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1 GENERAL
1.1 Description

This section covers the equipment requirements, of a 220 V D.C. system complete and suitable for satisfactory operation. 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 220 V D.C. system and associated equipment shall comply in all respects with the General Technical Requirements for electrical equipment as well as in the relevant Technical Schedule and Tender Drawings.

1.2 Scope of Supply

The goods and services to be performed by the Contractor shall comprise the manufacture, shop testing, packing, transport, insurance, unloading, training of the Beneficiary’s personnel and defect liability for the Facilities submission of documentation, inspection and replacement of any defective items of the commissioning tests and final acceptance test.

Obligatory requirement is that the each type of equipment shall be supplied from same manufacturer within this section.

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

The Bill of Quantities (B.O.Q.) is summarized in the following schedule:
	Item
	EQUIPMENT
	TS 220/110 kV

Vranje 4

	Cod
	
	pcs

	19001
	220 V Battery Units, Lead- Acid type, 420 Ah, 10 hours
	2

	19003
	220 V Battery Chargers, thyristor controlled, 100 (4x25) A rated output current
	2

	19004
	220V D.C. to 220V, 50 Hz Inverter (5x3000VA) with static bypass
	1

	19005
	220 V d.c. Modular Switchboard with microprocessor terminal for signalling and measuring
All as per drawing, 220 V d.c. System - Single Line Diagram
	1


2 EQUIPMENT REQUIREMENTS

2.1 General Design
220 V d.c. power supplies facilities shall be indoor type for floor mounting. 

The equipment, excluding batteries, shall be rated for 45 (C design ambient temperature. Batteries shall be rated for 20 ºC and shall be suitable for operation at an ambient temperature of up to 40ºC and 75% humidity. 

220 V d.c. Power Supply system shall comprise component parts described herein and be connected as detailed on the Technical Schedules.

The 220 V d.c. system shall  contain 2x100% rated duty stationary Lead-Acid Storage type battery units and two 100% rated duty float/boost charger units providing two entirely independent d.c. subsystems. Under normal conditions both float charges are operating to supply the specified d.c. load and at the same time automatically float charging the battery to keep it fully charged within the specified voltage limit for the correct operation of equipment.

It shall be possible to switch either charger or battery out of service leaving the other charger and battery to carry the full d.c. load requirement and at the same time the full battery float charge requirements. Manually operated and normally opened MCB shall be foreseen in between two d.c. busbar sections. 

220 V d.c. system shall be locally controlled, but remote and locally monitored.

All equipment, components and materials used in the manufacture of the charging unit shall be robust, heavy duty, industrial type and shall be new, unused, of current manufacture and of the highest quality free from defect or imperfection. Commercial type equipment will not be acceptable. The charging units shall be substantial enough or protected so as to perform the intended duty continuously and unattended and be able to withstand without damage or distortion those external forces and impacts associated with construction, operation and maintenance activities. 

The Contractor shall include within his bid for the supply all necessary battery room safety warning notices and other items of safety equipment.

All warning notices must be in Serbian language. 

The operation of all components excluding batteries used in the power supplies system shall be designed for a minimum 25 year life under the specified operating conditions.

The Contractor shall identify on the Technical Schedules the mean between failure  (MTBF) and the mean time to repair (MTTR) of each major subsystem component.

Anti-condensation heaters shall be provided within the panels, wired to a common terminal block and incoming isolator switch. The supply voltage will be as stated in the Technical Schedules.
The manufacturer shall provide adequate test facilities within the equipment backed up by comprehensive information in the maintenance manual on expected current and voltage levels, waveform, and other performance parameters to ensure that faulty sub-assemblies and components can be quickly identified.

The equipment shall meet the normal standards of electromagnetic compatibility (EMC) applicable to industrial environments. The following standards define acceptable levels:

· EN 50081-2 EMC emission standard: Part 2 Industrial environment EN 50082-2 EMC immunity standard: Part 2 Industrial environments

· EN 50091-2 Uninterruptible power systems: Part 2 EMC requirements

2.2 Batteries

Batteries should be stationary of lead acid type and shall be rated as shown in the relevant Technical Schedules.

Batteries shall be provided with all inter-cell connectors and cabling required. Links and cable lugs shall be nickel plated, high conductivity copper. 

The battery stands earth-quake protective type, shall be of the heavy duty epoxy coated metal and shall incorporate level adjusters to compensate for uneven floors.

Battery terminals shall be insulated. 

The flexible jumpers for cells connections shall be tinned copper with appropriate connection to battery terminals. The terminals connection and jumpers shall have a current withstand and capacity so as not to overheat and not exceed 0.02 volt drop per connection considering the one minute current discharge rate.

Each cell shall be numbered in increasing order. The marks must be clearly visible at all times.

The cell container shall be made for non-flame shock resistant and leak proof plastics.

2.3 Battery Chargers

The charger shall be front-access, floor mounting type and shall be of robust sheet steel construction with degree of protection as specified in the Technical Schedules. Unless stated otherwise in the technical schedules, all equipment within the panels requiring access for maintenance or removal shall be accessible from the front. 

Removable lifting lugs shall be provided and the equipment shall not distort during lifting and handling operations. The system shall also be suitable for base lifting. 

Battery chargers shall be of the constant voltage, current limiting type, with protection against reverse battery polarity and open circuit indication of the output. 

The output voltage shall be maintained within the limits specified in the Technical Schedules under all specified load and power supply variations including total isolation of the battery sets. 

Each charger shall be capable of supplying simultaneously the normal equipment load,  plus the float charging duty for its associated battery. 

The rectifier shall consist of appropriate number of modules, for batteries 420 Ah 4 modules of 25 A and for redundancy 2 module more.. 

Since dual charger systems are required, each charger shall be rated for 100% duty. 

Selection of the boost charge shall be manual and the period controlled automatically by a present timing switch. Each boost charger will be such that recharging the whole battery from the discharge condition to 100% of fully charged capacity does not exceed 8 hours. The control of the boost charge condition shall be such that the charging rate is reduced as the battery approaches full charge to avoid excessive gassing. 

Two modes of battery charging must be foreseen. Boost charging must be allowed on-line and with voltage up to 2.40 Volts per cell. Drop diodes should be used on charger output to maintain voltage within the limits specified in the Technical Schedules. Deep boost charging with voltage up to 2.65 Volts per/cell must be foreseen for off – line mode i.e. with disconnected load. 
The d.c. output of each charger unit shall remain within ±5 % under any of the following conditions:

a) System frequency 
± 5 %;

b) Rated voltage input 
+ 10– 15 %;

c) Output between 
5 - 100 % of rated output.

The chargers shall be equipped with automatic current limiting devices to make them short-circuit proof. Current limitation shall be at 120% of rated output current. Each charger shall be designed to carry 120% of rated output current for an indefinite time.

The charger shall be equipped with fuses, protective devices, indication instruments, switches, lamps and other necessary equipment. 

Rectifier transformers shall be of the air cooled type, rated in accordance with the requirements of the Schedules and comply with IEC standard, as appropriate. 

Rectifier transformers shall be double wound to prevent galvanic connection between the d.c. and a.c. systems. They shall be capable of withstanding the “let through” energy of the fuse controlling the a.c. supply to the transformer.

The chargers shall be designed to minimise in-rush current at switch on. 

2.4 Inverter

The inverter shall be front-access, floor mounting type and shall be of robust sheet steel construction with degree of protection as specified in the Technical Schedules. Unless stated otherwise in the technical schedules, all equipment within the panels requiring access for maintenance or removal shall be accessible from the front. 

Removable lifting lugs shall be provided and the equipment shall not distort during lifting and handling operations. The system shall also be suitable for base lifting. 

Inverter shall be of the constant voltage, current limiting type, with protection against reverse battery polarity and delivered with static switch.

The output voltage shall be maintained within the limits specified in the Technical Schedules under all specified load and D.C. supply variations.

Each inverter shall be capable of supplying simultaneously the normal equipment load,. Power supplying of the inverter shell be provided from both batteries. (from system A or system B)

The inverter shall consist of modules, for supply consumption of 15.000VA (5x 3000VA 
In case of failure, static switch provides load switch on network automatically, without brake.
The a.c. output of inverter unit shall remain within ±3 % and frequency within +/- 0.01 Hz, under any of the following conditions:

Rated voltage input 
190V d.c.– 265Vd.c.
Overload
20%

The Inverter shall be equipped with automatic current limiting devices to make them short-circuit proof. Current limitation shall be at 120% of rated output current. Each inverter shall be designed to carry 120% of rated output current for an indefinite time.

The inverter shall be equipped with fuses, protective devices, indication instruments, switches, lamps and other necessary equipment. 

Inverter modules shall be of the air cooled type, rated in accordance with the requirements of the Schedules and comply with IEC standard, as appropriate. 

2.5 Main D.C. switchboard and Miniature Circuit Breakers

The switchboard shall comply with IEC 60439 and other relevant IEC Standards if not otherwise stated. It shall be as stated in Technical Schedule and Single Line Diagrams, attached with tender drawings.

Design of the main D.C. switchboard shall be submitted to the Employer on approval before manufacture.

Main D.C. switchboard shall comprise of two cubicles, one for system A and other for system B. Each system shall have its own busbars and their coupling shall be enabled with line CB in one of cubicles. Line CB shall be manually operated from the front panel of the cubicle. In each cubicle shall be located respective withdrawable MCBs.

Microprocessor terminal for signalling and metering shall be located in one of cubicles.

On the front of the switchboard mimic diagram shall be mounted as per item 2.5. 

All cable entries shall be from the bottom side.

Isolating devices shall be provided in accordance with the relevant Single Line Diagram.

Equipment and components shall be arranged in compartments, so that discreet parts of the system can be isolated and made safe for maintenance work to be carried out with the remainder of the apparatus in service. 

Where cables pass through compartments they shall be so enclosed as to prevent the possibility of contact / damage occurring during maintenance or repair.

The MCB's shall be withdrawable two pole and each shall have overload and short circuit protection. They all should have auxiliary contact to provide information when protective element is tripped.

Selectivity between MCCBs in main D.C. switchboard and MCBs in distribution boards in relay buildings shall be achieved by means of different tripping times of mentioned MCBs. MCCBs in main D.C. switchboard shall have tripping time between 40 and 50 ms and MCBs in distribution boards in relay buildings shall have tripping time 10 ms.

2.6 Control, signaling and metering equipment

Microprocessor device, hierarchically linked with central substation control unit, is required for auxiliary D.C. monitoring. Physical location of this device shall be inside D.C. switchboard.
At the front panel of the D.C. switchboard, on appropriate instruments the following local metering shall be provided:

· Busbar A and B voltages, pole to earth voltages for each battery.

A “lamp test” facility shall be provided on each charger to enable testing of all indicating lamps. 

2.7 Wiring, Cabling and Earthing

All switchboard internal wiring shall be carried out using insulated stranded copper of not less than 2.5 mm2 cross-section and having an insulation type of reduced fire propagation qualities.

The internal wires and cables shall be run in trunking.
A.c. circuit wiring shall be segregated from d.c. circuit wiring.
All terminals on door mounted equipment shall be shrouded or fitted with insulating sleeves.

Terminal blocks shall be arranged and positioned to afford easy access for the terminating of external cables. Terminals for control cables shall be suitable for terminating cores of up to 2.5 mm2 in size.
All terminals shall be clearly marked and identified.
The equipment shall be provided with a main copper earthing bar, with a brass stud suitable for 35 mm2 conductor at each end for external connections to the protective earth system.
Earth wiring shall be green/yellow striped.
Doors shall be bonded to the main panel steelwork by insulated and sleeved flexible copper connections of not less than 4 mm2.
3 SPECIAL EQUIPMENT AND TOOLS

Special equipment and tools shall be supplied for maintenance and operation of the 220 V d.c. service 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. 

A set of special equipment and tools shall include but shall not necessarily be limited to the following:

· Electrolyte topping up apparatus which comprises distilled pressurized water container and hand operated battery filling pistol with electronic water level sensing circuit and audible warning device which operates when correct electrolyte level is reached.

· Portable digital batery cell analizer (conductometer) suitable for checking the condition of batteries in the range of 30 Ah - 450 Ah.
· Portable tool box shall comprise a voltmeter 0 to 3 volt (centre-zero), hydrometer, insulated box spanners for terminal nuts, thermometer, digital aerometer etc.

· All protective tools for safe work with electrolyte (rubber gloves, plastic spectacles, etc.)

· MPC, discharger, battery cell analizer system 220V, 100A. Necessary for automatic discharging and analizing cells during discharging in graphic and pc mode.

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 Technical Schedule.

Materials for operation and maintenance to be delivered by the Contractor are listed in the relevant Schedule.

Any additional spare part recommended by the Contractor shall be listed in the relevant Schedule.
5 INSTALLATION REQUIREMENTS

In accordance with General Technical Requirements, the Contractor shall furnish all specified equipment and accessories.
6 PACKING, SHIPPING AND TRANSPORT

Packing and shipment shall be arranged according to requirements stated in General Technical Requirements.

All parts shall be carefully packed for transport in such a manner that they are protected against mechanical injury and injurious effect of water and climatic conditions encountered during transit to their destination, as well as during long storage before erection.

The Contractor shall prepare and submit to the approval of the Purchaser drawings and complete instructions about the means and methods to be used for the installing and removing of heavy equipment.

7 INSPECTION AND TESTS

7.1 General

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

Testing shall comply with General Technical Requirements. All tests on material and equipment shall be made in accordance with IEC standards if not otherwise agreed by the Purchaser. 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 Purchaser for the approval.

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

The maximum ambient temperature of 45ºC has the following important effect:

High temperature operation tests shall be performed at 45ºC.

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 purchasers stores all items of equipment shall be inspected, tested and all defective items replaced.

The Contractor – shall thoroughly dry all equipment that may absorb humidity during installation, before the tests.

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

7.2 Workshop Test

7.2.1 
Type Test

If type test certificate is not available 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:

1. Testing of breaking and making capacity of circuit breaker, switches and fuses (breaking capacity);

2. Testing of current-time characteristics of protective releases on circuit breakers, switches and of fuses;

3. Temperature rise test(s).

4. Batteries

· 
Verification of proper and complete erection of the batteries;

· 
Checking of inter-cell connections;

· First filling with electrolyte and initial charging;

· Checking of electrolyte level and density;

· 
Checking of voltage of each cell after the charging;

· Measuring of the insulation resistance to earth;

· Charge and discharge tests.

· Short-circuit test under the factory rules.

5. Chargers

· Verification of proper and complete erection of chargers;

· Verification of proper a.c. supply voltage, all connections;

· Measuring of insulation resistance to earth and input-output insulation;

· Checking of operation of chargers in each mode;

· Checking of control, signaling and tripping circuits;

· Checking MCU parameters and trublle shuting set on.

· Input and Load-voltage characteristics.

6. Inverters

· Verification of proper and complete erection of inverters

· Verification of proper a.c. supply voltage, all connections

·  Measuring of insulation resistance to earth and input-output insulation

·  Checking of control, signaling and tripping circuits

· Checking MCU parameters, and trublle shuting set on

·  Input and Load-voltage characteristics.

7.2.2 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.

The following routine tests shall be performed:

1. Visual checking of all the equipment to verify conformity with the specifications;

2. Power frequency withstand voltage test for all d.c. equipment with 1500 V, 1 min;

3. Electrical test of charging rectifier to check the automatic current limitation, trickle and boost charging, ripple and manual control;

4. Operational test.

7.2.3 Site Tests
7.2.3.1 General

On arrival at purchasers 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 Purchaser supervised by the supplier after delivery of the  equipment at the stores or site as directed by the Purchaser  and the Inspection certificate  will be issued on the satisfaction of the Purchaser 

2. Where the Inspection tests shall be conducted by the Purchaser 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 Purchaser will inform the supplier of the inspection test methodology and test results for his endorsement

3. Commissioning tests conducted by the purchaser and witnessed and endorsed by the supplier on site representative.

4. Final Acceptance tests conducted by the purchaser that the supplier will endorse the methodology and test results.

7.2.3.2 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 during and after completion of erection on all equipment:

1. Batteries

· Verification of proper and complete erection of the batteries;

· Checking of inter-cell connections;

· Checking of electrolyte level and density;

· Checking of voltage of each cell after the charging;

· Measuring of the insulation resistance to earth;

· Charge and discharge tests.

2. Chargers

· Verification of proper and complete erection of chargers;

· Verification of proper a.c. supply voltage, all connections;

· Measuring of insulation resistance to earth;

· Checking of operation of chargers in each mode;

· Checking of control, signaling and tripping circuits;

· Load-voltage characteristics.

3. Inverters

· Verification of proper and complete erection of inverters

· Verification of proper a.c. supply voltage, all connections

·  Measuring of insulation resistance to earth and input-output insulation

· Checking of control, signaling and tripping circuits

· Cheking MCU parameters, and trublle shuting set on

· Input and Load-voltage characteristics.

4. d.c. switchboard

· Verification of proper and complete erection;

· Checking of all connections;

· Checking of labeling of the cubicles, fuses, circuit breakers, etc.;

· Measuring of insulation resistance;

· Operation checking of different elements such as contactors, relays, circuit breakers, signaling devices, etc.

7.2.3.3 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 the Purchaser. The test methodology and test results shall be endorsed by the Supplier

The Purchaser shall perform the following commissioning tests on the d.c. Switchgears:

1. Insulation resistance measuring by a 2500 V instrument;

2. Operation test on “Open – Close” mechanism, manual and electro/mechanical

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

4. Voltage test on all L.V. circuits

5. Checking of contacts for protection against maloperation (interlocks checks),

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.

7.2.3.4 Final acceptance Test

The Final acceptance Test operation shall be carried out by the Purchaser 

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

Works to be done under this section include training of the  Purchaser’s personnel to operate and maintain LV service equipment efficiently and safely.

Supplier should offer training plan for Purchaser’s personal for all delivered substation subsystems. Training programme, range and other details related to the training course is subject to Purchaser’s approval plan.

The training must be on sufficient level to enable Purchaser’s personnel to install, be fully conversant with, commission, use and maintain subject subsystem on their own and the Supplier will issue appropriate certificates for all the attendants.
8 TRAINING

Works to be done under this section include training of the Purchaser’s personnel to operate and maintain 220V DC service equipment efficiently and safely.

Supplier should offer training plan for Purchaser’s personal for all delivered substation subsystems. Training programme, range and other details related to the training course is subject to Purchaser’s approval plan.

The training must be on sufficient level to enable Purchaser’s personnel to install, be fully conversant with, commission, use and maintain subject subsystem on their own and the Supplier will issue appropriate certificates for all the attendants.

9 DOCUMENTATION

The following documentation prepared according General Technical Requirements, 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 according to General Technical Requirements, shall be submitted before training:

1. Operating instructions

2. Maintenance instructions 

3. Installation instruction
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