well as the
inspection manhole.
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(4) The outside surface of the tank must be treated with cognisance of local ground
conditions with cold bitumen or other similar protection against corrosion and water
as recommended by the tank manufacturer.

(5) The tank must be provided with a standard tanker connection situated in the
manhole. The tank must also have a breather pipe installed underground from the
manhole to the machine room wall, vertically up the wall to terminate under the roof
eve.

(6) The tank must be installed on, and anchored to, a suitably designed concrete base
to prevent underground water pressure raising the tank when empty. The contractor
must submit his design drawing of the base to the engineer for approval before
installation of the tank.

(7) If specifically specified in the detailed specification, a fuel content meter indicating
the fuel content of the tank on the generator control panel, must be supplied and
installed. A submerged pressure transducer, resistance wire or any other proven
method complying with the relevant SABS requirements for such equipment, may
be used.

The indication on the control panel must be calibrated in litre and must also be
equipped with a N/O alarm contact to activate a remote alarm should the fuel
content in the tank fall below 20% of the capacity. The metering equipment is fully
described in the paragraph regarding control board instruments.

(8) The fuel pipe to the generator must withdraw fuel clear of the bottom of the tank so
that sufficient space is left for sediment and water.

(9) A wooden dipstick calibrated in litres for the direct measurement of the fuel content
of the bulk tank, must be provided. The accuracy of calibration must not exceed +
5%.

LUBRICATION :
(1) Lubrication System
The engine must be provided with a high pressure lubrication system with

sufficient capacity to ensure that all main bearings, gears and related moving parts
subjected too high wear, are sufficiently lubricated.

BBB (2) OilFilters

BBB

Coarse and fine oil filters with replaceable elements suitable for 200 hours service
without maintenance, must be provided in an easily accessible position.
(3) Filter elements and oil

The contractor must supply the generator set complete with filter elements as well
as the first filling of lubricants. The cost of these items must be included in the
tender price.

(4)  Pre-lubricating pump

All engines rated 500 kW and larger must be provided with an electrically driven
pre-lubricating pump to raise the oil pressure in the engine to the minimum



ccc  (5)

working level immediately before the engine starts, if recommended by the engine
supplier.

Drain pump

A hand-operated oil sump drain pump must be provided for all sets rated 230 kW
or larger, in cases where draining the engine oil is difficult. The drain pipe and
hand valve must be mounted in an accessible position on the outside of the engine
base to facilitate easy draining of the engine oil.

24 BATTERY : CCC

(1)

(2)

3)

(4)

(5)

(6)

The set must be equipped with a fully charged lead acid battery of sufficient capacity
and voltage to suit the electrical system and requirements of the generator set.

The battery capacity must be sufficient to ensure that it can, at minimum ambient
temperature, maintain the full starting current of the generator set continuously for
90 seconds without the cell voltage dropping to below 1,5 volts pr cell while the
starter is running. Should the control and protection circuits also be powered by the
starter battery, the battery capacity must be sufficient to maintain the control and
protection circuits after operation of three starting cycles of three attempts each.

The battery must be mounted on a frame of wood or PVC covered angle iron near
the starter motor. The frame must be mounted independently of the vibrating parts
of the set.

Battery cables installed from the battery across the floor to the set, must be
protected with a sheet metal housing.

When the engine is in operation, the battery must be recharged by an engine
mounted alternator/rectifier with automatic current control. When the engine is not
in operation, the battery must be recharged by a constant voltage battery charger
mounted in the control panel in accordance with the battery manufacturer's
specification.

All connections to the battery must be sealed airtight with a non-grease type sealant
which does not dry out, such as TECTYL or similar, to prevent corrosion of the
connection.

25 BATTERY CHARGER :

ccC (1)

(2)

3)
(4)

When the set is not in operation, the batteries must be kept charged by means of a
battery charger mounted in the control panel. The supply to the charger must be
directly connected so that the charger supply is maintained regardless of the
positions of the selector or bypass switches. The 230 Volt terminals and
components must therefore be covered to prevent touching.

The battery charger must be suitable for use at the normal mains supply voltage
with a maximum voltage variation of £ 10% and a maximum frequency variation of +
3 Hz.

The battery charger output must be automatically short circuit protected.

The battery charger output voltage must be controlled, so that the charge current is
maintained within the limits set by the battery manufacturer for all charge conditions.



()

(6)
(7)

The maximum possible charge current must not exceed the limit set by the battery
manufacturer.

No manually operated boost charge facility must be provided.
The battery charger must consist of a single phase, double winding, vacuum
impregnated dry type transformer and full wave silicon diode rectifier. The battery
charger must also be equipped with the following :

(&) a main switch switching both the AC input and DC output;

(b) HRC fuses to protect the input and output circuits;

(c) internally mounted potentiometers for the adjustment of the maximum
charge current an charge voltage;

(d) aflush mounted voltmeter to indicate the DC voltage; and

(e) aflush mounted ammeter to indicate the DC charge current.

The protection fuses must be of the high rupturing capacity cartridge types,
mounted in molded case fuse holders. All incoming an outgoing circuits must

terminate on numbered terminals.

Radio interferences must be suppressed in terms of BS800.

LABELLING OF EQUIPMENT:

26

ccc (1)
2)
3)
(4)
(5)

27

27.1

Diligent attention must be paid to the complete and clear labeling of all equipment.

Labels must consist of neatly engraved multi-layer hard plastic sheeting, so that the
labels have white letters on a black background. Labels must be fixed with brass
bolts and nuts of rivets. Self-tapping screws, glue, etc, shall not be acceptable.

Each item of equipment, whether externally or internally mounted, must be labeled.
This includes circuit breakers, isolators, contactors, meters and instruments, panel
lights, switches and terminals.

Labels for flush mounted equipment must be situated on the faceplates of the
control panel directly below the indicated equipment. Where certain items of
equipment are mounted closely adjacent to each other with insufficient space below
for labeling, such as single pole circuit breakers, such equipment must be
numbered with engraved labels. An engraved legend cared must be provided
elsewhere on the front panel of the control board, denoting the function opposite
each relevant item number.

The conductors must be numbered at each end in accordance with the conductor
number on the drawings. The terminals, to which such conductors are connected,
must be independently and similarly numbered.

LOOSE EQUIPMENT :

DRIP PANS



CCC A sturdy, removable drip pan must be provided under the generator set. The pan must be
manufactured of galvanized sheeting with the edges at least 30mm high. The edges of the
steel must be bent over to stiffen same. The pan must cover the entire inner area of the
base frame so that any water, oil or fuel leakages will be contained.

Provide a similar drip pan for the day tank. The pan need not be removable, but must be
larger than the horizontal area of the day tank.

27.2 BATTERY EQUIPMENT

CCC Supply in each machine room a five liter plastic electrolyte can filled with distilled water, a
suitable funnel and hydrometer.

27.3 FIRE EXTINGUISHERS

CCC Two 4,5 kg CO: fire extinguishers, suitable for use on electric fires, must be supplied and
installed against the inner walls of the machine room in the indicated positions.

274 GLOVES

CCC Supply one pair of electrical insulating gloves. The gloves must be of the large size and
suitable for use at 1 000 Volt.

27.5 EMERGENCY LIGHTS

CCC Supply, install and connect 40 Watt fluorescent tube emergency lights, one above each
generator set and one above each control board. The light fittings must be switched on
and off by a suitable light switch situated at the generator room door and must be
powered by the starting battery of the set. The circuit must be protected by a suitably
sized fuse mounted in the control board.

The emergency lights must be supplied from one central or individual inverter units
powered by the set starter battery only when the DC light switch is on. No additional
batteries or chargers must be provided. The light output of the fittings must be 100% of
the normal light output of a 40 Watt fluorescent tube lamp.

The supply and installation of all conduit, wiring and associated accessories forms part of
this contract. Surface-mounted conduit must be painted in accordance with the colour of
the surface upon which it is mounted.

27.6 CABINET

CCC Supply and install a floor standing steel cabinet with shelves, lockable doors and two keys to
house the specified loose equipment, spares, manuals and tools in the indicated position
in the machine room. Only one cabinet per machine room is required, regardless of the
number of sets.

27.7 MANUALS

CCC Two complete sets of manuals must be provided and placed in the steel cabinet in the
machine room. Each set must contain at least the following:

(1) All manufacturers’ requirements.

(2) Complete operational instructions.



27.8

(3)

(4)
()

A fully illustrated technical description containing full instructions for maintenance
and repair work to the engine, alternator and control board. Each copy must be in
the form of a full workshop manual compiled by the equipment manufacturer.

A comprehensive spares list.

A set of A3 size drawings showing the electrical installation and wiring, fully
annotated. All conductor numbers and switchgear components must be shown.

Each manual must be prepared professionally and bound in book form. Drawings must be
drawn professionally with stenciled annotations.

The contract shall not be regarded as being complete before the contractor has fully
complied with these requirements.

GENERAL

CCC The respective requirements regarding the provision of spares, tools drawings and notices
are described in separate paragraphs under the relevant headings. Please refer thereto.

28

SPARES AND TOOLS:

CCC Tenderers must allow in their tender price for the supply and delivery at site of the following
spares and equipment:
Tools (per installation, regardless of number of sets)

29

20.1

BBB

1 -
1 -
2 -
1-
1-

set chrome vanadium spanners 6mm - 22mm, one end open and one end ring
set Allen keys 2mm - 10mm

screwdrivers, one larger and one small

hydrometer

150mm pliers with insulated handles and wire cutting section

Engine spares (per each engine and additional to installed items)

2.
4 -
1-
1-

sets of all fuel filter elements

sets of all lubricating oil filter elements
set of air filter elements

set V-belts

Control board spares

2 -
2 -

lamps of each type used
fuses of each type used

Alternator spares

1 -

set diodes

PAINT FINISH :

METAL PARTS

All exposed metal parts forming part of the installation, must, wherever relevant,



CCC  Dbe prepared and painted in accordance with SABS 064/1988. After treatment of the
surface, the total thickness of the covering layer applied must at least comply with the

following :

Baked enamel : (SABS 783 type 1) - 90 micron
Baked powder epoxy paint - 60 micron
Epoxy type spray paint

Minimum cover thickness - 100 micron

29.2 MACHINE ROOM FLOOR

CCC The concrete machine room floor must be treated as follows:
(1) The moisture content of the concrete must be less than 17%.
(2) Removal all loose material.

(3) Apply epoxy paint in accordance with the specifications of a reputable paint
manufacturer to give a final minimum cover thickness of 150 micron.

30. NOTICES:

CCC (1) Supply and install a clear and easily readable warning notice in a prominent
position in the machine room. The notice must be made of corrosion-resistant
material, preferably plastic, with big and clearly engraved letters, reading as
follows:

DANGER

This engine will start without notice. Turn selector switch on control board to "OFF"
before working on the plant.

(2) Supply and install a pressed metal notice, 250 x 150mm in size, on the outside of
each door to the machine room. A skull and crossbones with the words
"GEVAAR/DANGER/INGOZI" must be engraved thereon.

(3) Supply and install all other notices required by the "Occupational Health and
Safety Act", as amended.

31 DRAWINGS:
31.1 PRIOR APPROVAL

BBB The successful tenderer must, immediately after being awarded the tender, submit two
copies of each of the following drawings to the engineer for his approval:

(1) Complete general layout drawings.

(2) Working drawings detailing the fuelling and exhaust systems.



(3) Complete dimensioned drawings showing the generator set with accessories.
(4) Complete wiring diagrams including block diagrams of all control and other circuitry.

(5) A complete to scale drawing of the font elevation of the control board showing the
position of all equipment.

31.2 AS-INSTALLED DRAWINGS

DDD After completion of the installation a comprehensive drawing must be prepared, at least A1
in size, professionally drawn in black ink on polyester paper. A free-hand drawing and/or
annotations shall not be acceptable. The drawing must mainly consist of three sections
as follows:

(1) A schematic layout of the heavy current switchgear, connections, busbars and
instruments.

(2) A complete wiring diagram of the light current control equipment and conductors
with all components, conductors and conductor numbers clearly shown and
described.

(3) A similar complete wiring diagram of the engine mounted control panel.

All conductors, conductor numbers, components and contacts must be clearly shown
exactly as installed and connected. A legend defining all abbreviations and drawing
symbols, the name of the installation, the name of the contractor, his project reference
number and telephone number for maintenance calls, must clearly be shown on the
drawing.

This drawing must be submitted to the engineer after preparation thereof for his written
approval. One paper copy of the approved drawing must be mounted behind a perspex
cover at eye level against the machine room wall with four screws and rawl plugs.

32 TESTING:

32.1 GENERAL

The complete testing of the set as well as the provision of the necessary test facilities,
instruments, dummy load, switchgear, fuel and lubricating oil to conduct the tests, forms
part of this contract.

BBB  The generator set must be tested strictly in accordance

CCC with the specification at the supplier's premises and

DDD  after installation thereof in the machine room at site. The supplier must advise the
engineer at least 2 weeks in advance of each test date so that he or his representative
can arrange to attend.

In all cases the instruments provided by the supplier for test purposes only, shall remain
the property of the supplier. These instruments must be of high quality to ensure that the
readings obtained are accurate enough to determine compliance of the set to the
requirements.

32.2 PREPARATION FOR FACTORY TEST



BBB The contractor must prepare the set as follows at least 8 hours before the initial test at the
factory. After the set has been prepared it must not be run for a period of at least 8 hours
preceding the test.

(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

All services must be connected.

An adjustable resistance dummy load of sufficient capacity for 110% of full load of
the set must be connected. The dummy load must be initially set to the load
specified to be accepted by the generator set in one step, eg. 70% of full load or
100% of full load whichever the case may be.

The dummy load must be a balanced three phase load with the phase currents not
more than 5% out of balance.

The engine exhaust pipe must be taken out of the test area so that no excessive
gas build-up can occur in the test area.

The set must be positioned so that the hot air can ventilate out of the test area with
minimum of recirculation.

The control board must be connected to the main supply and the selector switch set
in the "off" position. To avoid connecting the dummy load to the main supply, the
dummy load must be connected through an isolator to the control board emergency
supply busbars. The isolator must initially be switched off.

The following instruments must be connected to the alternator supply terminals or
other suitable position.

(@) A digital frequency meter connected to any phase.
(b) A digital voltmeter connected to any phase if the alternator voltage control
monitors all phase voltages. If only one phase is monitored for control

purposes, the voltmeter must be connected to that phase.

(c) Three moving iron ammeters to read the phase current connected through
current transformers if necessary.

(d)  An electronic power factor meter connected as described in (b) above.

The fuel supply to the engine must be arranged in such a way that the supply to the
engine can easily be changed from the main fuel tank to a calibrated 5 litre fuel
measure and back.

Supply a stop watch for timing purposes.

NOTE :

Should the contractor request the engineer to test the set and the engineer, upon arrival at
site, find that he cannot test the set according to the specification because the contractor
has not prepared the set as specified, or has supplied insufficient or inferior
instrumentation, the engineer will postpone the test and all fruitless travelling,
accommodation, time and other costs incurred by him shall be to the account of the
contractor.



32.3 FACTORY TEST

BBB The following tests must be carried out at the premises of the manufacturer :

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Place a competent person at each of the frequency meter, voltmeter, and ammeter
to take down readings.

Switch the control mode selector switch to the "Auto" position. Switch off the mains
supply to the control board to simulate a power failure and to initiate the start cycle.
Immediately switch the dummy load isolator on to connect the dummy load to the
emergency supply busbars.

As soon as the set starts and the change-over switch connects the dummy load to
the alternator, immediately read and note the:

minimum  frequency,
minimum voltage,
maximum current, and
minimum power factor.

If possible also note how long after the connection to the load the voltage and
frequency take to stabilize. Note the stabilized values.

Check if the load and phase balance of the dummy load was adjusted correctly for
the load the set was specified to accept in one step.

Should the specification require the set to accept less than 100% load in one step,
the dummy load must be adjusted to 100% load within 15 seconds after start up of
the set. Immediately after which the abovementioned voltage, frequency, and time
readings must be repeated.

After the set has run at full load for several minutes to stabilize, increase the load to
110% of full load for 1 hour. After this the load can be reduced to 100% and the set
run for another hour. During this two hour period the following readings must be
taken at least every 30 minutes:

Engine temperatures
Engine oil pressure
Supply voltage
Supply current (3 x)
Frequency

After the above test has been completed, the voltage, power factory, frequency and
phase currents must be noted before and immediately after a load change of 25% of
full load.

Switch the dummy load isolator off and the supply voltage to the control boards on.
Note the time taken for the:

(@) Change over switch to operate and,

(b)  The engine to stop.

(10) Check the set thoroughly for any leakages.

(11) Check the construction, paint finish, mounting, labels, instrumentation and



equipment for compliance with the specification. Check if all the items marked "B"
in the specification has been complied with.

32.4 TESTS AFTER INSTALLATION OF THE SET ON SITE

CCC After completion of the installation the following test and inspections must be conducted:

(1)

(2)

3)

Test the control, alarm and protection functions of the set by simulating a fault
condition in each circuit in turn.

Check the entire installation regarding all items marked "B" and "C" in the
specification.

Check the quality of the installation regarding the ventilation louvres, exhaust
system, fuel tanks and connections, electrical cable work, emergency lighting, paint
finishes, connections to starting battery and mounting thereof, compliance to
requirements regarding manuals and drawings and general making good of damage
to the building wherever applicable.

NOTE:

The installation shall not be accepted should any of the above items be incomplete or
requirements not complied with.

33 TRAINING OF THE OPERATOR:

DDD After the set has been completed and commissioned, the contractor must train a competent
person appointed by the client to fully understand the operation of the installation.

34 GUARANTEE AND MAINTENANCE:

34.1 GUARANTEE

(1)

(2)

The contractor must guarantee the installation for a period of twelve (12) months
from the date of acceptance of the completed installation by the client.

After being notified of a fault, the contractor must immediately, at his cost, do the
necessary maintenance work to ensure that the installation is in good working
order.

34.2 MAINTENANCE

DDD (1)

(2)

ccc (3)

The contractor must maintain the installation in accordance with the requirements
of the equipment manufacturers and normal practice, for a period of twelve months
after acceptance of the completed installation by the client. The requirements in
par. 5(a) to (k) below must also be complied with.

After expiry of the twelve months maintenance period, the client may require the
contractor to enter into a service contract for a further period of one year. This
service contract may, on mutual agreement, be renewed on a yearly basis.

All tenderers must submit with their tender, a complete provisional service and
maintenance contract. This contract must be a formal document signed by an
authorized representative of the supplier and must detail the monthly service cost
for the first year of maintenance after the expiry of the twelve month maintenance



period. Tenderers must also specify the terms of escalation of the quoted service
cost.
(4) The signing of the service contract shall in no way influence the validity of the
abovementioned guarantee.

(5) Interms of this service contract, the successful tenderer must undertake to have a
suitably trained member of his staff visit the installation at least once per month to
carry out the following activities:

(@) He must report to the responsible person on site and document his
respective service activities, the date of his visit, tests, adjustments done
and all further relevant details in a logbook which must remain in the
machine room.

(b) Clean the generator set and related equipment thoroughly.

(c) Lubricate all moving parts according to instructions.

(d) Check the air filter and clean or replace same according to instructions.

(e) Check the lubricating oil, add oil or replace according to instructions.

()  Note the reading on the hour meter.

() Replace the lubricating oil filter according to instructions.

(h) Do all adjustments to the engine valves and fuel injection equipment
according to instructions.

(@ Clean the starting battery and top up electrolyte if required.
a) Run the set for 30 minutes on load and check for satisfactory operation.

(k)  Report to the client in writing regarding all major service requirements,
components that are worn or damaged or must be replaced according to
manufacturer's instructions. The contractor must submit a detailed quotation
for each of these items.

35 QUALITY SPECIFICATION: BBB CCC
35.1 GENERAL

This quality specification determines the minimum requirements applicable to all
equipment forming part of this installation.

Describing the quality requirements of any piece of equipment herein does not necessarily
mean that such equipment is required in this installation and is only applicable as far as it
is relevant.

Where equipment is specified by name in the specification, alternative makes may be
offered subject to the engineer's prior approval and full compliance to the specified
requirements, SABS and/or BS specifications applicable. The onus for obtaining the
engineer's prior approval for such alternator supply equipment deviating from the specified
requirements without obtaining the engineer's prior approval, the engineer may instruct
him to remove such equipment immediately and replace same with equipment complying



with the specified requirements. The cost of such replacements shall be for the account
of the contractor.

All equipment of the same type must be of the same manufacture.
35.2 RUPTURING CAPACITY

The fault current rupturing capacity of all equipment guaranteed by the manufacturers
thereof, must at least be greater than the unsymmetrical fault level of the system of which
it forms a part. Should this not be the case, sufficient back-up protection must be
provided by installing correctly sized HRC fuses.

If the fault level exceeds 20 kA the switchgear must be type tested to SANS 61439 and
61642.

35.3 LOCALLY MANUFACTURED, SABS-MARK

Equipment manufactured in the RSA must preferably be used. Such equipment must
preferably also bear the SABS mark. Should equipment with the SABS mark not be
available, equipment bearing SABS approval must preferably be used. As a last
alternative equipment bearing the relevant BS, VDE or NEMA-marks of approval may be
used.

35.4 FUSES AND HOLDERS

High rupturing capacity fuses must comply with the requirements of SABS 172 or BS 88
and have a rupturing capacity of at least 80kA. Fuses not mounted in fuse switches, must
be mounted in retractable holders and suitable bases.

The fuse unit must be securely mounted on the holder and not on the base. Each fuse
and holder must have an inspection hole or point to enable identification of a blown fuse.
The live supply conductor must be connected to the upper terminal of the base.

35.5 HIGH RUPTURING CAPACITY FUSE SWITCH COMPLETE WITH CARTRIDGE FUSES

The fuse switch must be of the 3-pole type with sufficient current rating for the service
application and must comply with BS 2510 of 1954 or BS 3185 of 1959 whichever is
applicable. The "ON" and "OFF" positions must be clearly indicated. With the switch in
the "OFF" position the fuses must be fully isolated. The cover must be interlocked to
prevent the switch from being opened while it is in the "ON" position and to prevent the
switch being operated when the cover is opened.

35.6 MOLDED CASE AIR CIRCUIT BREAKER: 1A - 800A

This circuit breakers must comply with the requirements of SABS 156 of 1977 as
amended, and must be suitable for use at mains voltages up to 440/250V, 50Hz,
alternating current.

The fault current rupturing capacity of each unit must at least be greater than the fault
level of the systems at the point of installation. Failing this, each unit must be back-up
protected with suitably chosen HRC fuses.

35.7 CONTACTORS



Contactors may be of the open or totally enclosed types. The contactors must be 3-pole,
electro mechanically air break units, suitable for use in a 440/250V system and must
comply with SABS 1092 of 1977, as amended.

The current rating of the contacts and the mechanical strength of the unit must be
sufficient to ensure that the unit shall withstand the maximum unsymmetrical fault current
of the system for the period required for the protective circuit breaker and/or fuse to
interrupt the fault without the contactor being damaged in any way.

Non-current carrying metal parts must be interconnected and suitably earthed to the earth
terminal of the distribution board.

The voltage rating of the control coils of the contactors must comply with the system
voltage. Contactor parts used for mains transfer switches must be mechanically and
electrically interlocked.

Should the auxiliary contacts form an integral part of the contactor, units with sufficient
contacts to ensure that one N/O and one N/C contacts are left as available spares in
addition to contacts used for interlocking purposes. All auxiliary contacts must have a
current rating of at least 6 Amps up to 230 Volt AC and unity power factor.

35.8 RELAYS

All relays must be of the "OAK", "TELEMECANIQUE" or "SIEMENS" or equal types. The
voltage rating of the coils must be matched to the system voltage and the current rating of
the contacts must be greater than required for the connected load.

Relays with a current rating of 6 Amp or lower must be of the plug-in type with a matching
bakelite or similar type base plate. The base plate must be mounted in the board so that
the relay can be viewed and/or removed easily. Connections to the base plate must be
soldered or fixed with screw terminals. The relay must be housed in a dust proof clear
plastic housing.

359 VOLTMETER SELECTOR SWITCH

All voltmeter selector switches must be suitable for a 4 wire, 3 phase 50Hz system at the
specified system voltage and must be of the double contact air break type with an "off"
position and 6 switch positions so that the phase-to-phase and phase-to-neutral voltages
can be read with one voltmeter. The contacts must be of the break before make type.
The switch positions must be clearly labelled and the unit must be suitable for flush
mounting in the board so that only the control knob and indicator plate are mounted on the
front of the faceplate of the distribution board.

The selector switch must be mounted directly below or next to the relevant voltmeter.

35.10 SELECTOR SWITCHES

Selector switches for the control and switching of control circuits must in general be of the
same type of construction and specified for voltmeter selector switches. The movement of
the lever must be limited to only allow sufficient rotation to cover the number of switch
functions required and no more. The number of poles required to obtain the specified
switch functions must be mounted on a common shaft. The contacts must be of a silver
alloy or equal quality.

The current rating and service duty of their contacts must be suitable for the specified
application.



35.11 PANEL LIGHTS

All panel lights must be of the TELEMECANIQUE or KLOCKNER MOELLER or equal type
supplied with 22mm dia. chrome mounting ring. The lenses must be red, green or yellow,
depending upon the phase colour, or indication required. All panel lights must be
provided with LED's.

35.12 PUSH BUTTONS

All push buttons used in the installation must be of the TELEMECANIQUE or KLOCKNER
MOELLER type or units of similar quality unless specified otherwise.

The push buttons must be mounted flush in the board and fixed with chrome plated screw
type mounting ring. In general a push button with a green knob must be used for a switch
on function and a push button with a red knob for a switch off function.

35.13 VOLTMETERS, AMMETERS, FREQUENCY METERS AND HOURMETERS

These types of meters must be of the "P.C.1." (Process Control Instruments) or really
equal quality units of another manufacture. The dial plate of each meter must be 96 x
96mm square. All frequency meters, hourmeters and voltmeters must be protected with
HRC fuses installed on the supply side of each circuit. The fuses must be housed in the
conventional, withdrawable holders. The fuse holders must be mounted near the relevant
meter and must be clearly mounted.

35.14 AMMETERS: INDICATION AND MAXIMUM DEMAND COMBINED

The instrument must be suitable for flush mounting with a 96 x 96mm square dial plate
and must consist of a moving iron ammeter suitable for indication of the momentary
current value, combined with maximum demand ammeter with a bimetal element
indicating the average current value on a 15 minute basis. The maximum demand
ammeter must be equipped with a resetable, residual indicator, indicating the highest
current reading obtained. The bimetal system must be compensated for ambient
temperature. All three indicators must be mounted on concentric scales.

The instrument must comply with BSS 89 as amended.

The ammeter must be equal to the PCI type FBia for use with a suitable metering type
current transformer with a 5A secondary winding.

35.15 TERMINALS

Terminals for control and interlock circuits must be of the "KLIPPON" type or other type of
equal quality. The terminal units must mount on a common metal rail suitable for mounting
in the distribution board. The current rating of the terminals must suit the application and
in no instance be smaller than 5A.

35.16 EARTH LEAKAGE RELAY (30mA) : SINGLE AND THREE-PHASE UNIT
(&) With circuit breaker
The unit must operate on the current balance principle. The sensitivity and reaction

time of the relay must be sufficient to ensure immediate tripping should an earth
leakage current of 30mA or more occur. The unit must be compensated for



(b)

ambient temperature variations and the sensitivity must remain within limit for
normal frequency variations.

The unit must be equipped with an integral test push button by means of which the
operation of the unit can be tested. The unit must be able to withstand fault
currents as defined in SABS 156 of 5kA between phase and earth, phase and
phase and phase and neutral conductor without any damage.

The single phase unit must be complete with a single or double pole circuit breaker
and the three phase unit complete with a three pole circuit breaker. The circuit
breakers must be equipped with overcurrent of at least 5kA when tested in
accordance with SABS 156.

The three phase earth leakage units and relevant circuit breaker must be suitable
for use in a 400/231V 50Hz system and the single phase unit and relevant circuit
breaker must be suitable for use in a 230/220V 50Hz system. The earth leakage
units must in all respects comply with SABS 767 of 1964 as amended and must
bear the SABS mark.

With isolator switch

The relay must comply with all the requirements detailed in (a) above except that
the circuit breaker specified is replaced with on-load isolating switch with shunt trip
coil and a fault current rating of 5kA.

35.17 THREE POLE ON-LOAD ISOLATOR SWITCH WITHOUT SHUNT TRIP

The isolator switches must be of the manually operated, air break type, suitable for flush
mounting in a panel. The contacts must be silver alloy and the switch mechanism must
be of the snap action type. The switches must be able to make and break circuits under
full rated load and must be equipped with arc chutes. The switches must be able to
withstand switching in a short circuit and shall be rated according to the fault current rating
of the board at the position of installation.

To identify an isolator from a circuit breaker, the handle of the isolator unit must be in a
different colour and the unit must be permanently marked "isolator".

35.18 BUSBAR INSULATORS

All busbar insulators must be glassfibre or epoxy, suitable for use at voltages up to 600V.
The insulators must be able to withstand the mechanical stresses resulting from system
short circuits.

35.19 ELECTRONIC COMPONENTS AND PRINTED CIRCUITS

(1)

(2)
3)

The general arrangements, composition and configuration of circuitry and
components must be logical and designed for easy maintenance and inspection of
components.

Components must be of the best industrial quality available.

If possible all electronic circuits must be grouped in logical units for modules on
printed circuits mounted in suitable frames.



(4)

(5)

(6)

(7)

(8)

(9)

Printed circuit cards must be mounted vertically to allow sufficient air movement for
cooling. Care must be taken that the heat build-up in the panel does not exceed the
ambient requirements of the components.

Printed circuits must be designed and manufactured in compliance with the
requirements of publication 321 of the International Electrotechnical Commissioning
affiliated to 1SO.

All contacts and terminals on printed circuits must be gold plated.

The completed printed circuit must have a neat appearance with edges neatly
finished.

Each printed circuit must be marked with a clear identification code number
corresponding with the code number on the frame so that the position is clearly
identified.

The code number on the frame must be visible when the control panel board doors
are opened for inspection of the printed circuits. The corresponding code numbers
must also be shown on the schematic diagram.

35.20 THRYSISTORS AND POWER DIODES

(1) Thrysistors and power diodes forming part of the charging and power supply circuitry

must be of the best commercial quality available. All components must be of the
silicon type.

35.21 TIME RELAYS

All switch contacts in time relays must have a current rating at least greater than the circuit
being switched and be suitable for the type of load being switched and the duty cycle.

The relay must be equipped with a clear plastic, dust proof housing enclosing the relay
coil, contacts and mechanism. The delay time must be adjustable with an external screw
or button. The adjustment must be clearly calibrated in seconds and/or minutes.

35.22 CABLES

All heavy current cables must be PVC insulated steel wire armoured cables with copper
conductors of sufficient cross-sectional areas for the application in terms of the most
recent editions of SABS 1507 and SABS 0142.
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