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1 GENERAL
1.1 Description

This Specification covers the design, supply, of the diesel generator set to supply essential plant services during a total loss of electric supplies. This Specification covers the ratings, design, equipment requirements, inspection and testing. This is basically performance type specification and covers only those general aspects that are meant to ensure a minimum standard of quality performance. 

All materials and equipment shall be provided as are required to make a complete, properly functioning installation and shall conform to the highest standards of engineering design and workmanship.

The diesel generator set and associated equipment shall comply in all respects with the General Technical Requirements for electrical equipment and the latest revision of the IEC publications except where otherwise stated.

1.2 Scope of Supply

The supply and services to be performed by the Contractor shall comprise the design, manufacture, shop testing, packing, transport, insurance unloading, submission of documentation, training of the Beneficiary’s personnel, inspection and replacement of any defective items and endorsement of the test methodology and test results of the commissioning tests and final acceptance test.

The Contractor is bound to provide complete Facilities, even if the equipment or services to be provided are not mentioned specifically in the following Scope of Supply.

The Bill of Quantity (B.O.Q.) is summarized in the following schedule:

	Item
	EQUIPMENT
	TS 400/110 kV

Vranje 4

	Cod
	
	pcs

	22001
	Diesel generator electric set with automatic control 180 kVA, 400/230 V, 50 Hz

Three-phase synchronous, self-excited brushless single bearing generator, automatic start-up, complete with necessary accessories, located in the container 
	1


2 EQUIPMENT REQUIREMENTS

2.1 General Design

The required unit shall be capable of being black started and supply power to all loads connected to the 400/230, 50 Hz– Emergency Board. The engine control, instrument and alarm panel shall be fully operational during the black start.

Special consideration shall be given to the requirements of black starting on the following items:

· Distillate fuel supply to engine.

· Switchboard closure.

· Circuit breaker closure against a dead busbar.

· Any other considered necessary by the Contractor.

When a diesel generator is in service the steady state emergency board busbar voltage and frequency levels shall be automatically controlled within limits of plus or minus 5% and 1% respectively of the selected reference levels irrespective of the steady state load.

Transient changes of voltage and frequency levels, during loading period after start, shall be restored to and stay within these limits in less than 15 seconds. The plant supplied shall incorporate all equipment necessary to achieve this. The reference levels will normally be set in accordance with the  rated voltage and frequency conditions but the Plant supplies shall incorporate facilities for the local or remote manual adjustment of these reference levels within approved limits.

The diesel generator set shall be capable of starting and accelerating to rated speed and to accept all the loads specified in the data sheet.

At no time during the loading shall the frequency and voltage decrease to less than 97% of nominal and 90% of nominal respectively.

The voltage drop when starting the largest motor with other loads in operation shall not exceed 15% at the motor terminals.

Also the simultaneous disconnection of any combination of loads totaling 25% of the generator rating shall not cause the busbar voltage and frequency to rise above 115 and 104% respectively of the reference levels. In any event the voltage and frequency recovery times shall not exceed maximum values of 1 and 5 seconds respectively after the said application or rejection of loads.

In addition to normal/standby duty, the diesel generator shall be required to operate continuously at full output load. The plant supplied shall be suitable for such a duty.

Diesel generator set shall be capable of operating continuously at its rated output under the most adverse ambient conditions. The diesel generator shall be capable of starting and supplying power to all loads connected to the 400/230 V, 50 Hz – Emergency Board. Start up shall be automatic upon detection of loss of the normal supply.

The un-damped torsional natural frequency shall be at least 10 % above and below any possible excitation frequency within a speed range of 90 % - 115 % of the rated speed. Any critical speed below 90% or above 120% of rated speed for three minutes shall not cause any damage. Automatic over/under speed trip with time delay element shall be provided.

The Manufacturer shall ensure that the audible noise level generated by the diesel generator set shall not exceed 85 dbA at a distance of one meter.

The diesel generator set shall be designed and configured to optimize inspection and maintenance as well as the overhaul activities. Components with weight/mass greater than 25 kg shall be provided with lifting lugs.

Generators shall have jacking bolts or facilities to lift the generator with the aid of a mechanical jacking device to facilitate alignment of the generator with the prime mover.

Reliability in terms of high Mean Time Between Failure (MTBF) factors is essential for this equipment. To achieve this objective, the Manufacturer shall examine the rating factors applied to all components used in manufacture, and guarantee that the ratings for this application will be modified as necessary to ensure long term reliability.

Diesel generator set with its associated accessories, including the control panel for automatic start up, electric starter system (including battery and recharge), cooling device, damper, tubes and exhaust collector, supports etc, shall be built in inside the suitable designed container located adjacent to the Control Building. The container is subject of the supply under this tender and shall be designed to satisfy the climate and all environmental conditions stated in General Technical Requirements.

2.2 Diesel Engine

2.2.1 General

The Diesel Engine shall be selected from the Manufacturer's standard range of products. Prototype equipment shall not be acceptable.

The diesel engine shall be of the four stroke, turbo-charged, inter-cooled, compression ignition type with direct fuel injection operating at a speed not less than 1500 rpm and designed for operation on distillate fuel. 

The exhaust outlet from the silencer shall contain sufficient flexible connections to prevent vibration being transmitted to the structure and arranged to exhaust to the atmosphere at a high level and to keep out rain and dust as far as possible. Exhaust system to include spark arresters. The exhaust piping shall be insulated for personnel protection. Removable guard shall be for supplied engines flywheel, engine-generator coupling and any other exposed moving parts, for personnel protection.

The engine shall be fitted with an over speed and under speed device in accordance with ISO 3046-6. This device shall shut down the engine by shutting off the air inlet shut-off valve and the fuel solenoid valve independently of the speed governor. The over speed device and its indications shall be manual reset only. A full load rejection shall be possible without causing an over speed trip.

The governing system shall be provided with a reversible motor with limit switches to prevent over speeding to facilitate remote control of speed and load, and an emergency trip solenoid. The governing system shall have an adjustable droop characteristic for parallel running but shall be arranged for operation when supplying essential and associated loads in isolation from the system.

The following locally fitted devices shall be supplied:

· thermometers,

· pressure gauges (manometer),

· lubrication oil tachometer,

· exhaust gases temperature and pressure measuring.

2.2.2 Lubrication Oil System

The engine shall have a force feed lubricating oil system. It shall include an engine driven lubricating oil circulating pump, radiator type or jacket water cooled oil cooler with thermostatic bypass, a large capacity high pressure simplex filter to 25 microns or better and all the necessary pipe-work.

A motor driven priming pump shall be supplied. All alarms, protection devices, valves and fittings necessary for the safe and efficient operation of the system shall be provided. The crankcase vent shall be taken outside the building.

During shutdown periods the control of the motor driven priming pump shall allow intermittent operation for a timed period to keep the engine bearings etc., wetted with oil. The Contractor shall propose the timing.

2.2.3 Cooling Water System

The engine shall have a closed circulation jacket water cooling system. The diesel generator system shall comprise engine driven centrifugal water pump, a radiator type cooler with thermostatic bypass valve and pipe-work capable of controlling temperature under all conditions of load, and all necessary thermometers. The radiator shall be mounted on the set's under-base. Cooling air blast shall be by an engine driven fan. The engine driven fan shall be enclosed by a protective mesh to prevent accidental access.

The DG set shall be provided with the jacket water cooling system, be maintained at 40°C by a small motor driven centrifugal pump and electric heater shall be provided.

2.2.4 Engine Starting System

A separate diesel engine starting system shall be provided, using d.c. electric motor and a battery charger. In addition to the specified equipment, all associated control gear and supervision equipment for starting system shall be supplied. Start and shutdown of d.c. motor shall be performed automatically, and the battery charger shall continuously recharge the accumulator battery.

Starting Battery of the engine shall be provided. Battery shall be rated for four sequential starts. The Manufacturer shall submit battery sizing calculation with his tender. Battery shall be provided with a ventilated, steel-reinforced plastic battery box mounted on the diesel generator set skid. The box lid shall be constructed such that, in case of mechanical damage, the battery terminals will not be short-circuited. The lid shall also be securable when open as well as when closed. The battery boxes shall protect the batteries against displacement, excessive temperature, vibration and mechanical impact. The batteries within their boxes shall be readily accessible for servicing.

2.2.5 Engine Barring Gear

The engine shall be fitted with manually operated barring gear capable of turning the engine in either direction.

2.2.6 Engine Fuel System

The engine fuel system shall be capable of supplying distillate fuel to the engine and shall include the following items.

A distillate fuel day tank shall be provided for engine having a capacity equal to the fuel consumption of the engine at full load for a period of 12 hours and shall be complete with all necessary supports and fittings, including:

· A visual level indicator readable from the operating floor level.

· Goose neck vent pipe with wire gauze covered opening.

· Tight fitting bolted inspection lid.

· One outlet connection at least 50 mm above the base of the tank.

· Bottom drain connection with padlocked drain valve and drain pipe connected to the distillate storage tank.

· Low level alarm 

· An overflow connection to a sump.

The tank shall be positioned so that it is not directly above an exhaust pipe or close to an exhaust silencer. The tank shall be painted externally with two coats of an oil resistant epoxy based paint of an approved colour and shall be left unpainted internally. The tank shall be preserved internally before despatch.

An integrating fuel meter shall be installed such that the distillate fuel consumed by each engine may be measured. A suitable pre-metering strainer shall be provided together with a lockable bypass across both strainer and meter. The tank inlet shall be provided at the top side.

An engine driven distillate fuel pressurising pump and a duplex fine fuel filter shall be provided.

2.2.7 Air Inlet System

Dry type inlet filter /silencer shall be furnished and mounted. The filter/silencer shall consist of a carbon steel housing with replaceable filter elements with a nominal retention of 0.01 mm (10 microns) or better. It shall be a heavy-duty air cleaner, dry cartridge type, cleanable and easily replaceable during compressor operation.

Filters having paper elements, or of oil bath type are not acceptable.
The filter/silencer shall be sized for 125 percent of the compressor’s rated capacity.
Filters shall be mounted as high as possible, consistent with access for maintenance, with substantial support being provided from within the package unit.

2.2.8 Exhaust System

The engine shall be supplied with a complete exhaust outlet and silencing system.

The silencer shall have noise attenuating properties required for residential areas.

The exhaust gas ductwork between the turbocharger and the silencer shall include wall boxes and the necessary bellows to allow for thermal expansion. The supporting structure shall be arranged to prevent the engine vibration and such that no side loads are imposed on bellows. The external ducting and silencer shall be adequately braced to resist high winds. The outlet duct from the silencer shall be located high enough for the exhaust to clear the apex of the diesel generator container roof under all wind conditions and the exhaust is to be directed vertically

All exhaust ductwork, bellows, silencer and outlet pipe and bends shall be adequately installed and metal clad.

2.2.9 Cooling Water Chemical Treatment

Chemical treatment shall be adopted for the distilled water used in the diesel cooling system.

The chemicals shall be added to the radiator header tanks manually. The Contract shall include the supply of the chemicals required for the water treatment during start-up, commissioning and for the first year of operation.

2.2.10 Engine / Alternator Bedplate

The engine shall be coupled through a flexible coupling to the a.c. generator and all cooling equipment associated with the set shall be mounted on an under-bed of robust construction capable of supporting all electrical and mechanical stresses. Anti vibration mountings shall be provided between the under-bed and the container floor bearing in mind the manner of container fixing, which shall be a preferable plain foundation slab.

2.3 a.c. Generator

2.3.1 Generator Operating Conditions

The generator shall comply with IEC 60034 and shall be designed with the following technical data:

Rated voltage
400/230 V

Number of phases (star-connected)
3

Number of wires
4

Frequency
50 Hz

Rated power factor
0.8

Rated actuation level
circa 0.995

Voltage regulation 
± 1.5 %

Neutral
solidly earthed

The generator maximum continuous rating shall be based on the maximum site temperature limit specified. The maximum permissible temperature rise appropriate to the class of insulation used, shall be in accordance with IEC 60034-1 when operating within the limits specified for voltage and frequency. Insulation shall be non-hygroscopic Class F in accordance with IEC 60085.

The generator shall be designed for operation at 10% engine overload at any power factor between unity and rated power factor for a maximum period of one hour in any twelve hours as permitted by ISO 3046/ii.

The generator shall be capable of operating at MCR and rated frequency at a voltage that may vary between 95% and 105% of the rated voltage. The generator shall also be capable of supplying the rated output at rated voltage and power factor at a frequency that may vary between 47.5 and 52.5 Hz.

The generator shall incorporate fully interconnected damping windings.

The degree of ingress protection level, in accordance with IEC 60034-5, shall be:

· for generator 
IP 23
· for air output 
IP 21
· for control board
IP 41

The terminal box shall be made of steel and may be of phase insulated type. The terminal box shall be designed so that the products of an electrical breakdown within the terminal box are relieved through a pressure relief diaphragm to the outside of the terminal box. The terminal box shall be designed to prevent small parts from dropping into the generator housing. 

Pressure relief shall be located to minimise the potential for injury to personnel.

Sufficient space shall be provided for connecting the cable(s). Gland plates and glands to be used for single–core cables shall be made of non-magnetic material. 

Terminal blocks and bushings shall be made of synthetic resin.

The a.c. generator shall incorporate excess temperature detectors with adjustable alarm limits.

2.3.2 Generator Cooling

The design, supply and installation of the entire cooling system shall be based on the air temperature limits specified.

The cooling system shall be IEC 60034-6 designation ICO 141 or ICO 151.

2.3.3 Stator

The cores of stator shall be made up of high permeability low loss stampings tightly clamped together to reduce noise and vibration to a minimum. Ventilation ducts in sufficient quantity to ensure uniform cooling shall be provided and the conductor slots shall be smooth and free from sharp corners.

The stator frame shall be of fabricated construction and shall be designed to resist the stresses set up by short circuit or other abnormal forces. Flanges shall be provided on the frame for connection of the inlet and outlet cooling air ducting, current transformer chambers and cable boxes.

The general construction of the stator and bracing of the windings shall provide adequate cooling surface and the avoidance of hot spots. The stator coils shall be former wound and shall be made up before insertion in the slots. The winding and bracing of the overhang shall take all strains from the coils at the points where they leave the slots.

A suitable number of resistance temperature detectors shall be provided. The detectors shall be embedded in the slot separators of the stator winding and shall be used to indicate hot spots or overheating. Bearing temperature detectors shall also be provided.

Resistance temperature detectors shall be platinum type with a resistance of 100 Ohm at 0ºC and 138.5 Ohm at 100ºC. Leads shall be brought out to a separate terminal box mounted on the Generator enclosure.

2.3.4 Stator Terminals

The a.c. generator winding terminations shall be phase segregated, designed and rated in accordance to the relevant IEC standards and both ends of each phase winding shall be brought out to insulated terminals. The neutral winding star point, shall be connected to earth via the neutral earthing equipment referred to later in this section.

2.3.5 Rotor

The rotor spider and hub shall be of cast steel or fabricated welded steel construction. The hubs shall be bored out to fit tightly on the shaft and be secured by means of well fitted keys and fitted clamping bolts.

The poles shall be secured to the spider by an approved method with suitable locking devices to ensure that no movement or subsequent loosening can take place.

Particular attention shall be given to the insulation and securing of adjacent coils and clipping connections to avoid vibration and the possible failure of either the connector or its insulation.

The rotor shall be designed to withstand the maximum over speed which could occur under any operating condition plus a margin of 10% and shall as a minimum be rated to withstand an over speed of 20% above the rated value for one minute.

Efficient fans shall be fitted at each end of the rotor body to provide for all cooling air requirements and suitable air guides are to be provided for correctly distributing the air.

2.4 Excitation System

The Generator shall be provided with brushless type solid state excitation system with Automatic Voltage Regulator. 

The excitation system shall comprise at least the following:

· AC Exciter.

· AVR with Auto/Manual channel with automatic changeover facility.

· Voltage adjuster (rheostat).

· AVR voltage failure relay (alarm).

Generator field and excitation current shall be controlled to maintain voltage constancy by the Automatic Voltage Regulator.

2.5 Automatic Voltage Regulator (AVR)

The automatic voltage regulator (AVR) shall be provided.

Under steady state operation the regulator shall maintain voltage within ±1.0% of the rated voltage between idle and full load operation, for power factor between 0.8 and unity (1). 

Under transient state the voltage drop on full load application shall be less than 15 % and recovery time shall be within 3 % of the rated voltage in less than 3 seconds.

The AVR and associated equipment shall be mounted in a separate section of the Engine Instrument and Alarm Panel specified later in this section.

2.6 Heaters

Low temperature heaters along with supply cables shall be installed for maintaining the stator and exciter internal air temperatures at about 5 degree C above ambient for the purpose of preventing condensation of moisture on the winding during shutdown periods. An On/Off/Auto switch and a red heater on indicating lamp shall be fitted on the Engine Instrument and Alarm Panel. The heater shall be suitable for operation on a 230 V a.c. single phase supply.

In the auto position the supply shall be connected via auxiliary switches on the generator 400 V circuit-breaker / contactor to cut-off the supply to the heaters automatically after start and to switch on the supply automatically when the circuit breaker is open or in the isolated or earthed position. The on/off positions shall bypass the auxiliary switch circuit to provide a manual control facility.

2.7 Characteristic Curves

The following type test information shall be submitted with the Tender:

· Generator efficiency curves

· Curves of open circuit voltage and short circuit characteristics

· Machine rating chart showing thermal and steady state/dynamic stability operating limits and stator core end heating limits

· Voltage and frequency response of generator with the sudden application or injection of load current.

· Nominal exciter voltage response

· Generator sudden short-circuit performance curves (current/time):

· with no-load excitation

· with full-load excitation

· with AVR.
2.8 Emergency System Operation Description

Control of the emergency diesel generator set is from a local control panel which includes a control system, protection and measuring system and a local/remote monitoring system.

A selector switch shall be provided on the local control panel for manual/automatic start up selection.

In the automatic selector switch position the diesel generator set shall be arranged that in the event of voltage loss on the emergency board the diesel generator set shall start up automatically. After reaching rated speed the diesel generator set circuit breaker on the 400 V emergency board shall automatically close.

Under normal operation of the substation the diesel generator set is not running but it is in a state of readiness to start quickly and supply the load.

In the event of total supply failure the relevant under voltage relays which monitor the mains voltage on the emergency board detect a voltage drop and send the starting signal to the diesel generator set control panel. After a preset time to confirm main voltage failure, the incoming circuit breakers to the emergency board will be opened. The generator set starting sequence consists of twelve starting attempts sequentially delivered to the generator set. A speed signal breaks the starting operation when the preset value is reached by generator sets.

When an engine begins to run up the speed increases until the rated 1500 rpm value is reached, while the alternator reaches nominal voltage. When the nominal values of frequency and voltage have been reached, the diesel generator set is ready to accept the load and the automatic connection takes place to emergency board. The diesel generator set remains in service until the mains supply are restored. When the mains supply is restored the diesel generator is shut down automatically when the preset time is reached. After the diesel generator has been isolated from emergency board it continues running for a further few minutes in order to dissipate heat from the engine. After this run-on period engine automatically shuts down and is ready for another operation.

The generator set, via the devices of the control panel, can normally be started on local (manual) or remote (automatic) signals following the loss of the mains supply. On restoration of the normal mains supplies the diesel generator set is shut down local/remote manually or automatically.

The diesel generator control panel performs the following functions:

· feeds for the diesel generator set auxiliaries;

· automatic engine start operations;

· closing signals to the circuit breakers of the diesel generator set;

· diesel generator set automatic stopping sequence after mains is restored;

· manual starting and stopping operations of the diesel generator set;

· weekly load test programme;

· supervision of the diesel generator set by engine and alternator protective devices;

· providing remote signals for status monitoring.

2.9 Protection, Metering and Control Equipment

Equipment of an approved type shall be provided to obtain the diesel generator protection.

An alarm shall be initiated on the local control panel in the event that a rotor earth fault whether transient or otherwise occurs. The equipment shall detect earth faults under any conditions of speed load or rotor temperature.

A set point which shall be adjustable shall initiate an alarm in the event of an earth fault being indicated in the rotor which requires the generator to be shut down.

Instrumentation and controls shall be provided including interlock and tripping circuits and devices, necessary to protect the plant and personnel. 

A free standing, floor-mounted local control panel shall be provided. Coloured mimic diagrams with instruments, control switches, devices symbols and alarm lamps shall be on the front door. Local control panel functions are previously described in item 2.8.

The following control & protection equipment shall be provided as a minimum:

	Number of sets
	Description

	1
	Over-current protection relay

	1
	Over-voltage protection relay

	1
	Under-voltage protection relay

	1
	Under-frequency protection relay with an over-frequency function

	1
	Reverse power protection relay

	1
	Field failure protection relay energised by stator current and voltage signals

	1
	Negative phase sequence (NPS) relay energised by stator current signals

	1
	Thermal image relay

	1
	Time dependent over-current relay energised by phase current signals, Voltage restrained

	1
	Manual/Automatic start up selector switch.

	1
	Engine start/stop switch

	1
	Automatic start sequence equipment

	1
	Start sequence In Progress indicator

	1
	Start sequence Complete indicator

	1
	Failed to Start indicator

	1
	Manual speed control and speed indicator

	1
	Emergency stop push button switch, fully surrounded with lock and key release

	1
	kW indicator

	1
	kVAR indicator

	1
	kW hour meter

	1
	Voltmeter for generator field

	1
	Ammeter for generator field

	1
	Governor speeder motor control switch raise-neutral-lower

	1
	Field circuit breaker control switch

	1
	Duty/Standby start up selector switch

	1
	Hours run indicator

	1
	Excitation manual/auto control selector switch with balance voltmeter

	1
	Manual excitation raise/neutral/lower control switch

	1
	Automatic excitation raise/neutral/lower control switch

	1
	Circuit breaker open/neutral/close switch with open and closed indicating lamps (green/red)

	1
	Voltmeter for generator output

	1
	Ammeter for generator output

	1
	Power factor meter

	1
	Frequency meter


The following indications shall be provided as a minimum:

· engine running lamp

· engine speed

· fuel oil service tank - level

· cooling water to engine - temperature

· lubricating oil to engine - temperature

· battery voltage

· battery charger - a.c. supply voltage

· battery charger - d.c. supply voltage

· battery charger - d.c. output current

The following alarms and trips shall be provided as a minimum:

· engine over speed trip

· electrical protection trip

· generator stator winding temperature high alarm

· a.v.r. failure alarm

· fuel oil service tank level low alarm

· engine cooling water temperature high alarm

· engine lubricating oil pressure low alarm

· engine lubricating oil temperature high alarm

· battery voltage high alarm

· battery voltage low alarm

· battery charger fail alarm

2.10 Engine/Generator Protection Devices

The engine shall be provided with the following accessories as a safeguard in the event of a dangerous operating condition arising and such other measures as the Contractor considers necessary for the safe and efficient operation of the plant.

An emergency shut down trip solenoid shall be provided.

All safety devices which cause an engine to shut down shall incorporate some form of indication to show that they have operated, preferably by indication on the engine alarm panel.

Duplicated independently operating electrical sensors and trip solenoids shall be provided.

Failure of any of the protective circuits shall not cause the set to shut down.
2.11 Diesel Generator set Container

Diesel generator set including its associated accessories shall be installed in the suitable designed container to maintain the running conditions and maintenance requirements. The container shall satisfy the environmental conditions described under Part I - General Technical Requirements for electrical equipment. Sufficient free space shall be left around the container to allow the maintenance personnel access inside the container.

Double roof shall be incorporated in order to prevent overheating due to sun radiation as well as the weather conditions during all the year seasons. Container roof shall be equipped with four mounted lifting eyes.

The container shall be painted and shall be furnished with internal lighting and small power services as well as with the necessary equipment in order to obtain the proper service conditions.

Internal indoor lighting, equipment and metal construction earthing, cubicle heaters, shall be provided.

Outer doors of container shall be with heavy – duty hinges and with key locks.

Ventilation shall be natural air circulation and labyrinthine louvers. Additionally enclosure shall be forced ventilated to enable better working conditions for staff, manually controlled but without influence to the normal operation of DG set.

3 SPECIAL EQUIPMENT AND TOOLS

Special equipment and tools shall be supplied for maintenance and operation of the diesel generator equipment. All tools shall be of the best quality and of the class most suitable for working under the conditions specified. All materials used in the tools and equipment shall be new. 

4 Materials for operation and maintenance
Materials for operation and maintenance shall be supplied in accordance with General Technical Requirements and quantities shall be listed in the relevant Schedules.

Any additional spare part recommended by the Contractor shall be listed in the relevant Schedules.
5 INSPECTION AND TESTS

5.1 General

Tests shall be carried out in order to determine whether the material and equipment comply with the required properties.

All tests on material and equipment shall be made in accordance with IEC standards if not otherwise agreed by the Engineer/Beneficiary. If some tests are not covered or if a method of testing is not specified in IEC standards or if there are options in relevant IEC standards the Contractor shall submit the method by which he proposes to conduct the tests to the Engineer/Beneficiary for the approval.

The following lists of tests do not restrict the Engineer/Beneficiary’s right to call for further tests if he considers these necessary at no extra cost.

The maximum ambient temperature of 40ºC has the following important effect:

High temperature operation tests shall be performed at 40ºC.

Type test shall be performed on each type and rating of the specified equipment with purpose of proving its characteristics.

Routine tests shall be performed on each piece of equipment to be supplied for the purpose of revealing faults in material of construction. They shall not impair the properties and reliability of a test object or reduce its lifetime.

On arrival at site and after assembly all items of equipment shall be inspected and tested in order to check quality and anticipated correct installation and operation of the equipment and all defective items replaced. The Beneficiary during installation will submit test results together with his methodology to the Contractor for his endorsement. The Contractor will also endorse the commissioning tests undertaken by the Beneficiary.

Factory acceptance tests shall be performed in presence of user in manufacturer laboratories before shipment. 

On arrival at site and after assembly all items of equipment shall be inspected and tested in order to check quality and anticipated correct installation and operation of the equipment and all defective items replaced. The Beneficiary during installation will submit test results together with his methodology to the Contractor for his endorsement of the commissioning and final acceptance tests.
5.2 Workshop Test

5.2.1 Type Test

If type test certificate is not available then type test shall be performed on each type and rating of the specified equipment with the purpose of proving its properties.

The following type tests shall be performed:

5.2.1.1 
Engine

1. vibration

2. lubrication

3. carburation

4. speed regulation

5. shut-off at maximum speed

6. temperature

7. pressure

5.2.1.2 
Alternator

1. 
No-load test

2. 
Loading test (15 minutes)

3. 
Over-speed test

4. 
Dielectric test

5. 
Insulation measurement

6. 
Control of voltage, current, kilowatts, power factor, kVA, excitation voltage and field current

5.2.2 Routine Tests

Routine tests shall be performed on each piece of equipment to be supplied for the purpose of revealing faults in material or construction. They shall not impair the properties and reliability of any part being tested or reduce its lifetime.

5.2.3 Site Tests

5.2.3.1 General

On arrival at Beneficiary’s stores all items of equipment shall be inspected, tested and defective items replaced.

The Site tests are subdivided into four stages:

1. Inspection Tests made by Engineer/Beneficiary supervised by the Contractor after delivery of the  equipment at the stores or site as directed by the Engineer/Beneficiary  and the Inspection certificate  will be issued on the satisfaction of the Engineer/Beneficiary .

2. Where the Inspection tests shall be conducted by the Engineer/Beneficiary after required assembly of the components delivered, in order to confirm that all components of the equipment have been comprehensively provided and that all components are compatible. The Engineer/Beneficiary will inform the Contractor of the inspection test methodology and test results for his endorsement
3. Commissioning tests conducted by the Beneficiary and witnessed and  endorsed by the Contractor on site representative.

4. Final Acceptance tests conducted by the Beneficiary that the Contractor will endorse the methodology and test results.

5.2.3.2 Test During and After Completion of Erection

In order to ensure correct installation of the equipment as well as to prove that the equipment has been correctly installed, the following tests shall be performed by Beneficiary during and after completion of erection on all equipment, for which methodology and test results shall be endorsed by the Contractor:

1. 
Full load operation for a two-hour period at PF = 1.0

2. 
Demonstration of automatic start-up

3. 
Demonstration of manual start-up

4. 
Demonstration of voltage regulation

5. 
Demonstration of automatic shut-off in case of fault

6. 
Demonstration of speed regulation

5.2.3.3 Commissioning Tests

Main objective of the commissioning tests is to check on proper and safe operation of the equipment and in particular to verify and confirm performance parameters as defined in the Technical Specifications and the Technical Schedules.

Commissioning shall be performed in accordance with a Detailed Commissioning Test Program prepared by Engineer/Beneficiary.

The Beneficiary shall perform the following commissioning tests on the complete assembled set:

1. 
Insulation resistance measuring by a 2500 V Instrument;

2. 
Operation test including automatic and manual start-up,

3. 
Checking of complete wiring for individual and remote control and signaling;

4. 
Voltage test on all L.V. circuits;

For performance of tests the applicable approved standards, essentially IEC Standards shall be observed.

The details of the methods of measurement, of the conditions and conduct of the test at site shall be prepared laid down in a separate program, defining the sequence of the tests, the equipment preparation and operation procedure to be followed.

Should the test result indicate that the performances are below those guaranteed the Clause 7. of this Section will be applied.

After successful termination of all commissioning tests the equipment shall be subject to a Final acceptance Test.

5.2.3.4 Final acceptance Test

The Final acceptance Test operation shall be carried out by the Beneficiary.

The time schedule of test operations and issuing of the corresponding certificates shall be under the terms specified in the General Conditions of Contract.
6 TRAINING

Not applicable.
7 DOCUMENTATION

The following documentation prepared shall be submitted with the Tender:

1. General arrangement drawings, showing particulars of all equipment and accessories, their overall dimensions, weights, front and section views, etc.

2. Current rating and cross-section calculation for justifying the proposed changes of the values given in these Specifications.

3. Reference list of equipment of the same type as quoted, installed in similar climatic and service conditions.

4. Detailed list of available type test certificates and type test reports, giving details of kinds of tests, type of equipment tested and data of tests.

5. Descriptive catalogues and literature on the proposed types of equipment.

6. Quality control manual or certificate.

7. Installation manual

8. Operating manual

9. Maintenance manual

Tenders with insufficient information and/or incomplete Technical Data Schedules may be liable to be rejected.

The following documentation prepared in Serbian language shall be submitted before training:

a) Operating instructions

b) Maintenance instructions
c) Installation instructions
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