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1 General
The objective of this document is to define the minimum technical requirements for the design, construction, inspection and testing of the Diesel Engine Generator to be installed as part of XXX project.

2 REFERENCE Documents

The reference documents listed below form an integral part of this specification.

2.1 Project Documents
	[1] Equipment Design Conditions 
	XXX

	[2] Diesel Engine Generator Data Sheet
	XXX

	[3] Basis of Electrical Design
	XXX

	[4] Requisition for Diesel Engine Generator
	XXX


2.2 Codes and Standards

Diesel Engine Generator shall conform as a minimum to the requirements of the latest available edition of the following documents, in order of precedence.

· Applicable laws, rules and regulations of the country in which the system will be operated , 

· Project specification, data sheets and drawing,

· Applicable standards of the latest editions of International Electrotechnical Comission (IEC),

· Applicable International Standard Organisation (ISO), metric system and units in particular.

	[5] IEC Standard Voltages
	IEC 60038

	[6] Rotating Electrical Machines
	IEC 60034

	[7] Dimensions and Output Ratings for Rotating Electrical Machines
	IEC 60072

	[8] Electrical Apparatus for Explosive Atmospheres
	IEC 60079

	[9] Thermal Evaluation and Classification of Electrical Insulation
	IEC 60085

	[10] Current Transformers
	IEC 60185

	[11] Classification of Degree of Protection Provided By Enclosures
	IEC 60529

	[12] Short-Circuit Calculation in Three –Phase A.C. Systems
	IEC 60909

	[13] Degree of protection provided by enclosure (IP code)
	IEC 60529

	[14] Deals with important engineering related matters such as power ratings, fuel consumption, vibration and test methods
	ISO 3046

	[15] Describes how to establish ratings, measure performance and evaluate engines, alternators, controls and switchgear. This standard also defines test methods for measuring vibration and sound
	ISO 8528

	[16] Standard for Emission Test Cycles
	ISO 8178


3 Definitions and abreviations

3.1 Definitions

	Company
	XXX Company

	Package
	A total process or utility package unit provided by a package Vendor incorporating all the equipment and items on the equipment list and shown as being within a chain dotted box on the P&IDs. A package, because of its size, may consist of one or more skids depending upon the vendor’s design.

	Skid
	A single physical unit totally piped, wired and fitted with all equipment as defined on the P&ID’s. Skids may be incorporated within packages.

	Vendor
	Supplier of equipment, packages and or skids.


3.2 Abbreviations

The following abbreviations are used throughout this specification:

	Abbreviations
	Definition

	AC
	Alternative Current

	AF
	Cooling: Air Forced

	AN
	Cooling Air Natural

	CENELEC
	European Committee for Electrotechnical Standardisation

	DC
	Direct Current

	HV
	High Voltage

	IP
	International (Ingress) Protection

	IEC
	International Electrotechnical Commission.

	IT
	Isolated neutral system

	FAT
	Factory Acceptance Test

	LV
	Low Voltage

	ONAF
	Cooling Oil Natural Air Forced

	ONAN
	Cooling Oil Natural Air Natural

	RTD
	Resistance Temperature Detector

	TNS
	Terre (Earth) Neutral Separate

	UPS
	Uninterruptible Power Supply 


4 SERVICE CONDITIONS
4.1 Ambient Temperature

· Maximum:115 ºF

· Average :75 ºF

4.2 Relative Humidity

· Maximum:70 %

· Minimum:10 %
4.3 Environmental conditions

Refer to the project specification, Equipment Design Condition Ref.[1]
The environmental conditions as identified in the above referenced document are to be taken into consideration for the selection and the sizing of the equipment. Vendor shall ensure that the equipment is suitable for the accelerations to be encountered during the transportation and at the final location.

The minimum degree of protection of enclosures shall be IP42. 
In case of corrosive atmosphere special provisions shall be taken by the equipment Vendor to avoid equipment corrosion. The Vendor shall indicate in his bid which protection / measures have been taken for all equipment.

Electrical equipment shall be tropicalized.

4.4 Design life

The design of the Diesel Engine Generator and constituent parts shall be at least 20 years.

4.5 Systems voltage and earthing system
Systems voltages are summarized as follow. Refer to the basis of electrical design (Ref.[5] for details

	SYSTEM
	NOMINAL VOLTAGE(V)
	FREQ.(Hz)
	PHASE
	WIRES
	EARTHING METHOD
	DESCRIPTION

	HV AC
	35000
	50
	3
	3
	Extinction Coil
	Transmit Electricity

	
	10000
	50
	3
	3
	An Impedance
	Transmit Electricity
Motors ≥ 200 kW

	
	6000
	50
	3
	3
	An Impedance
	Transmit Electricity
Motors ≥ 200 kW

	LV AC
	400
	50
	3
	3
	Solid (TN-S)
	Motors  < 200 kW

Welding socket

	
	400/230
	50
	3
	4
	Solid (TN-S)
	Lighting Distribution

	
	230
	50
	Single Phase (Phase to Neutral)
	3
	Solid (TN-S)
	Lighting

Small power (< 2kW)

Space heater

Convenience Outlets

Control circuits

Contactor coils

	
	230 (UPS)
	50
	Single Phase (Phase to Neutral)
	3
	Solid (TN-S)
	Instrumentation

	DC
	220
	
	
	2
	Unearthed
	Space heater

Control circuits

Contactor coils

	
	24

(Generated from the 230VAC-UPS)


	
	
	2
	Unearthed
	Instrumentation


The equipment shall be suitable for operation, without deleterious effect, with variations as follows:

Main & auxiliary AC voltages:

· ±5% in steady state conditions

· ± 20% for transients lasting less than 1.5 second

Frequency:

· ± 2% for steady state conditions

± 10% for transients lasting less than 5 seconds
Auxiliary DC supply:

· ± 10% in steady state conditions.

4.6 Service operation
Diesel Engine Generator shall be suitable in all aspects for continuous operation at full load service.

4.7 Hazardous area

Diesel Engine Generator and all associated equipment and/or material will be located in non hazardous area. Therefore requirements for explosive atmosphere are not taking into account.

5 DESIGN AND CONSTRUCTION

5.1 General

5.1.1 The Diesel generator set and auxiliary equipment shall be sourced from a manufacturer qualified by a minimum of five (5) years of experience in manufacturing units of comparable rating at the proposed point of manufacture. Only Diesel generator, which has a proven satisfactory history of operation for at least five (5) years, will be considered.

5.1.2 The following items shall be included for each generator package, as a minimum requirement:

· One Diesel Engine driving the Generator

· Alternator and associated excitation system and voltage regulator

· Exhaust ducting/pipe

· Inlet air filter

· Generator control panel with monitoring instruments (oil and water temperature and pressure gauges, switches and control and shutdown facilities etc.) as per minimum requirements mentioned in specifications or data sheets.

· Generator protection switchgear

· System Earthing

· NGR Panel(if required)

· Starter, Batteries and battery charger

· Wiring of on skid equipment to any on-skid panels and devices

· Special tools and spare parts required for initial commissioning

· Factory Testing

· Preparation for shipment

· Documentation

· Supervision of site installation and assembly

· Pre-commissioning, Commissioning, Site and performance testing Acoustic canopy(IP42) including inert gas based fire detection and suppression system

5.1.3 The package shall be suitable for continuous duty power generation and shall be capable of producing the required power at site ambient conditions and 0.8 power factor. The unit shall include, but not be limited to, the components described in this specification.

5.1.4 All materials, equipment and parts comprising the units specified above shall be new, and of current manufacture.

5.1.5 Equipment shall meet all applicable codes, including those listed in Section 2. Proven standard Contractor / Supplier equipment supply shall be considered as an option.

5.1.6 The equipment covered by this specification shall be suitable for the specified operating conditions.

5.2 Rating of Generator Set

The diesel engine generator set shall be designed in accordance with the following design basis.

1. Class of rating:Prime/Continuous (*1)

2. Rated voltage:400 V

3. Power factor:0.8

4. Rated frequency:50 Hz

*1) The set shall be capable of supplying continuous power at variable load and allow 10% overload power for 1 hour following 100 % load 12 hour operation.

*2) The stated output rating shall be based on stated maximum ambient temperature and altitude.

5.3 Diesel Engine

5.3.1 Diesel engine, four-cycle, medium speed operation, turbo-charged, complete with auxiliaries as described herein. Design, construction and performance shall be in accordance with the manufacturer’s proven standard and shall be capable of supplying the output of the generator and all driving auxiliaries.

5.3.2 The generator shall be a 400V, three-phase and 50Hz brushless, synchronous type built to IEC codes and standards.

5.3.3 The diesel engine shall be wired to start automatically on the opening of a remote contact indicating power failure.

5.3.4 The maximum starting time to reach rated speed shall not exceed 20 seconds. Starting shall be with no load until the transfer circuit frequency and/or voltage relays permit the application of load.

5.3.5 The driver shall have a running time between major overhauls of 15,000 hours minimum as indicated by engine hour-meter. Exhaust shall meet current exhaust and emission standards as per local regulations.

5.3.6 Balance adjustment shall be made only by addition of weights. Generators shall have provisions for possible future rotor balancing in a maintenance shop by the addition of weights.

5.3.7 The generator shall have two (2) stator winding RTDs per phase. Each generator bearing shall have one RTD. The RTD’s shall be platinum, 3 wires, 100 ohms ( ) at 0 C.

5.3.8 Hoses made of rubber, synthetics and other materials susceptible to heat damage and atmospheric deterioration shall not be used for fuel, lube oil, and other hydrocarbon lines on engines. Where flexible pipe connections are required, braided, corrugated or all metal stainless steel hose that is rated to withstand the system operating pressure at a temperature of 650 °C or higher shall be used.

5.3.9 The Manufacturer’s standard system of lube oil system of on-engine moving parts is acceptable unless otherwise specified in the requisition.

5.3.10 For the air intake filter supplied loose by the engine Supplier; the Contractor shall provide the mounting for the air filter and all piping and ductwork between the air filter and the engine.

Intake ducting or piping shall be properly supported to prevent excessive strains being applied to the intake nozzle on the engine. Expansion bellows provided by the engine Supplier shall be installed in the locations approved by the engine Supplier.

5.3.11 The Contractor / Supplier shall provide the mounting for the silencer and all piping and ductwork between the silencer and the engine. Exhaust ducting or piping shall be properly supported to prevent excessive strains being applied to the exhaust nozzle on the engine. Height of the exhaust shall be 3m above the ground level.

5.3.12 The generator/engine combination shall be mounted on a common base plate, made of structural steel beams and with flat top plates, suitable for stationary installation.

5.3.13 Over speed trip will be set at 115%.

5.4 Generator

5.4.1 The generator shall be of a brushless excitation, consisting of exciter and permanent magnet generator (PMG) synchronous type, self-cooled. Design, construction and performance of the generator shall confirm to the requirements of IEC 60034.

5.4.2 The stator windings shall be WYE-connected unless otherwise specified. The neutral shall be leaded out and low resistance earthing. The windings shall be mechanically braced to withstand all short-circuit conditions.

5.4.3 The insulation of generator and exciter shall be Class F and temperature rise limit shall be that of class B at 40°C ambient temperature.

5.4.4 All insulation materials shall be chosen for maximum moisture, fungus, abrasion and corrosion resistance, as well as high dielectric strength and high bonding qualities.

5.4.5 The nominal generator speed shall not be greater than 1500 RPM. The system shall be capable of withstanding twenty percent (20%) over speed for 2 minutes without mechanical damage and permanent distortion. A generator set without applying a gear coupling is strongly preferred.

5.4.6 The rotor shall be constructed with the armature field and the brushless exciter assembly on a common shaft.

5.4.7 The generator shall be of the two-bearing type. Means to prevent lubricant leakage and contamination shall be provided.

5.4.8 The generator shall be capable of withstanding for ten (10) seconds without damage, an excitation level in the field winding corresponding to a fault current of 300 % of full load current, along with the associated short-circuit heating and forces in the armature windings.

5.4.9 In case of wye connected generator, the current transformer shall be provided on the neutral load for grounding fault protection relay. Short circuit current and bolted three phase short circuit current based on the capability of the generator only.

5.4.10 The generator shall be equipped with space heater(s) to prevent internal condensation of moisture. The heater(s) shall be located so that generator windings near the heater(s) will not be overheated. Power will be supplied from an external source to the generator control panel. The heater(s) shall be automatically switched off when the generator is energized.

5.4.11 In order to eliminate the effect of circulating currents through the bearings, the use of a generator with insulated bearing at one side (non driven end) is recommended.

5.4.12 The generator shall be equipped with a terminal box to contain the connection between the generator lead-outs and incoming cables.

5.4.13 Separate terminal boxes shall be provided for auxiliary equipment fitted to the generator, such as winding temperature detectors, space heater, and current transformer etc.

5.5 Engine Cooling System

5.5.1 The engine cooling system shall be self-contained radiator type.

5.5.2 Pump shall be shaft driven centrifugal type with thermostat and bypass.

5.5.3 The cooling system is to be filled with ethylene glycol and water mix.

5.6 Starting System

5.6.1 A 24V DC starting system including Battery charger and Batteries shall be provided. A higher voltage in accordance with manufacturer’s requirements will also be allowed for starting shall be electrical signal from a local start push button and by a remote start signal.

5.6.2 Automatic controls shall be provided for starting and exercising. A cycle cranker for up to three (3) cranks, with two (2) rest periods shall be provided. Alarm contacts shall indicate start-up and failure to start (at the end of the sequence). Failure in automatic circuitry shall not jeopardize a safe shutdown.

5.6.3 Automatic solid-state, high-low rate charger for operations by external AC supply and a belt-driven alternator with regulator for charging during operation shall be provided. The AC operated charger shall be capable of recharging discharged batteries in maximum of eight hours. Charger failure and low battery voltage alarms shall be provided.

5.6.4 The controls shall be timed and interlocked to prevent start-up-cycling on system malfunction. A manual reset shall be provided. The starting sequence shall stop immediately upon any engine malfunction.

5.7 Fuel System (With separately Mounted Fuel Tank)

5.7.1 The sub-base fuel storage shall be sized to provide sufficient fuel for 12 hours operation at rated load and shall be of the heavy duty industrial type. In addition, separately mounted day tank shall be provide to provide storage of 24 hours.

5.7.2 The following devices shall be located on the diesel fuel tank:

· Vent with flame arrestor

· Fuel level gauge (several stage), number of sections as required, external type

· Tandem level switch High/Low, external float cage

· Fill connection with cap

· Valve drain connection

5.8 Voltage Regulator System

5.8.1 The system shall consist of a solid-state regulator, automatic voltage controller and manual voltage controller with bumpless transfer switch (completely independent of the regulator). Contractor / Supplier shall provide over excitation and under excitation protection.

5.8.2 The generator voltage regulation shall be as follows:

· No-load voltage adjustment:±10 % of rated voltage

· 0-100 % rated load:±5 % of nominal voltage

· Steady state regulation for constant load at any generator operating point:2 % of nominal voltage

· Transient variation on the sudden application or removal of rated load:10 % of nominal generator voltage

· Transient voltage recovery sec:±5 % nominal voltage within one (1)

5.9 Governor

5.9.1 The engine shall be equipped with Electro-Hydraulic Governor Actuator and a solid state Electronic Governor Control System complete with magnetic speed pickup for the load and speed.

5.9.2 The governor shall meet the following:

· Adjustable speed range:Not less than 20 %

· Steady state regulation:±1.5 %

· Maximum transient speed variation:±5 % at regulation 25 % load change ±10 % at 100 % load change

5.10 Control Panel

5.10.1 The diesel engine generator set shall be furnished with an IP31 free standing control panel complete with lockable hinged front access door that will be installed in air-conditioned substation.

5.10.2 The control panel shall consist of the following circuits:

1. Engine starting and control circuits

2. Metering, relaying and protection circuits

3. Alarm circuits

4. Space heater

5. Ready for loading signal (breaker closing signal)

6. Synchronizing scope, voltage and speed rise/lower manual handles

5.10.3 A solid-state annunciator with first out feature and audible alarm shall be installed on the control panel. The following conditions which shutdown the unit shall be annunciated:

1. Low lube oil pressure

2. High cooling water temperature (pre-alarm and shutdown))

3. Over speed

4. Over cranking (Start failure)

5. High exhaust temperature

6. Winding temperature; high / high-high, by RTD (pre-alarm and shutdown)

7. Emergency stop

8. Low fuel oil level (Alarm only)

9. Abnormal DC supply (consisting of input power loss & abnormal DC voltage, Alarm only)

10. Generator trip

5.10.4 The following, as minimum, micro-processor based integrated protection relay shall be provided:

· Generator phase sequence

· Over/Under voltage (27/59)

· Over/Under frequency (81 O/U)

· Reverse Power (kW) (32)

· Reverse Reactive Power (kVAr) (32RV)

· Overcurrent (50/51)

· Negative Phase Sequence Relay (46)

· Check Synchronizing Relay (25)

· Field Failure (loss of excitation) Relay (40)

· Machine Thermal Relay (49)

· Generator Differential Relay (87 G)

· Earth Fault Relay (64)

Manufacturer should provide further protection device for preventing the machine damage, if any.

5.10.5 The control panel shall include the following metering devices as minimum:

1. Watt meter

2. Power factor meter

3. Ampere meter with selector switch

4. Volt meter with selector switch

5. Frequency meter

6. Running-hour meter

5.10.6 The control panel shall have following equipment for the manual / automation synchronization with other power source.

1. Frequency meters, voltage meters and synchronizing check lamps for diesel engine generator bus and Normal supply bus with a synchronizing selector switch and a breaker closing switch

2. Synchronizing scope (the synchronizing check relay (25) will be provided by Contractor / Supplier in the switchgear)

3. Voltage Raise/Lower switch and Speed Raise/Lower switch.

5.10.7 The control panel shall have a provision for remote monitoring. Metering, status, alarms and shutdown signals shall be integrated into DCS via single serial communication link.

5.10.8 The available supply for the battery charger is 400V, 3-phase or 230V single-phase, 50Hz.

5.11 Wiring

5.11.1 All wiring internal to the skid shall be provided as pre-installed by Contractor / Supplier. Except for the power leads of generator, all wires for circuits which continue external to the skid shall be brought to a terminal box at the edge of the skid.

5.11.2 The skid shall have two (2) earth terminals for 70 mm2 earth wires. Earthing of motors and controls in the skid shall be made by Supplier. The generator shall have its neutral brought out separately. The generator control and synchronizing panel shall have a copper earthing bus with provision for earthing on both sides with 70 mm2 earth wire.

5.11.3 Wiring terminating on terminal blocks shall be identified both on the wiring and on the marking strips. All wires shall be permanently marked on both ends by means of wire sleeve markers. Adhesive wire labels are not acceptable.

5.12 Generator Set Installation

5.12.1 Enclosure

The generator set shall be provided complete with acoustic canopy and shall be installed a sheltered building. The enclosure for the generator set shall be designed against wind blown rain.

5.12.2 Noise Control

Enclosure shall limit the noise level below 85 dBA at 1 m distance.

6 ACCESSORIES

A complete set of accessories normally used for installation and commissioning of the specified equipment shall be furnished including:

1. Air intake system with air cleaner

2. Exhaust air duct and its supports

3. Fuel supply system with necessary piping and fittings

4. Exhaust gas silencer, piping/fitting and its anti-vibration supports

7 NAMEPLATES

7.1 Permanent nameplates inscribed with the equipment number and the function of operation as applicable shall be provided for each enclosure, switch, device, and functional item. All nameplates shall be made from acrylic resin materials, with engraved black letters on white background. Nameplates shall be provided for “future” and “spare” devices. All nameplates shall be affixed with stainless steel screws.

7.2 The generator and diesel engine rating nameplates shall be made of durable, corrosion resistant material, e.g. stainless steel.

8 FINISH

Finish of the specified equipment shall be made according to the manufacturer’s proven standard (subject to Company’s approval).

9 TEST AND INSPECTION

9.1 The complete package diesel-driven generator, together with the control console, shall be witness-tested under load as an integrated system to ensure performance requirements of paragraph 5.0 are met.

9.2 The following test and checks shall be performed as a minimum:

· Measurement of insulation resistance of generator stator and rotor windings.

· Oil flow, temperature and pressure measurement.

· Speed transient test.

· Testing of all control and protective devices and wiring

· Testing of all control and logic circuitry

· Lube oil and fuel system test

· Noise test

· Operate the completed generator package at ¼ load for 30 minutes; ½ load for 30 minutes; ¾

· load for 1 hour and full load test for 2 hours

· Manual voltage control and simulation of alarms and shutdown functions

· Simulated motor starting tests : Transient variation on the sudden application and removal of

· rated equivalent apparent load in KVA, however power factor 0.3 with and without 50% pre-load at power factor 0.8.

· Vibration measurement

· Fuel consumption measurement.

10 EQUIPMENT DATA

Manufacturer shall submit the following design data, as minimum.

1. Short circuit ratio with time constant

2. Direct axis synchronous, transient and sub-transient reactance with tie constant Saturated and

3. Un-Saturated.

4. Quadrature axis synchronous, transient and sub-transient reactance with time constant Saturated and

5. Un-Saturate.

6. Zero-Sequence reactance

7. Out-Put capability Diagram

8. Operation over-ranges of voltage and frequency
11 DOCUMENTATION

11.1 Language
Chinese and English language shall be used in all the documents and correspondence.
11.2 Documents
Manufacturer shall provide information, documentation and drawings, related to the supplied Diesel Engine Generator.
The documentation shall comprise at least:

· Diesel Engine Generator overall arrangements

· Project data sheet completed

· Foundation guide details if required

· Arrangement details of auxiliary equipment

· Layout of connection boxes

· Wiring and termination diagrams

· Operation and maintenance manuals

· Test report

Type examination certificates delivered by notified bodies
