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1 GENERAL
1.1 Description
This specification presents the technical requirements for the Fibre Optic and Multiplex Equipment and Fibre Optic Patch cords to be used in the Vrnje 4 and Vrnje1, substations telecommunication systems.

The following types of Fibre Optic Cables and equipment shall be used:

a) Fibre optic ducted cables (FD)

b) Fibre optic patch-cords (FP)

c) Optical Distribution Frame (ODF’s) with connectors

The following types of fibre optic multiplex equipment shall be used:

a) Configurable SDH multiplex equipment

b) Configurable PDH multiplex equipment (flexible multiplex equipment – FMUX).

Block diagram of optical equipment and the block diagram of equipment’s disposition are shown in Tender drawings,. The Tender Drawings do not define the design of the equipment, but are intended to show the general layout and principle diagrams.
1.2 Scope of Supply 

The works and services to be performed by the Contractor shall comprise the design, manufacture, shop testing, packing, transport, insurance, unloading, the replacement of any defective items located, installation of software, setting and configuring of equipment, submission of documentation, training of the Beneficiary’s personnel and supervision of the commissioning tests.

The Contractor is bound to provide complete functionality and performances of the equipment even if some requirements are not specifically mentioned in the following description.

The scope of works is summarized as follows:

· Delivery for Fibre optic ducted cables (FD) to be located in substations (Table 1.1).

· Delivery for fibre optic patch cords to be located in substations (Table 1.1).

· Delivery for Optical Distribution Frame (ODF’s) to be located in substations (Table 1.1).

· Delivery for SDH multiplex equipment to be located in substations (Table 1.1).

· Delivery for PDH multiplex equipment (flexible multiplex equipment – FMUX) (Table 1.1

· Delivery for software support (programs) for realization of functional characteristics of the multiplex equipment

Table 1.1 Estimated quantities for the optical cables, optical equipment and multiplex equipment

	Item
	Description
	Vrnje 4
	Vrnje1
	TOTAL

	1. 
	Fibre optic ducted cable with 48 FO
	Set 2
	0
	2

	2. 
	Fibre optic ducted cable with 24 FO
	Set 4
	0
	4

	3. 
	Patch cord with optical connectors.
	18
	18
	36

	4. 
	Optical distributor with 48x4 connectors E2000/APC
	1
	0
	1

	5. 
	Optical distributor with 24x2connectors
	4
	0
	4

	6. 
	SDH multiplex equipment (chassis) with protected matrix and power supply modules and with following interfaces (per chassis):
	1
	1
	2

	7. 
	- STM –16 optical line interface module L-16.2
	4
	3
	7

	8. 
	- STM – 1 optical line interface module L-1.2
	2
	1
	3

	9. 
	- Ethernet module Fast/Gigabit Ethernet
	3
	2
	5

	10. 
	- Tributary 2Mbps balanced interface
	68
	44
	112

	11. 
	PDH multiplex equipment (chassis) with protected matrix and power supply modules and with following interfaces (per chassis):
	1
	1
	2

	12. 
	a) 2 Mbps G.703 interface
	6
	6
	12

	13. 
	b) Analogue 2/4 wire + E&M interface
	4
	2
	6

	14. 
	c) Analogue remote subscriber interface
	5
	3
	8

	15. 
	d) Analogue exchange interface
	5
	3
	8

	16. 
	e) RS-232 (V.24/V.28) data interface
	6
	5
	11

	17. 
	Licensed software (programs) for realization of all functional characteristics of the multiplex equipment.
	1
	1
	2

	18. 
	Standing ETSI rack cabinet
	1
	1
	2

	10
	Special equipment and tools-for optical and multiplex equipment
	1
	0
	1


Table 1.2  Quantities of materials for operation and maintenance for the optical cables, optical equipment and multiplex equipment

	Item
	Description
	Vrnje 4

	1.
	Fibre optic ducted cable with 48 FO
	1

	2.
	Fibre optic ducted cable with 24 FO
	1

	3
	Optical distributor with 48 connectors
	1

	4
	Optical distributor with 24 connectors
	1

	5
	SDH multiplex equipment (chassis) with protected matrix and power supply modules and with following interfaces (per chassis):
	1

	
	- STM –16 optical line card with two interface module L-16.2
	1

	
	- STM – 1 optical line card with one interface module L-1.2
	1

	
	- Ethernet card with Fast/Gigabit Ethernet module
	1

	
	- Tributary 2Mbps balanced interface card
	1

	6
	PDH multiplex equipment (chassis) with protected matrix and power supply modules and with following interfaces (per chassis):
	1

	
	a) 2 Mbps G.703 interface card
	1

	
	b) Analogue 2/4 wire + E&M interface card
	1

	
	c) Analogue remote subscriber interface card
	1

	
	d) Analogue exchange interface card
	1

	
	e) RS-232 (V.24/V.28) data interface card
	1

	7
	Licensed software (programs) for realization of all functional characteristics of the multiplex equipment.
	


The average length of fibre optic ducted cable is 900 m.

Equipment shall be mounted in ETSI rack cabinet systems with transparent door and removable side panels.

On the O/H lines between any substations is installed new OPGW. OPGW have 48 fibers totally i.e.:

· 24 Single mode fibres according to ITU-T G.652D
· 24 Single mode fibres according to ITU-T G.655D
SDH and FMUX equipment specified in table 1.1 for:

1. Vrnje 4 will be used for link S/S Vrnje 4 – S/S Leskovac 2, S/S Vrnje 4 – Vranje 1 ,S/S Vranje 4-S/S Vranje2, S/S Vranje 4 –S/SSkoplje, S/S Vranje 4 EVP Ristovac, S/S Vranje 4 – s/s Vladicin Han and S/S Vranje 4-S/S Trgoviste/or Bujanovac 1.

2. Vranje 1 will be used for link S/S Vranje1-S/S Vranje4 and S/S Vranje 1-EPP Vrla3.

The delivered equipment shall be compatible, in terms of services, with existing telecommunication system in which will operate.

The Contractor shall deliver TNM system; which will consist of all necessary software and hardware needed for management all delivered equipment (SDH and FMUX). System shall have redundancy: two subsystems who will work in parallel. One shall be main, who is in working state and the other shall be backup, who is in hot standby state and shall automatically take the full load when main is in failure. The backup system shall have updated NMS database with automatically replication from the main system. The backup system should be on geographically different site than main. The TNM system shall be incorporated into existing system using at least umbrella system. If it is impossible, the supplier shall deliver at least umbrella system, and integrate all existing TNM systems into it.
The Tender shall include the following special equipment and tools:
· E1/Datacom and Ethernet  tester; should be convenient for field service

· Notebook computer for equipment programming.

· Two Optical test sets, each consisting of: optical laser source, optical power meter, and live fibre identifier.
· Two Optical inspection tool sets, each consisting of: microscope probe with display, visual fault locator and two optical connectors cleaning kits.

· Optical network test platform for dispersion measurement.

Contractor shall recommend spare parts which he considers necessary. Mandatory special equipment and tools are listed in schedule No 1 and No 2, and in technical schedule code 14340, 14345 and 14346. The final list of spare recommended parts will be approved by Engineer/Beneficiary. In addition to specified special equipment and tools, the Contractor shall recommend special equipment and tools including test instruments which he considers necessary for the proper maintenance of Multiplex Equipment. These tools and test instruments shall be quoted in the Price Schedule.
Obligatory requirement is that the same Contractor shall supply all equipment inside specified Lot.

1.3 Terminal Points

This Clause defines the terminal points between the works and services to be performed under this Contract.

The terminal points shall be as follows:

· Optical distributor for fibre optic cables

· Connection points on input/output of channel units of multiplex equipment shall be terminal points for connection of this equipment to cable longitudinal protection equipment in the substations.

· Earthing system in the substations.

· Equipment rooms in the substations.

· Telemetry distribution board (TDB) in the substations.

· Power supply of fibre optic and multiplex equipment in the substations 

1.4 Technical data

The fibre optic cables and equipment to be supplied shall have the following main features:

· Ducted cables shall be metal free construction; the underground cable shall be strengthened, reinforced and sheathed to offer protection, rendering it suitable for trench installation.

· Single mode optical fibres according to ITU–T Rec. G.652D and ITU-T Rec 655D. The fibre shall be suitable for transmission of information at ITU-T recommended rates.

· Operation at wavelength 1310 or 1550nm. The fibre shall have dual operating windows at 1310 nm and 1550 nm and shall be equipped for operation at 1310 and 1550nm wavelength.

· Loose buffered secondary coating.

· Digital optical line equipment shall be according to ITU-T Rec. ITU-T G.703, G.704, G.706 G.825, G.826, G.707, G.957, G.829, G.783, G.841, G.691

The multiplex equipment to be supplied shall have the following main properties:

· STM –16 optical line interfaces in accordance with ITU-T Rec. G.707, G.957, G.691, G.959.1

· STM –1 optical line interfaces in accordance with ITU-T Rec. G.707, G.957

· Primary multiplex operation at 2048 kbps in accordance with ITU-T Rec. G.703, G.704.

· Coding of voice frequencies in accordance with ITU-T Rec. G.711.

· Jitter and wander properties in accordance with ITU-T Rec. G.823. G.825

· Service interface in accordance with ITU-T Rec. V.24/V.28.

· Data transmission asynchronous interface in accordance with ITU-T Rec. V.24/V.28.

2 EQUIPMENT REQUIREMENTS

2.1 Fibre Optic Ducted Cables

Fibre optic ducted cable should be non-metallic with single-mode fibres. It will be installed between OPGW cable on HV line and optical distributors in the telecommunication room in SS Vranje1 and Vranje 4. The metal-free cable shall be strengthened, reinforced and sheathed to offer protection including anti rodent protection, rendering it suitable for trench installation in duct tubes. 

The fibres in optic ducted cables shall have the following transmission characteristics:

· Fibre Type ITU-T G.652

i. Operational wavelength shall be 1310 or 1550 nm.

ii. Maximum optical attenuation shall be as follows:

· at 1310 nm 0.35 dB/km

· at 1550 nm 0.22 dB/km

iii. Maximum chromatic dispersion coefficients shall be as follows:

· at 1288 nm – 1339 nm 3.5 ps/nm·km

· at 1550 nm 18 ps/nm·km

iv. Zero dispersion shall be attained in the wavelength range from 1300 nm to 1324 nm.

v. Cutoff wavelength (cabled fibres) shall be maximum 1260 nm.

vi. The optical fibre shall be made of pure silica glass. The mode field diameter at 1310nm shall be 8.6-9.5 µm with tolerance ±0.7 µm.

vii. Maximum attenuation loss variation at temperature range of -40°C to + 80°C shall be +0.05 dB/km.

viii. Cladding diameter shall be 125 µm with tolerance + 1 µm.

ix. Cladding non-circularity should be maximum 2 %.

x. Primary coating material shall be minimum double shielded.

xi. Diameter over primary coating shall be 250 µm with tolerance + 15 µm.

xii. Polarization mode dispersion of cabled fibres shall be less than 0.2 ps//√km.

The fibres in optic ducted cables shall have the following mechanical characteristics:

a) The tensile strength of the cable shall be such that a nominal pulling tension of 1000 N shall cause no temporary or permanent optical degradation or mechanical cable damage, for optical cables for blowing-in, and 3000-5000 N for optical cables for mechanical pulling in.

b) The permissible bending radius of the cable shall be recommended by the Contractor.

c) The strength member of the fibre optic cable shall provide protection against buckling, kinking and strain. The material to be used shall be fibre reinforced plastic.

d) The outer jacket shall be made of Polyethylene. Nominal thickness of the outer jacket shall be 1.5 mm. Contractor may propose a thicker jacket, if necessary. 

e) The anti- rodent protection shall be made of rigid plastics over the outer cable jacket.

f) The jackets for all the cables shall be durably marked at intervals not exceeding one meter.

2.2 Fibre Optic Patch cords

Equipment cables and cross connecting cables shall be single fibre installation cables consisting of one tightly secondary coated fibre (tight buffer), strength element and PVC-sheath in accordance with IEC 189-1 and IEC 304.

The maximum outer diameter of the cable should be 3,0 mm and the nominal thickness of the sheath shall be not less than 1.4 mm.

The sheath of the cable shall be durable PVC-plastic and in accordance with IEC 189-1. The mean value of the thickness shall be not less than 1,4 mm and any individual value shall be not less than 1,0 mm.

The cables shall withstand following installation properties:

· tensile strength 100 N

· minimum allowed bending radius 40 mm.

The fibers shall meet the geometrical, optical and transmission requirements of the ITU-T Recommendation G.652.

The fibers shall have tight secondary coating (tight buffer).
2.3 Optical Distributor with connectors

The optical Distributor with connectors for fibre optic ducted cables shall have the following characteristics:

a) The fibre optic cable gland shall accept metal free optical cable with min 48 single mode fibres and loose buffered construction.

b) The optical distribution frame (patch-pannel) shall accept 48 metal free optical patch cords with singlemode fibre and connected pigtails.

c) Maximum optical attenuation shall be 0.1 dB per splice.
d) The housing of the box shall be standing type, tamper-proof sealed and of rugged construction.
e) The optical connectors shall be E 2000/APC type.

2.4 Configurable SDH Multiplex Equipment

a) There shall be one type of SDH multiplexers which shall consist of only one shelf, without extension shelves.
b) Optical interfaces STM –16 in accordance with ITU-T Rec. G.707, G.708, G.709, G.957, G.958 with following characteristics:

· 
Bit rate


2 488 320 kbps

· 
Code binary

NRZ

c) Optical interfaces STM –1 in accordance with ITU-T Rec. G.707, G.708, G.709, G.957, G.958 with following characteristics:

· 
Bit rate

155 520 kbps

· 
Code binary

NRZ

d) Configurable to operate as terminal multiplexer, add/drop multiplexer or cross-connect equipment.

e) 63x2 Mbps tributary access 

f) Optical wavelength shall be 1550 nm.

g) Laser diode optical source component. The optical line interfaces for all SDH multiplex equipment in all substations should be L-16.2 or L-1.2 type. 

h) Spectral half-powered width of source diode less than 5 nm

i) Net budget for a regeneration section, including 3 dB margins shall be 28 dB @ 10-10.

j) Maximum permissible dispersion for a regenerator section shall be 3.6 ps/(nm*km)

k) The SDH equipment shall have service interface for telecommunication management system and for local craft terminal

l) The redundancy for SDH multiplexer shall be 1+1 for cross-connect matrix, power supply and for system controller card

m) SDH multiplexer shall use OSPF protocol for routing TNM traffic 

2.5 PDH multiplex equipment

The flexible multiplex equipment shall have the following properties:

a) G.703 interfaces with bit rate 2048 kbps ± 50 ppm.

b) Flexible channel capacity of voice grade channels.
c) Nominal impedance 120 Ω balanced at 2 Mbps side.
d) HDB3 code according to ITU-T Rec. G.703.
e) Each of time slots 0-30 (31) shall have the possibility to be cross-connected with any physical port or other time slot within any 2048 kbps signal. 

f) Service interface – serial or Ethernet for LCT and Ethernet for TNMS.
g) All functions shall be configurable through TNMS.
h) The equipment shall have possibility to be equipped with following types of channel units:

· Analogue 2/4 wire + E&M interface.
· Analogue remote subscriber interface.
· Analogue exchange interface.
· RS-232 (V.24/V.28) data interface.
· The redundancy for Digital Branching Equipment shall be 1+1 for cross-connect matrix and for power supply

2.6 TNMS equipment

TNM system shall have, at least, following features:

a) Possibility to configure all functions of NE’s.
b) Multi-user distributed system with at least three different levels of access.
c) Path setup and deleting.
d) Advanced graphical user interface – graphical presentation of network.
e) Backup features – automatically backup on defined periods of time or size of files: TNM database, equipment configuration file and all log files. Backup should be on hard drive and permanent external medium (e.g. DVD). There shall be possibility that back upped items from active log files to be automatically deleted.
f) Fault management and log.
g) Performance management and reports.
h) English language.
i) Possibility to have, at least, 10 users logged on simultaneously with activity log.
j) System shall have redundancy: two subsystems who will work in parallel. One shall be main, who is in working state and the other shall be backup, who is in hot standby state and shall automatically take the full load when main is in failure. The backup system shall have updated NMS database with automatically replication from the main system. Period of replication shall be configurable. The backup system should be on geographically different site than main.
k) The TNM system shall be incorporated into existing system. If it is      impossible, the supplier shall deliver at least umbrella system, and integrate all existing TNM systems into it.

3 SPECIAL EQUIPMENT AND TOOLS
Special equipment and tools, convenient for field service, shall include:

1. E1/Datacom and Ethernet tester; 

2. Two Optical test sets, each consisting of: 




- optical laser source, 




- optical power meter, 




- live fibre identifier
3. Two Optical inspection tool sets, each consisting of: 




- microscope probe with display, 




- visual fault locator 




- two optical connectors cleaning kits.

4. Optical network test platform for dispersion measurement.
5. Notebook computer for equipment programming.
As listed in Clause 1.2 of this Subsection.

4 MATERIALS FOR OPERATION AND MAINTENANCE
Materials for operation and maintenance shall include the items listed in Clause 1.2 of this Subsection, table 1.2.

The Contractor shall guarantee the availability of spare parts for a 15-year period following withdrawal of the product from the market. Should the product be withdrawn from the market, the Contractor shall provide immediate written notification to the Engineer/Beneficiary so that the Engineer/Beneficiary may determine his spare parts requirements.
5 IMPLEMENTATION REQUIREMENTS

5.1 Scope of the Implementation

The Beneficiary intents to implement the system as follows:

· The Contractor shall organize the Training of Beneficiary’s personnel in order that the personnel shall be competent to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment. There shall be special part of training which will cover the advanced topics of supervision and administration of TNMS. The Contractor will certificate these personnel according to training they attend. 

· The Contractor will customize the software required, install the software and configure the equipment. The functionality and performances of the equipment will be checked during the Factory acceptance test,
· The Beneficiary’s personnel under the supervision of the Contractor’s representative will carry out the Commissioning Test.
5.2 Requirements for the Implementation

The site implementation will be in Beneficiary’s responsibility.

The Contractor is responsible to prepare all documents showing the schedule of installing all the equipment, electrical conduits to the terminal points prior to the beginning of the installation.
6 PACKING, SHIPPING AND TRANSPORT

Packing, shipping and transport shall be arranged according to General Technical Requirements. In addition to those requirements, the following shall apply: 

· All equipment shall be carefully packed for transport in such manner that it is protected against mechanical damage and the injurious effect of water and climatic conditions encountered during transit to their destination, as well as during long storage before erection.

· All openings for components which have been removed during transport shall be covered by blanking-off plates.

· The Contractor shall undertake the transportation of the equipment to the site.

7 PERFORMANCE DATA AND REJECTION

The Equipment shall comply with the following requirements:

a) Reliability 

· MTBF – 20 years

· for fibre optic cable – number of failures during one year exploitation – 1 on 1000 km.

b) Availability >99.995%

c) Electromagnetic compatibility and insulation shall comply with requirements for emission and immunity EN 61000-6-2:2007, EN 61000-6-4:2007 and EN 61000-6-5:2001.
d) Electrical safety shall comply with the safety requirements according to IEC 60950.

e) Seismic conditions – fibre optic and multiplex equipment shall be designed to resist earthquake loadings resulting from accelerations specified in Part I – General Technical Requirements.

Ambient conditions for normal operation

· Climatic conditions shall comply with IEC requirements
· Temperature range
 -5°C to 45°C
· -20°C to 50°C (for fibre optic cable)

· Relative humidity
< 90%(35°C)

8 INSPECTION AND TESTS

8.1 General

Concerning general test requirements, the following shall apply: 

· Testing procedures and time schedules shall be specified by the Contractor and shall be subjected to approval of the Engineer/Beneficiary.

· Tests shall be carried out in order to determine whether the material and apparatus comply with the Technical Specifications. All tests shall be arranged to represent the working conditions as closely as possible. All test results shall be subject to the approval of Engineer/Beneficiary.

· All tests on the equipment both at the Manufacturer’s factory and after completion of erection at site shall be made in accordance with IEC recommendations if not otherwise agreed by the Engineer/Beneficiary. If the IEC recommendations are not available for the particular shop tests, the scope, standards and methods applied shall be specified by the Contractor and will be subject to the approval of the Engineer/Beneficiary.

· Any additional shop tests as may be needed to confirm guaranteed data or to ensure the completeness and safety of the equipment may be ordered by the Engineer/Beneficiary.

· The Contractor shall provide appropriate standard instruments and other measuring equipment necessary to carry out the site tests.

· A written notice of the time and place of all shop tests shall be given to the Engineer/Beneficiary at least 4 (four) weeks in advance, so that he may be present if he so desires. The Contractor’s records of all tests shall be furnished to the Engineer/Beneficiary immediately on completion of each test.

· Following the tests at site, the Contractor shall, at his own expense and within the terms of Contract, rectify any defect and replace any defective part, as directed by and to the satisfaction of the Engineer/Beneficiary.

8.2 Workshop Tests

8.2.1 Type Tests

The type tests shall be carried out on one complete item of each kind of equipment at the Contractor’s works in accordance with the latest revision of the relevant IEC and EN Standards except where otherwise specified. The test result shall be submitted to the Engineer/Beneficiary for his consideration and his approval immediately after completion of tests.

The type tests completed by relevant international institutions are acceptable.

8.2.2 Factory Acceptance Test

The Factory Acceptance Test shall be carried out in the presence of the Engineer/Beneficiary’s personnel on all the equipment to be supplied in accordance with the requirements set out in the relevant IEC Publications. The test results shall be submitted to the Engineer/Beneficiary for consideration immediately after completion of tests.

Testing procedures and time schedules shall be specified by the Contractor and shall be subjected to approval of the Engineer/Beneficiary. Tests should be organized in a manner that all aspects in Technical Data Schedule should be verified.

The following Factory Acceptance Test shall be performed:

a) Visual check of the equipment to verify conformity with the Specifications;

b) Hardware Diagnostic test

c) Verification of the equipment functionality

d) Verification of the equipment performances

Those tests must include:

· Equipment start test;

· Simulation of real working conditions;

· Verification of proper voltage variation range,

· Diagnostics, performances, functionality, etc;

· Verification of other performances of multiplex equipment;

· Software downloading and configuration of the equipment,

· Burn in test;

· Equipment start test after mains failure;

· Verification of equipment operation in a case of allowable voltage variation.

The equipment to be delivered to Beneficiary shall have successfully completed the Factory Acceptance Test and the test results approved by Engineer/Beneficiary.

This test is performed to verify the performance of the system. FAT should be derived in conditions close to specific Project Site location (setup & configuration trough training).
8.3 Site Tests

8.3.1 General

On arrival and at completion of assembly, all items of equipment shall be inspected and tested in order to check quality and being free from damage by the Contractor. The Contractor shall endorse all site tests results submitted by the Engineer/Beneficiary during installation and the Contractor’s representative shall attend commissioning and final acceptance tests to endorse the procedure and the results. The site tests are subdivided into three stages:

1. Inspection Tests made by Engineer/Beneficiary after delivery of the equipment to stores or site as directed by the Engineer/Beneficiary. 

2. Where appropriate 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.

8.3.2 Tests During and After Completion of Erection

In order to ensure correct installation of the equipment as well to prove that the equipment has been correctly installed, following tests shall be performed during and after completion of erection on all equipment:

1. Verification of proper and complete erection of all equipment;

2. Verification of proper d.c. supply voltage, connections to main distribution frames, connections to earthing, fuses, labelling, diagnostics, functionality and applied software, etc;

3. Preliminary checking of operation.

This test will be undertaken by Beneficiary’s personnel and the methodology and test results shall be endorsed by the Contractor.

8.3.3 Commissioning Tests

The main objective of the commissioning tests is to check the proper and safe operation of the equipment and in particular to verify and confirm performance guarantees 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 Contractor and approved and endorsed by the Engineer/Beneficiary.

Following commissioning tests shall be performed:

1. Checking of complete cable installation (outdoor and indoor) and all connections to main distribution frames in substations;

2. Measurement of insulation resistance (for complete cable installation), wire-wire (in one cable pair), wire-earth;

3. Checking of operation of complete system;

4. Checking of supervisory system signalling;

5. Measurement of channel properties;

6. Checking of operation of TNMS

For performance of the tests the applicable approved standards IEC Publications shall be observed.

This test will be undertaken by Beneficiary’s personnel under supervision of the Contractor’s representative to whom the test methodology and test results will be issued for his endorsement.

Details of methods of measurement, conditions and conduct of the tests at site shall be mutually agreed between the Engineer/Beneficiary and the Contractor and laid down in a separate program defining the sequence of the tests, the equipment preparation and operation procedure to be followed.

The Engineer/Beneficiary and the Contractor in collaboration are responsible for obtaining the agreements (if any) from any authority about specific conditions of the test operation.

9 TRAINING

9.1 General

Works to be done under this section include training of the Beneficiary’s personnel to be able to install all equipment and TNMS on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment as required in Para. 5.1 Implementation Requirements.

The will provide training courses for Beneficiary’s personnel according to the plan suggested by the Contractor and approved by Engineer/Beneficiary. The Contractor is responsible for planning and coordination of training courses for Beneficiary’s personnel. This shall enable the Beneficiary to, according to the concept of installation and maintenance, be ready to operate the equipment and carry out the installation and maintenance of the works efficiently and safely. The Contractor will organize the courses at an appropriate time in order that the Beneficiary’s personnel are able to accomplish their function consistent with the overall time programme. The Contractor shall provide information concerning the courses to the Beneficiary at least 30 days before the proposed date of the course commencement.

9.2 Training at Manufacturer’s Site Factory

The training should ensure that the Beneficiary’s personnel will be able to install all equipment and TNMS on site, to test the equipment on site, configure and change the parameters of the equipment independently, to recognize and repair the defects on the equipment and to operate with all functions of telecommunication system independently. After the Training has been successfully completed the Beneficiary personnel will be certified by Contractor for configuration, installation, testing and maintenance of the equipment.

Contractor should offer training plan for Beneficiary’s personnel for all delivered equipment (hardware and software). Training program, range and other details related to the training course is subject to Engineer/Beneficiary approval plan.

The training must be on sufficient level to enable Beneficiary's personnel to install; commission, operation and administration use and maintain the telecommunication system on their own.

Training must include following subjects:

· installation, commissioning, operational use, administration and maintaining of dedicated software tools for local and remote multiplex equipment configuration and management 

· multiplex equipment installation, commissioning, operation, administration and maintaining

· the use of Testing Equipment (hardware and software package)

· Separate Training courses should be held for the following telecommunication equipment. 

· Telecommunication network management system 

· Installation and commissioning, synchronisation management 
2/5

· Operation and administration





2/5

SDH multiplex equipment 

· Installation, commissioning, operation and administration

3/5

· ASON/GMPLS






3/5

PDH multiplex equipment 

· Installation, commissioning, operation and administration

2/5

The Beneficiary anticipates that its personnel will require such trainings and presumes trainings duration. However the Contractor is entitled to suggest a program of greater duration and content if it is thought appropriate

10 DOCUMENTATION

In addition to documents specified in Volume 1 (para.10) the following documentation, shall be submitted with the Tender:

1. Duly completed Technical Schedules (Volume 3-2)

2. Detailed description of the equipment together with technical data, connection diagrams etc.

3. Documentation including:

· Functional description

· List of components

· Block diagram

· Principle of marking including voltage level designation, location designation, cable, wire and equipment designation, design code and documentation reading procedure

4. List of available type test certificates, type of tested equipment, date and testing authority, copy of type test reports and type tests certificates.

5. Certification that delivered equipment shall be compatible, in terms of services, with existing telecommunication system in which will operate.

Complete design documentation and Test Specification for FAT shall be submitted for Engineer/Beneficiary’s approval not later than 4 weeks after contract signing. 

Questionnaires and templates needed for configuration and settings of the telecommunication system shall also be submitted not later than 4 weeks after contract signing.

User manuals and all necessary documentation telecommunication system training shall be submitted before training.

The following documentation shall be provided with delivery:

· Configuration & setup files and lists 

· Maintenance and service manual for all delivered equipment and software

· Installation manual for all delivered equipment and software

· User’s Manual (operation and administration) for all delivered equipment and software
All the manuals should be in English.

User manual and all necessary documentation concerning to the equipment should be delivered in paper and electronic format also (CD ROMs).

The documentation shall be sufficient to maintain the system (hardware and software including application software) without assistance of the Contractor. 

All documentation shall be delivered in three copies, on a normally used information carrier and on plain paper. The format of the documentation shall comply with internationally used standards.
11 TECHNICAL SUPPORT AND ASSISTANCE

Technical Support and Assistance from the Contractor on Project Site means:

· endorsement of commissioning test methodology

· assistance of Contractor’s representatives during commissioning tests

· assistance of Contractor’s representatives during configuration of equipment and TNMS

· endorsement of commissioning test results

Technical Support and Assistance on Project Sites shall be based on complete Substation Telecommunication System.
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12 General

12.1 Description

This is basically performance-type Specification and covers only those general aspects that are meant to ensure a minimum standard of quality and performance. Other details and specific data are contained in the Tender Drawings, Technical Schedules and other documents that form part of this Tender.

These specifications deal with the technical requirements for the Teleprotection Signalling Equipment to be used in the Vrnje 4 400 kV substation and in the SS Leskovac 2 400 kV substation.( and SS Skoplje 400Kv)
The Telecommunication Signalling Equipment will be used for transmission of protection signals of protection equipment (distance, directional earth fault, busbar & breaker failure protection) from one side of the protected overhead line to the other.

All the equipment shall comply with the requirements specified herein and for additional features see Vol.3-2 – Technical Schedules.

12.2 Scope of Supply

The works and services to be performed by the Contractor shall comprise the design, manufacture, shop testing, packing, transport, insurance, unloading, the replacement of any defective items located, installation of software, setting and configuring of equipment, submission of documentation, training of the Beneficiary’s personnel and supervision of the Commissioning Test.

The Contractor is bound to provide complete functionality and performances of the equipment even if the some requirements are not specifically mentioned in the following description.

The scope of supply is summarized as follows:

a) Delivery for teleprotection signalling equipment to be located in the substations.

b) Delivery of approach cables.

c) Factory adjustment and configuration of the teleprotection signalling equipment 

Table 2.1 Estimated quantities for the teleprotection signalling equipment

	Item
	Description
	
	Teleprotection signalling terminal unit with optical and E12 intereface (pair)
	Mandatory spare parts (set)

	1.
	S/S Vranje 4-S/S Leskovac 2
	
	2
	1

	2.
	S/S Vranje 4 –S/S Skoplje
	
	2
	--


The Tender shall include at least the following specified spare parts:

Maintenance Units:

· 1 set of all printed circuit boards or replaceable units of each type for Teleprotection signalling terminal unit

In addition to specified materials for operation and maintenance, the Contractor shall recommend spare parts which he considers necessary.

Contractor shall also recommend special equipment and tools including test instruments which he considers necessary for the proper maintenance of Teleprotection Equipment. These tools and test instruments shall be included in Price Schedules.

Obligatory requirement is that the same Contractor shall supply all equipment inside specified Lot.

12.3 Terminal Points

This Clause defines the terminal points between the works and services to be performed under this Contract.

The terminal points shall be as follows:

· Connection points o input/output of teleprotection signalling equipment shall be terminal points for connection of these equipment to protection relays (distance, directional earth fault, transformer and transformer differential protection) in the substations.

· Earthing system in the substations.

· Equipment rooms in the substations.
12.4 Technical data

Teleprotection signalling equipment shall serve for protection of double circuit feeders (lines).

The teleprotection signalling equipment shall meet the following requirements:

· Distance protection with transfer blocking;

· Distance protection with transfer permissive tripping;

· Distance protection with transfer direct tripping

· Directional earth fault protection with transfer blocking

· Transformer differential protection with transfer direct tripping; or 

· Other transformer protections with transfer direct tripping.

13 EQUIPMENT REQUIREMENTS

13.1 Teleprotection Signalling Terminal Unit

The main requirements for the equipment shall be:

No. of input channels:
8

No. of output channels:
8

Command inputs 
Contacts 24 V to 250 V d.c.
Command outputs
Contacts type NO

Power supply
48 or 220 V DC plus pole earthed

Loop tests of transmission while the system is in service shall be provided. Using the built-in test socket and a hand-held terminal operational information and equipment settings shall be read out.

Transmission of the protection signal in point-to-multipoint system (for protection more than one section) shall be provided with connecting Teleprotection Signaling Terminals in ring structure.

The following indications shall be provided:

· Indications on the front of panel for the existence of line signal shall be available at both ends.

· Loop test facilities shall be provided at both ends.

· The design shall be such that if a real trip signal is actuated by the protective relays during a loop test, the real tripping impulses shall override the test facilities to effect actual tripping of breakers to protect the systems.

The following alarms should be provided to indicate the position, operating status and abnormalities of the protection signalling terminals:

· Transmitter failure 

· Power supply failure

· Receiver alarms:

· Loss of signal

· Loss of synchronization.

· BER > 10exp(-3)

· Alarm relay which indicates any of these alarms should have at least two (NO or NC) independent, voltage free contacts. 

All alarms shall be wired up to Telecommunication Management System and Power Control System.

During the receiver alarm signal, the protection signal should be blocked completely, i.e. the final trip of relays should be completely disabled.

The terminal shall be modular in construction, expandable and suitable for mounting inside a 19” frame. Equipment should be very dependable against faulty tripping, line transient, over-voltages and extraneous interference signals.

14 SPECIAL EQUIPMENT AND TOOLS

Special equipment and tools shall include the items listed in Clause 1.2 of this Subsection.

15 MATERIALS FOR OPERATION AND MAINTENANCE
Materials for operation and maintenance shall be supplied in accordance with Volume 3-1, General Technical Requirements.

Materials for operation and maintenance shall include the items listed in Clause 1.2 of this Subsection.

Any additional spare parts in form of module or printed circuit card recommended by the Contractor shall be listed in the relevant Schedule of Volume 1, Price Schedules. 

The Contractor shall guarantee the availability of spare parts for a 15-year period following withdrawal of the product from the market. Should the product be withdrawn from the market, the Contractor shall provide immediate written notification to the Beneficiary so that the Beneficiary may determine his spare parts requirements. The Tenderers shall include proposals for forward pricing of spares for this period, based on international indices.

16 IMPLEMENTATION REQUIREMENTS

16.1 Scope of the Implementation 

The Beneficiary intents to implement the system as follows:

· The Contractor shall organize the Training of Beneficiary’s personnel in order that the personnel shall be competent to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment. The Contractor will certificate this personnel for installation and maintenance,

· The Contractor will customize the software required, install the software and configure the equipment. The functionality and performances of the equipment will be checked during the Factory acceptance test,

· Transportation of all materials to the site is responsibility of the Contractor. Everything required for complete and operating equipment, although not expressly called for in the Technical Specifications or Drawings, shall be provided by the Contractor at no additional cost.

· The installation of all indoor and outdoor cables and the equipment on site will be undertaken by Beneficiary personnel,

· The Beneficiary’s personnel will carry out the Commissioning Test that shall be endorsed by Contractor, after which the Engineer/Beneficiary will issue the commissioning certificate which will denote the commencement of the warranty guarantee period.

16.2 Requirements for the Implementation

The site implementation will be undertaken by Beneficiary’s trained personnel.

The Contractor is responsible to prepare all documents showing the schedule of installing all the equipment, electrical conduits to the terminal points prior to the beginning of the installation.
17 PACKING, SHIPPING AND TRANSPORT

Packing, shipping and transport shall be arranged according to the requirements stated in Volume 3-1, General Technical Requirements. 

In addition to Volume 3-1 the following shall apply: 

· All equipment shall be carefully packed for transport in such manner that it is protected against mechanical damage and the injurious effect of water and climatic conditions encountered during transit to their destination, as well as during long storage before erection.

· All openings for components which have been removed during transport shall be covered by blanking-off plates.

· The Contractor shall undertake the transportation of the equipment to the site.

18 PERFORMANCE DATA AND REJECTION

The Equipment shall comply with the following requirements:

a) Reliability
· MTBF – 20 years

b) Performance and testing of teleprotection equipment shall comply with IEC 60834-1 second edition.

c) Electromagnetic compatibility and insulation shall comply with requirements for emission and immunity EN 50081-2, EN 50082-2 and IEC 61000.

d) Electrical safety shall comply with the safety requirements according to IEC 60950.

e) Seismic conditions – Teleprotection equipment shall be designed to resist earthquake loadings resulting from accelerations specified in Volume 3-1 – General Technical Requirements.

Ambient conditions for normal operation

Climatic conditions shall comply with IEC requirements
Temperature range-
0°C to 45°C 

Relative humidity
< 95%

19 INSPECTION AND TESTS

19.1 General

Concerning general test requirements, the following shall apply: 

· Testing procedures and time schedules shall be specified by the Contractor and shall be subjected to approval of the Engineer/Beneficiary.

· Tests shall be carried out in order to determine whether the material and apparatus comply with the Technical Specifications. All tests shall be arranged to represent the working conditions as closely as possible. All test results shall be subject to the approval of Engineer/Beneficiary.

· All tests on the equipment both at the Manufacturer’s factory and after completion of erection at site shall be made in accordance with IEC recommendations if not otherwise agreed by the Engineer/Beneficiary. If the IEC recommendations are not available for the particular shop tests, the scope, standards and methods applied shall be specified by the Contractor and will be subject to the approval of the Engineer/Beneficiary.

· Any additional shop tests as may be needed to confirm guaranteed data or to ensure the completeness and safety of the equipment may be ordered by the Engineer/Beneficiary.

· The Contractor shall provide appropriate standard instruments and other measuring equipment necessary to carry out the site tests.

· A written notice of the time and place of all shop tests shall be given to the Engineer/Beneficiary at least 4 (four) weeks in advance, so that he may be present if he so desires. The Contractor’s records of all tests shall be furnished to the Engineer/Beneficiary immediately on completion of each test.

· Following the tests at site, the Contractor shall, at his own expense and within the terms of Contract, rectify any defect and replace any defective part, as directed by and to the satisfaction of the Engineer/Beneficiary.

19.2 Workshop Tests

19.2.1 Type Tests

The type tests as specified below shall be carried out on one complete item of each kind of equipment at the Contractor’s works in accordance with the latest revision of the relevant IEC Publications except where otherwise specified. The test result shall be submitted to the Engineer/Beneficiary for his consideration and his approval immediately after completion of tests.

The following type tests shall be performed:

a) Measurement of transmitting output and receiving input level;

b) Checking of permissible supply voltage variations and power consumption;

The type tests completed by relevant international institutions are acceptable.

19.2.2 Factory Acceptance Test

The Factory Acceptance Test shall be carried out in the presence of the Engineer/Beneficiary’s personnel on all the equipment to be supplied in accordance with the requirements set out in the relevant IEC Publications. The test results shall be submitted to the Engineer/Beneficiary for consideration immediately after completion of tests.

The following Factory Acceptance Test shall be performed:

a) Visual check of the equipment to verify conformity with the Specifications;

b) Hardware Diagnostic test

c) Verification of the equipment functionality

d) Verification of the equipment performances

Those tests must include:

· Equipment start test;

· Simulation of real working conditions;

· Verification of proper voltage variation range,

· Diagnostics, performances, functionality, etc;

· Software downloading and configuration of the equipment,

· Burn in test;

· Equipment start test after mains failure;

· Verification of equipment operation in a case of allowable voltage variation.

The equipment to be delivered to Beneficiary shall have successfully completed the Factory Acceptance Test and the test results approved by Engineer/Beneficiary.
19.3 Site Tests

19.3.1 General

On arrival and at completion of assembly, all items of equipment shall be inspected and tested in order to check quality and being free from damage by the Contractor. The Contractor shall endorse all site tests results submitted by the Beneficiary during installation and the Contractor’s representative shall attend commissioning and final acceptance tests to endorse the procedure and the results. The site tests are subdivided into three stages:

1. Inspection Tests made by Engineer/Beneficiary after delivery of the equipment to 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 appropriate 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.

19.3.2 Tests During and After Completion of Erection

In order to ensure correct installation of the equipment as well to prove that the equipment has been correctly installed, following tests shall be performed during and after completion of erection on all equipment:

1. Verification of proper and complete erection of all equipment;

2. Verification of proper d.c. supply voltage, connections to main distribution frames, connections to earthing, fuses, labelling, diagnostics, functionality and applied software, etc;

3. Preliminary checking of operation.

This test will undertaken by Beneficiary’s personnel and the methodology and test results shall be endorsed by the Contractor.

19.3.3 Commissioning Tests

The main objective of the commissioning tests is to check the proper and safe operation of the equipment and in particular to verify and confirm performance guarantees 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 Contractor and endorsed by the Engineer/Beneficiary.

Following commissioning tests shall be performed:

1. Checking of complete cable installation (outdoor and indoor) and all connections to main distribution frames in substations;

2. Measurement of insulation resistance (for complete cable installation), wire-wire (in one cable pair), wire-earth;

3. Checking of operation of complete system;

4. Checking of supervisory system signalling;

5. Measurement of channel properties;

For performance of the tests the applicable approved standards IEC Publications shall be observed.

This test will be undertaken by Beneficiary’s personnel and the methodology and test results shall be endorsed by the Contractor.

Details of methods of measurement, conditions and conduct of the tests at site shall be mutually agreed between the Engineer/Beneficiary and the Contractor and laid down in a separate program defining the sequence of the tests, the equipment preparation and operation procedure to be followed.

The Engineer/Beneficiary and the Contractor in collaboration are responsible for obtaining the agreements (if any) from any authority about specific conditions of the test operation.

20 TRAINING

20.1 General

Works to be done under this section include training of the Beneficiary’s personnel to be able to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment as required in Para. 5.1 Implementation Requirements.

The Contractor will provide training courses for Beneficiary’s personnel according to the plan suggested by the Engineer/Beneficiary. The Contractor is responsible for planning and coordination of training courses for Beneficiary’s personnel. This shall enable the Beneficiary to, according to the concept of installation and maintenance, be ready to operate the equipment and carry out the installation and maintenance of the works efficiently and safely. The Contractor will organize the courses at an appropriate time in order that the Beneficiary’s personnel are able to accomplish their function consistent with the overall time programme. The Contractor shall provide information concerning the courses to the Beneficiary at least 30 days before the proposed date of the course commencement.

20.2 Training at Manufacturer’s Factory

The training should ensure that the Beneficiary’s personnel will be able to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment. After the Training has been successfully completed the Beneficiary personnel will be certified by Contractor for configuration, installation, testing and maintenance of the equipment.

The Beneficiary anticipates that 5 of its personnel will require such training and presumes that training will be 2 working days in the duration. However the Contractor is entitled to suggest a program of greater duration if it is thought appropriate.

21 DOCUMENTATION

In addition to documents specified in Volume 1 (para.10) the following documentation, shall be submitted with the Tender:

1. Duly completed Technical Schedules (Volume 3-2)

2. Detailed description of the equipment together with technical data, connection diagrams etc.

3. Documentation including:

· Functional description

· List of components

· Block diagram

· Principle of marking including voltage level designation, location designation, cable, wire and equipment designation, design code and documentation reading procedure

4. List of available type test certificates, type of tested equipment, date and testing authority, copy of type test reports and type tests certificates.

Complete design documentation and Test Specification for FAT shall be submitted for Engineer/Beneficiary’s approval not later than 4 weeks after contract signing. 

Questionnaires and templates needed for configuration and settings of the telecommunication system shall also be submitted not later than 4 weeks after contract signing.

User manuals and all necessary documentation for protection system training shall be submitted before training.

The following documentation shall be provided with delivery:

· Complete equipment design documents

· Configuration & setup files and lists 

· Maintenance manual

· Erection instruction

· User’s Manual for all delivered equipment and software
All the manuals should be in English and​ Serbian.

User manual and all necessary documentation concerning to the equipment should be delivered in paper and electronic format also (CD ROMs).

The documentation shall be sufficient to maintain the system (hardware and software including application software) without assistance of the Contractor. 

All documentation shall be delivered in three copies, on a normally used information carrier and on plain paper. The format of the documentation shall comply with internationally used standards.
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22 General

22.1 Description

This is basically performance-type Specification and covers only those general aspects that are meant to ensure a minimum standard of quality and performance. Other details and specific data are contained in the Tender Drawings, Technical Schedules and other documents that form part of this Tender.

Telephone Equipment (PAX, Operator Telephone, MDF (MAIN DISTRIBUTION FRAME), Telephone Sets, etc.) shall provide telephone communications within one substation (S/S Vrnje 4,) as well as communication to the neighbouring substations via microwave digital radio, fibre optical cables or power line carrier. 

This equipment is required for operational and dispatching purposes and will link up with the equipment of the existing telephone network.

All the equipment shall comply with the requirements specified herein and for additional features, see Volume 3-2 – Technical Schedules.

22.2 1.2 Scope of Supply

The works and services to be performed by the Contractor shall comprise the design, manufacture, shop testing, packing, transport, insurance, unloading, the replacement of any defective items located, installation of software, setting and configuring of equipment, submission of documentation, training of the Beneficiary’s personnel and supervision of Commissioning Tests.

The Contractor is bound to provide complete functionality and performances of the equipment even if the some requirements are not specifically mentioned in the following description

Delivery for the new devices to be located in substations (Table 1.1)

Table 1.1 Quantities for the new equipment

	ITEM
	DESCRIPTION
	Vrnje 4

	1.
	PAX 
	1

	 1.1.
	Analogue extensions:

-Subscriber interface (2 wire, decade or DTMF)
	15 pcs

	1.2.
	Analogue trunks:

-E & M 4 wire trunks

-Public line connection PSTN trunks
	2 pcs

4 pcs

	1.3.
	Digital trunks:

-digital connections 2 Mbit/s with (R2, Qsig, DSS1) signalisation (ITU-T G.703,30 channels)

-IP GATEWAY with 2 ethernet ports SIP 100 MB/s (with both functions for IP phones and trunking in the same time)
	3 pcs

1 pcs

	2.
	Operator console for 2 dispatchers (for 2 workers in the same time), type SIP IP
	1 pc

	3. 
	MDF (MAIN DISTRIBUTION FRAME)
	1 pc

	4.
	Telephone Sets

SIP IP type 
	5 pcs

	5.
	Ethernet switch with at least 24 ports, power over ethernet PoE (IEEE 802.3af POWER OWER ETHERNET I IEEE 802.1pq standards), to be manageable, with Qos function, to have possibility of power supply -48 V DC, compatibility with telephone network of EMS and EPS, SNMP possibility of management, long distance management throught the WAN.
	2 pcs

	6.
	Access router with at least 2 x 1000 Mbps Ethernet electrical interfaces (1000BaseT) and at least 4 x 100 Mbps Ethernet electrical interfaces (100BaseT) with dynamic routing (OSPF and BGP), MPLS functionallity and secure standards. Possibility of redundant power supply of -48 V DC. Possibillity of long distance management and configuring by SNMP based protocol, compatibility with telephone network of EMS and EPS.
	2 pcs


Contractor shall recommend spare parts which he considers necessary.

Contractor shall recommend special equipment, tools and test instruments which he considers necessary for the proper maintenance of PAX. 

Obligatory requirement is that the same Contractor shall supply all equipment inside specified Lot.

23 EQUIPMENT REQUIREMENTS

23.1 PAX

The PAX shall be of electronic design, digital type and shall have Stored Program Control (SPC) via central processing unit containing memory, program and data stores and should be customized for use in power utilities.

It shall be possible to give orders to the processor via VDU or remotely to modify changed or new numbers, class of service, routing plans, etc.

Defence and diagnosis programs shall enable the processor unit to give out information for maintenance services concerning fault diagnosis, tests, traffic data, etc. It shall also enable the processor to detect and isolate faulty units.

The PAX shall have not less than four RS 232C ports for communication with:

· VDU;

· Remote supervision terminal unit;

· Service terminal;

· Statistic printer.

Besides the RS 232C ports at least 2 Ethernet port are required.

The Contractor is bound to provide Software upgrade within 5 years after Award of the Contract, free of charge.

The Contractor should offer, as an optional item, special accommodations in upgrade of Software, and Hardware after quoted period of time. These offers will be considered in process of Tender evaluation

Software shall comprise on/off line programs and must be licensed and delivered. On-line shall be divided into resident (operational and fault detection) and non-resident (administration/configuration and fault diagnosis).

Off-line shall be available for test programs, start UPS, etc.

The PAX must be completely reliable and shall fulfil the following requirements:

· Full duplex traffic.

· PABX functions.

· ACD (Automatic Call Distribution) functions

· The PAX shall be permanently under the monitoring and control of Telecommunication Management System.

· The PAX must be compatible with operator telephone which shall be designed and delivered by PAX Supplier.

· The PAX to be offered shall be simple to modify in the event of changes in the numbering system. The Pax must have possibility to maintain four-digit numeration with two-digit characteristic number as well as the future six-digit numeration with three-digit characteristic number.

· The Pax to be offered must have possibility to realise (accomplish) analogue, digital and heterogeneous transit connections (work in a heterogeneous analogue-digital environment).

· Automatic path – finding or free line selection must be included. When one line is busy or faulty, a call should automatically select the next free line.

· The PAX shall be able to connect the following interface circuits:

· Analogue extensions:

· subscriber interfaces (2-wire, decadic or DTMF),

· HOTLINE interfaces,

· Analogue trunks:

· E&M 4-wire trunks,

· Public line connections – PSTN trunks.

· Digital trunks:

· digital connections 2Mbit/s (ITU-T G.703, 30 channels),

· 2B + D (Qsig),

· IP Ethernet interfaces. 

· Operator console interface/ SIP IP telephone set with 2 Ethernet ports

· Public Network Interfaces

PAX can be connected to the public network using ISDN and analogue interfaces.
Digital interfaces

· ISDN Primary rate 30B+D interface conforming to ITU-T I.431. ETSI ISDN protocol

· ISDN Basic Rate 2B+D interface conform ITU-T I.430, ETSI ISDN protocol

· 30B+D Channel Associated Signalling (CAS) protocol.

Analogue interfaces

· 2-wire Decadic/DTMF signalling

· Metering (16 kHz)

· Private Network interfaces

The following interfaces to private networks shall be supported as a minimum:

Analogue Interfaces

· 2-wire or 4-wire E&M interface

· 2-wire or 4-wire E&M interface included compandor control (optional) 

· 2-wire Decadic/DTMF signalling

Digital Interfaces

· 30B+D interface conform ITU-T G.703/G.704, to 1TR6, DPNSS or QSIG protocol. 

· 2 B + D interface (Qsig) 

· IP Gateway (Ethernet interfaces) 

· 100 BaseT with up to 500 voice channels (per IP Exchange) in case of G.711 codec SIP signaling (RFC 3261)

· At least 2 (two) Ethernet interfaces per IP Exchange

· It shall support G.711 codec

· G.711 or G.711 + VAD (Voice Activity Detector)

· Extension Interfaces

The following extension interface characteristics shall be supported as a minimum:

Analogue Interfaces

· Decadic interface (20ms/80ms to 80ms/20ms)

· Standard Pulse/DTMF 2-wire loop circuit, allowing distances of 6 km as a typical value (0.5-mm core).

Digital Interfaces

· A standard Basic Rate Access (BRA) 4-wire ISDN S0 bus conforming to the ITU-T recommendation I.430. This interface allows distances of up to 600 m (0.5-mm core) for point-to-multipoint configurations or 150 m (0.5-mm core) for a multi-terminal passive bus. 

· A 2-wire Upn interface allowing distances of 1000 m with 0.5-mm core. The interface shall be configurable in a 1B+D or 2B+D mode

· A 2-wire Uk0 interface for distances up to 5500 m with 0.5-mm core. A Network Terminator shall transform this interface into a standard 4-wire ISDN S0 bus

· Music on hold

· Synchronisation

These principles of sinchronization are: 

· Sources of synchronisation of one node are always two neighbour network nodes connected by optical transmission paths. 

· The reliability and availability of synchronisation is obtained by redundant transmission ring, if possible. 

· The quality of synchronisation of packet data network will be satisfying for transmission of packetised signalling and packetised speech in packet telephony.

The Digital Telephone Network shall have synchronisation in compliance with the EMS Synchronisation network. Each PAX also has its own sync generator (resolution 2*10 –9 during a period of 24 hours).
· Rated nominal voltage is 48V d.c. with plus pole earthed.

· The speech input and output circuits shall be balanced and have an impedance of 600(
· The PAX shall accept dial impulses without failure over the range of dialling speed per second 8-12 impulse ratios 30/70 to 50/50 percent.

· Release must be provided for subscriber who fails to dial within a period of 20 to 25 seconds after lifting the handset.

· Priority facilities shall be provided to enable privileged subscriber to enter a busy connection.

· The maximum permitted loop resistance of the subscriber lines (excluding the telephone set) shall not be less than 1,000(.

· The subscriber line and junction circuits shall have an insulation resistance of at least 100M( between the wires and earth.

· For trunk line selection, certain priority subscribers shall be permitted direct access. Other subscribers shall obtain trunk lines via the operator telephone.

23.2 Operator Console / SIP IP telephone set with at least 2 Ethernet interfaces

The Operator console shall be mounted on a desk in the command room. Type of console has to be IP, protocol SIP. Telephone lines shall be connected via the PAX to the operator console. Only by means of push‑buttons and keys or touch screen on the operator console (not by other pointer devices like computer mouse and similar) the Control Engineer shall:

· Establish outgoing calls;

· Receive incoming calls;

· Monitor status of all trunk lines (free, busy, block) without any additional manipulation;

· Unblock any trunk line;

· Establish connection between any of the lines connected to the system;

· Listen-in on an established connection;

· Break-in on an established connection;

· Park calls during rush traffic;

· Record important telephone calls on multichannel voice recorder, both interfaces analogue and digital;

· Have hands free operation.

In case of a power supply failure, the operator’s telephone shall automatically connect predetermined lines to the automatic PAX line including E & M 4 wire trunks and public line connection PSTN trunks.

23.3 MDF (Main Distribution Frame)

· For the termination of the subscriber and trunk lines a metal frame wall mounted MDF shall be provided. The MDF shall comprise of disconnection blocks on the PAX side and connection blocks on the subscriber or trunk side. Connection blocks shall include over voltage arrestors for protection. The capacity of the distribution frame must be accommodated to the capacity of the exchange. 

23.4 Telephone Sets

Various types of telephone sets are required, such as:

· Standard table telephone sets;

· Wireless telephone sets.

· SIP IP telephone sets with at least 2 Ethernet ports

All telephone sets shall be designed for:

· Dialling speed 8-12 impulses per second (50/50 or 33/66 ratio), or tone depending on system design;

· Acoustic shock suppression;

· Frequency range 300-3,400Hz;

· For all telephone sets, the case and the handset shall be made of thermoplastic material in a selection of colours. The plastic used shall be resistant to mechanical impact, perspiration, detergent and other foreign material;

· The handset shall be constructed to eliminate acoustic feedback;

· Handset cords shall be of spiral type;

· Instrument cords shall be complete with plug.

24 SPECIAL EQUIPMENT AND TOOLS

Special equipment and tools shall include the items listed in Clause 1.2 of this Subsection

25 Materials for operation and maintenance
Materials for operation and maintenance shall be supplied in accordance with Volume 3-1, General Technical Requirements.

Materials for operation and maintenance shall include the items listed in Clause 1.2 of this Subsection.

Any additional spare parts in form of module or printed circuit card recommended by the Contractor shall be listed in the relevant Schedule of Volume 1, Price Schedules. 

The Contractor shall guarantee the availability of spare parts for a 15-year period following withdrawal of the product from the market. Should the product be withdrawn from the market, the Contractor shall provide immediate written notification to the Beneficiary so that the Beneficiary may determine his spare parts requirements. The Tenderers shall include proposals for forward pricing of spares for this period, based on international indices.

26 ACCESS ROUTER

Access router will have at least 2 1000 Mbps Ethernet electrical interfaces (1000BaseT) and at least 4 100 Mbps Ethernet electrical interfaces (100BaseT) with dynamic routing (OSPF and BGP), MPLS functionality and secure standards. Possibility of redundant power supply of -48 V DC. Possibility of long distance management and configuring by SNMP based protocol, compatibility with telephone network of EMS and EPS.

27 ETHERNET SWITCH

Ethernet switch with at least 24 ports, power over ethernet PoE (IEEE 802.3af POWER OWER ETHERNET I IEEE 802.1pq standards), to be manageable, with Qos function, to have possibility of power supply -48 V DC, compatibility with telephone network of EMS and EPS, SNMP possibility of management, long distance management throught the WAN.
28 IMPLEMENTATION REQUIREMENTS

28.1 Scope of the Implementation
The Beneficiary intents to implement the system as follows:

· The Contractor shall organize the Training of Beneficiary’s personnel in order that the personnel shall be competent to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment. The Contractor will certificate this personnel for installation and maintenance,

· The Contractor will customize the software required, install the software and configure the equipment. The functionality and performances of the equipment will be checked during the Factory acceptance test,

· Transportation of all materials to the site is responsibility of the Contractor. Everything required for complete and operating equipment, although not expressly called for in the Technical Specifications or Drawings, shall be provided by the Contractor at no additional cost.

· The installation of all indoor and outdoor cables and the equipment on site will be undertaken by Beneficiary’s personnel,

· The Beneficiary’s personnel under the supervision of the Contractor’s representative will carry out the Commissioning Test, after which the Engineer/Beneficiary will issue the commissioning certificate which will denote the commencement of the warranty guarantee period.
28.2 Requirements for the Implementation
The site implementation will be undertaken by Beneficiary’s trained personnel.

The Contractor is responsible to prepare all documents showing the schedule of installing all the equipment, electrical conduits to the terminal points prior to the beginning of the installation. 

29 PACKING, SHIPPING AND TRANSPORT
Packing, shipping and transport shall be arranged according to the requirements stated in Volume 3-1, General Technical Requirements. 

In addition to Volume 3-1 the following shall apply: 

· All equipment shall be carefully packed for transport in such manner that it is protected against mechanical damage and the injurious effect of water and climatic conditions encountered during transit to their destination, as well as during long storage before erection.

· All openings for components which have been removed during transport shall be covered by blanking-off plates.

· The Contractor shall undertake the transportation of the equipment to the site.

30 PERFORMANCE DATA AND REJECTION

The Equipment shall comply with the following requirements:

a) Predicted values for PAX’s availabilities are:

· PAX for Vrnje 4 belongs to II level and required availability is 0.99999

Each PAX shall be accommodated with equipment for operation in emergency mode having ideal availability (equal to 1). Operator Console is an integral part of that equipment. 

b) Environmental conditions

· Conforms to ETS-300-019:

· Stationary use class 3.1

· Storage class 1.2

· Transport class 2.3

c) Temperature and Humidity

· Operation
 0.+45 °C/10%..85% humidity/non-condensing

· Storage
-20.+55 °C/10%..80% humidity/non-condensing

· Transport
-40.+70 °C/10%..80% humidity/non-condensing

d) Electro-Static Discharge

· IEC810 and IEC1000

· 12TR21, 25 26, 27,30

e) Electro Magnetic Compatibility

· Conforming to the European directive 91/263/EEC

· EN55022 class B

· EN50082-1

· EN61000-3-2

· EN61000-3-3

f) Over-voltage Protection

· ITU-T K.20

g) Safety

· Conforms to the European directive 73/23/EEC

· EN41003

· EN60950

h) Quality

· ISO9001 certified

· TickIT certified
31 INSPECTION AND TESTS

31.1 General

Concerning general test requirements, the following shall apply:
· Testing procedures and time schedules shall be specified by the Contractor and shall be subjected to approval of the Engineer/Beneficiary.

· Tests shall be carried out in order to determine whether the material and apparatus comply with the Technical Specifications. All tests shall be arranged to represent the working conditions as closely as possible. All test results shall be subject to the approval of Engineer/Beneficiary.

· All tests on the equipment both at the Contractor’s factory and after completion of erection at site shall be made in accordance with IEC recommendations if not otherwise agreed by the Engineer/Beneficiary. If the IEC recommendations are not available for the particular shop tests, the scope, standards and methods applied shall be specified by the Contractor and will be subject to the approval of the Engineer/Beneficiary.

· Any additional shop tests as may be needed to confirm guaranteed data or to ensure the completeness and safety of the equipment may be ordered by the Engineer/Beneficiary.

· The Contractor shall provide appropriate standard instruments and other measuring equipment necessary to carry out the site tests.

· A written notice of the time and place of all shop tests shall be given to the Engineer/Beneficiary at least 4 (four) weeks in advance, so that he may be present if he so desires. The Contractor’s records of all tests shall be furnished to the Engineer/Beneficiary immediately on completion of each test.

· Following the tests at site, the Contractor shall, at his own expense and within the terms of Contract, rectify any defect and replace any defective part, as directed by and to the satisfaction of the Engineer/Beneficiary.
31.2 Workshop Tests

31.2.1 Type Tests

The type tests as specified below shall be carried out on one complete item of each kind of equipment at the Contractor’s works in accordance with the latest revision of the relevant IEC Publications except where otherwise specified. The test result shall be submitted to the Engineer/Beneficiary for his consideration and his approval immediately after completion of tests.

The following type tests shall be performed:

a) Measurement of voltage, current and level at check points;

b) Measurement of transmitting output and receiving input level;

c) Measurement of output frequency and its stability;

d) Checking of permissible supply voltage variations and power consumption;

The type tests completed by relevant international institutions are acceptable.

31.2.2 Factory Acceptance Test

The Factory Acceptance Test shall be carried out in the presence of the Engineer/Beneficiary’s personnel on all the equipment to be supplied in accordance with the requirements set out in the relevant IEC Publications. The test results shall be submitted to the Engineer/Beneficiary for consideration immediately after completion of tests.

The following Factory Acceptance Test shall be performed:

a) Visual check of the equipment to verify conformity with the Specifications;

b) Hardware Diagnostic test

c) Verification of the equipment functionality

d) Verification of the equipment performances

Those tests must include:

· Equipment start test;

· Simulation of real working conditions;

· Verification of proper voltage variation range,

· Diagnostics, performances, functionality, etc;

· Verification of other performances of radio and multiplex equipment;

· Software downloading and configuration of the equipment,

· Burn in test;

· Equipment start test after mains failure;

· Verification of equipment operation in a case of allowable voltage variation.

The equipment to be delivered to Beneficiary shall have successfully completed the Factory Acceptance Test and the test results approved by Engineer/Beneficiary.

This test is performed to verify the performance of the system. FAT should be derived in conditions close to specific Project Site location (setup & configuration trough training).

31.3 Site Tests

31.3.1 General

On arrival and at completion of assembly, all items of equipment shall be inspected and tested in order to check quality and being free from damage by the Contractor. The Contractor shall endorse all site tests results submitted by the Beneficiary during installation and the Contractor’s representative shall attend commissioning and final acceptance tests to endorse the procedure and the results. The site tests are subdivided into three stages:

1. Inspection Tests made by Engineer/Beneficiary after delivery of the equipment to 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 appropriate 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.

31.3.2 Tests During and After Completion of Erection

In order to ensure correct installation of the equipment as well to prove that the equipment has been correctly installed, following tests shall be performed during and after completion of erection on all equipment:

1. Verification of proper and complete erection of all equipment;

2. Verification of proper d.c. supply voltage, connections to main distribution frames, connections to earthing, fuses, labelling, diagnostics, functionality and applied software, etc;

3. Preliminary checking of operation.

This test will be undertaken by Beneficiary’s personnel and the methodology and test results shall be endorsed by the Contractor.

31.3.3 Commissioning Tests

The main objective of the commissioning tests is to check the proper and safe operation of the equipment and in particular to verify and confirm performance guarantees 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 Contractor and endorsed by the Engineer/Beneficiary.

Following commissioning tests shall be performed:

1. Checking of complete cable installation (outdoor and indoor) and all connections to main distribution frames in substations;

2. Measurement of insulation resistance (for complete cable installation), wire-wire (in one cable pair), wire-earth;

3. Checking of operation of complete system;

4. Checking of supervisory system signalling;

5. Measurement of channel properties;

For performance of the tests the applicable approved standards IEC Publications shall be observed.

This test will be undertaken by Beneficiary’s personnel under supervision of the Contractor representative to whom the test methodology and test results will be issued for his endorsement.

Details of methods of measurement, conditions and conduct of the tests at site shall be mutually agreed between the Engineer/Beneficiary and the Contractor and laid down in a separate program defining the sequence of the tests, the equipment preparation and operation procedure to be followed.

The Engineer/Beneficiary and the Contractor in collaboration are responsible for obtaining the agreements (if any) from any authority about specific conditions of the test operation.
32 TRAINING

32.1 General

Works to be done under this section include training of the Beneficiary’s personnel to be able to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment as required in Para. 5.1 Implementation Requirements.

The Contractor will provide training courses for Beneficiary’s personnel according to the plan suggested by the Engineer/Beneficiary. The Contractor is responsible for planning and coordination of training courses for Beneficiary’s personnel. This shall enable the Beneficiary to, according to the concept of installation and maintenance, be ready to operate the equipment and carry out the installation and maintenance of the works efficiently and safely. The Contractor will organize the courses at an appropriate time in order that the Beneficiary’s personnel are able to accomplish their function consistent with the overall time programme. The Contractor shall provide information concerning the courses to the Engineer/Beneficiary at least 30 days before the proposed date of the course commencement.

32.2 Training at Manufacturer’s Factory

The training should ensure that the Beneficiary’s personnel will be able to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment. After the Training has been successfully completed the Beneficiary personnel will be certified by Contractor for configuration, installation, testing and maintenance of the equipment.

The Beneficiary anticipates that 2 of its personnel will require such training and presumes that training will be 5 working days in the duration. How ever the Contractor is entitled to suggest a programme of greater duration if it is thought appropriate.

33 DOCUMENTATION

In addition to documents specified in Volume 1 (para.10) the following documentation, shall be submitted with the Tender:

1. Duly completed Technical Schedules (Volume 3-2)

2. Detailed description of the equipment together with technical data, connection diagrams etc.

3. Documentation including:

· Functional description

· List of components

· Block diagram

· Principle of marking including voltage level designation, location designation, cable, wire and equipment designation, design code and documentation reading procedure

4. List of available type test certificates, type of tested equipment, date and testing authority, copy of type test reports and type tests certificates.

Complete design documentation and Test Specification for FAT shall be submitted for Engineer/Beneficiary’s approval not later than 4 weeks after contract signing. 

Questionnaires and templates needed for configuration and settings of the telecommunication system shall also be submitted not later than 4 weeks after contract signing.

User manuals and all necessary documentation for protection system training shall be submitted before training.

The following documentation shall be provided with delivery:

· Complete equipment design documents

· Configuration & setup files and lists 

· Maintenance manual

· Erection instruction

· User’s Manual for all delivered equipment and software
All the manuals should be in English and​ Serbian.

User manual and all necessary documentation concerning to the equipment should be delivered in paper and electronic format also (CD ROMs).

The documentation shall be sufficient to maintain the system (hardware and software including application software) without assistance of the Contractor. 

All documentation shall be delivered in three copies, on a normally used information carrier and on plain paper. The format of the documentation shall comply with internationally used standards.

34 TECHNICAL SUPPORT AND ASSISTANCE

Technical Support and Assistance from the Contractor on Project Site means: 

· endorsement of commissioning test methodology

· assistance of Contractor’s representative during commissioning tests

· endorsement of commissioning test results

Technical Support and Assistance on Project Sites shall be based on complete Substation Telecommunication System

Telecommunication Power Supply Equipment
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35 General

35.1 Description
This is basically performance-type Specification and covers only those general aspects that are meant to ensure a minimum standard of quality and performance. Other details and specific data are contained in the Tender Drawings, Technical Schedules and other documents that form part of this Tender.

The Telecommunication Power Supply Equipment shall be provided to meet the load requirements of various telecommunication equipments within substations (S/S 400/220/110 kV Vrnje1, S/S 220/110 kV Vrnje 4,).

The 48 VDC power supply equipment shall be in a redundant configuration comprising 48 VDC storage batteries with associated charging rectifier system, main switch gear, load and battery circuit breakers, control & monitoring unit and 48 VDC distribution panel with all necessary fuses and connections. 

For existing Power Line Carrier equipment (PLC) the Uninterruptible Power Supply (UPS) of 230 V AC, 50 Hz shall be provided. 

All the equipment shall comply with the requirements specified herein and for the additional features, see Volume 3-1 – Technical Schedules.

35.2 Scope of Supply

The works and services to be performed by the Contractor shall comprise the design, manufacture, shop testing, packing, transport, insurance, unloading, the replacement of any defective items located, installation of software, setting and configuring of equipment, submission of documentation, training of the Beneficiary’s personnel.

The Contractor is bound to provide complete functionality and performances of the equipment even if the some requirements are not specifically mentioned in the following description.

Obligatory requirement is that the same Contractor shall supply all equipment inside specified Lot.

Table 1.1 
Quantities for the 48 V DC equipment
	Item
	Description
	SS Vrnje 4
	SS Vrnje1

	1.
	Battery set
	1 set
	-1 set

	2.
	Charging Rectifier
	N+1
	-N+1

	3.
	d.c. Main Switchgear
	1pc
	-1 pc

	4.
	48V d.c. distribution board
	1pc
	-1 pc

	5
	Set of Materials for operation and maintenance
	1 set
	-

	6
	Set of special equipment and tools
	1 set
	-


Power supply 48 V DC equipment specified in table 1.1 will be used as follow:

· One set foreseen for Vrnje 4 will be used for S/S Vrnje 1

Table 1.2 
Quantities for the new UPS 230 V AC equipment 

	Item
	Description
	Vrnje 4
	Vrnje1

	1.
	UPS
	1 sets
	1 set

	2.
	Capacity (VA)
	2500
	2500


36 EQUIPMENT REQUIREMENTS

36.1 Technical Data for 48 V DC equipment

The power supply system shall consist of a storage battery and a charging rectifier system. The system shall serve the power supply requirements of the sustations telecommunication equipment and shall have a control & monitoring unit, main switchgear and a DC distribution panel.
The rectifier system shall be a hot-swap N+1 redundant operation system, N being the minimum number of required rectifier modules. The rectifier modules shall have automatic load sharing and be hot-swappable. Rectifier modules shall be added or replaced while the system is operating. Any open open/vacant positions in the cabinet shall be covered by blind panels.

The rectifier system shall include a manual by-pass switch. The switch functionality shall be “make-before-break”. The by-pass switch shall during necessary service works connect the load to the batteries while simultaneously rendering the rectifier voltageless at the DC side.

The rectifier system shall have boost charge facilities.

The system shall incorporate a Control & Monitoring unit. The unit shall monitor such parameters as bus voltage level, rectifier status, AC supply and temperature. The unit shall be programmed through the front panel controls or remote monitoring software to provide alarms on dry relay contacts.

The system shall also incorporate a DC Distribution & Protection panel with facilities for sufficient DC load automatic circuit breakers, including spares. Various combinations of breaker rating shall be accommodated as required. The panel shall be equipped with a Low Voltage Disconnect (LVD) for protection against deep discharge of the batteries which can result in plate deformation and damage beyond repair.

Input protection to each installed rectifier module shall be provided via circuit breakers.

Maintenance free batteries e.g. gel cells, with appropriate battery shelves shall be delivered for installation in the telecommunications room. The batteries should preferably be installed in the same cabinet as the rectifier system. 

A battery isolating circuit breaker shall be included to allow easy battery maintenance without compromising the system integrity.

The 48 VDC system shall meet the power requirements of the connected telecommunication equipment at each site with 50% spare capacity.

The positive pole of the 48 VDC power supply system shall be earthed. All terminal `strips shall be easily accessible for maintenance or rewiring. 

The terminals for high voltage wiring shall be protected by a non-metallic cover and carry a conspicuously marked warning. Screw-type terminals of an approved type shall be permitted. 

Fire resistant insulation for all wiring shall be utilised.

Overvoltage protection must be very strong.
In the following tables the main required characteristics of 48 V power supply systems are given.

36.1.1 Batteries

Type

Maintenance free batteries
e.g. gel cells, for stationary industrial application

Rated voltage of battery
48 V

Number of cells per battery
24

Rated capacity
200 Ah (10 h autonomy)

Final discharge voltage
43.2 V (1.8 V per cell)

Normal maintenance charge
2.2 – 2.3 V (per cell)

Boost charging
2.55 – 2.6 V (per cell)

Ambient temperature
0-45 °C

36.1.2 Charging Rectifiers
Type

One or three-phase maiu
Number of rectifiers
N+1

Input ratings:


Voltage
400/230 V


Frequency
50 Hz


Admissible voltage variations
+ 10%, - 15%

Output ratings:


Rated voltage
48 V


Voltage variation
(1%

(for output current 0-100% and input voltage variation +10%/-3%)


Psophometric interference voltage
( 2 mV

Rated max. charging current
According to consumer load

at 50(C amb. Temperature
and battery charging current
Protection degree of cubicles
IP 21

Thickness of cubicle steel plate not less than
2 mm

36.1.3 d.c. Main Switchgear and 48 V d.c. Distribution Board

Rated voltage
48 V d.c.

Busbar rated current
According to load

Rated short time withstand current
According to load
36.2 Control Unit

The power supply equipment shall incorporate a control and monitor unit. The control unit shall control all rectifier modules, set the float voltage and be able to equalise the voltage on all rectifier modules. It shall also monitor the battery voltage and current by means of front panel test points and/or digital meters

On the front of the control module selectable charge mode shall be available:

· Normal maintenance charge

· Boost charge

Accidental change of limit values shall be prevented by the use of a password. 

The following indications shall be presented on the front panel:

· Normal maintenance charging

· Boost charging

· Automatic current limitation

The following alarms shall be available on potential free contacts (normally closed):

· Low battery voltage

· High battery voltage

· Battery disconnected

· Battery fuse alarm

· Module failure

· High load (tolerance 100%)

· Mains power failure

· Battery failure

· Boost charge

The Control Unit interface for PC communication shall be serial RS232/RS/485 and MS Windows™ based.
36.3 Charging

The rectifier shall be able to operate in two charging modes:

· Normal maintenance charge

This shall be the normal charging condition for the batteries

· Boost charging

This implies higher than normal charge voltage. Boost charging is manually activated at the initial charging of the batteries, and after some time of operation to equalise discrepancies in the in the voltage of the various single cells in the battery system. When boost charging is in process, this shall be indicated on a control panel display, e.g. by the word “Boost”

Change from normal maintenance charging to boost charging and vice versa shall be performed from the control panel of the control module. Status indication “Boost” shall be visualised on the front of the control module, and be available on the external alarm outputs of the rectifier system.

36.4 Load connector

The rectifier system shall be equipped with a load connector which disconnects the load if the battery voltage drops below 43.2 VDC, and connects the load at 51 VDC measured on the rectifier output terminals. The load connector shall be installed in the battery circuit.

36.5 Load sharing

The rectifier system shall have automatic load sharing between the modules.

Discrepancy
< 5% of nominal current.
36.6 Cabinets

The Equipment should be of standard 19-inch mechanics and mountable in 19-inch racks or cabinets.

The technical requirements for cabinets are:

· The cabinets shall include all basic elements: side panels, roof plate, eventual gland plate, glazed door with lock, rear door and ventilators.

· The cabinet should have removable rear door (Rear panel) thus providing easy rear access to mounted equipment. 

· Cable entries shall as a main rule be from the bottom of the cabinet.

· The cabinets shall preferably be equipped with levelling feet to compensate for uneven floor.

· When the batteries are in cabinet they should be in the moveable drawers with screwed connection and interconnection between drawers should be with elastic wires.

36.7 Technical Data for UPS 230 V AC equipment

The UPS will be used to provide power supply for existing PLC equipment. The input for UPS will be from existing main power supply in the Substation.

The UPS shall be packed in one enclosure with the batteries and will be installed in telecommunication room. Therefore, the batteries should be sealed and maintenance free.

UPS shall have high availability, continuous voltage and frequency regulation, possibility to increase run time by adding the optional battery, lightening and surge protection and should be customized for use in power utilities

Beneficiary is responsible for the distribution of the output voltage from UPS to the supplied equipment.

The main equipment data shall be as follows:

36.7.1 UPS

Capacity
2500VA

Efficiency
>90%

Runtime (full load)
>10 min

Output ratings:


Output voltage (nominal)
230 V AC


Output voltage regulation
1% static


Output frequency (((0.1Hz)
50 HZ

Input ratings


Voltage
230 V (nominal)


Frequency
50 Hz


Admissible voltage variations
+10%,-20%

Batteries


Type
Maintenance free, Lead-Acid battery
with suspended electrolyte, leak-proof

Rated max. recharging time
<4 h

37 SPECIAL EQUIPMENT AND TOOLS

The supply shall include the following set of equipment and tools for each substation:

· - 1 (one) cell testing voltmeter;

· - 2 (two) cell bridging connectors;

38 Materials for operation and maintenance
Materials for operation and maintenance shall be supplied in accordance with Volume 3-1, General Technical Requirements.

Materials for operation and maintenance for each site shall include the following:
· 200 % of fuses of each type

· One rectifier module (module should be the same type as used in power supply system)

Besides the materials for operation and maintenance for each site specified above, the following materials for operation and maintenance for central store should be supplied:

· 2 (two) outgoing feeder circuit breakers

· 1 (one) control unit module 

· 1 (one) indicating instrument of each type

Any additional spare parts recommended by the Contractor shall be listed in the relevant Schedule of Volume 1, Price Schedules. 

The Contractor shall guarantee the availability of spare parts for a 10-year period following withdrawal of the product from the market. Should the product be withdrawn from the market, the Contractor shall provide immediate written notification to the Beneficiary so that the Beneficiary may determine his spare parts requirements. The Tenderers shall include proposals for forward pricing of spares for this period, based on international indices.
39 IMPLEMENTATION REQUIREMENTS

39.1 Scope of the Implementation

The Beneficiary intents to implement the system as follows:

· The Contractor shall organize the Training of Beneficiary’s personnel in order that the personnel shall be competent to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment. The Contractor will certificate this personnel for installation and maintenance,

· The Contractor will customize the software required, install the software and configure the equipment. The functionality and performances of the equipment will be checked during the Factory acceptance test,

· Transportation of all materials to the site is responsibility of the Contractor. Everything required for complete and operating equipment, although not expressly called for in the Technical Specifications or Drawings, shall be provided by the Contractor at no additional cost.

· The installation of all indoor and outdoor cables and the equipment on site will be undertaken by Beneficiary’s personnel,

· The Beneficiary’s personnel will carry out the Commissioning Test that shall be endorsed by Contractor, after which the Engineer/Beneficiary will issue the commissioning certificate which will denote the commencement of the warranty guarantee period.

39.2 Requirements for the Implementation

The site implementation will be undertaken by Beneficiary's trained personnel.

The Contractor is responsible to prepare all documents showing the schedule of installing all the equipment, electrical conduits to the terminal points prior to the beginning of the installation. 

40 PACKING, SHIPPING AND TRANSPORT

Packing, shipping and transport shall be arranged according to the requirements stated in Volume 3-1, General Technical Requirements. 

In addition to Volume 3-1 the following shall apply: 

· All equipment shall be carefully packed for transport in such manner that it is protected against mechanical damage and the injurious effect of water and climatic conditions encountered during transit to their destination, as well as during long storage before erection.

· All openings for components which have been removed during transport shall be covered by blanking-off plates.

· The Contractor shall undertake the transportation of the equipment to the site.

41 PERFORMANCE DATA AND REJECTION

The Equipment shall comply with the following requirements:

a) Availability

· >99.9999% for 48 V DC supply

· >99.999 for UPS

b) Electromagnetic compatibility and insulation shall comply with requirements for emission and immunity (EN 50081-2, EN 50082-2).

c) Electrical safety shall comply with the safety requirements according to IEC 60950.

d) Seismic conditions- All Telecommunication Power Supply Equipment shall be designed to resist earthquake loadings resulting from accelerations specified in Part I - General Technical Requirements 

e) Ambient conditions for normal operation

· Temperature range

0°C to 50°C
· Relative humidity 

5% to 95%

42 INSPECTION AND TESTS

42.1 General

Concerning general test requirements, the following shall apply: 

· Testing procedures and time schedules shall be specified by the Contractor and shall be subjected to approval of the Engineer/Beneficiary.

· Tests shall be carried out in order to determine whether the material and apparatus comply with the Technical Specifications. All tests shall be arranged to represent the working conditions as closely as possible. All test results shall be subject to the approval of Engineer/Beneficiary.

· All tests on the equipment both at the Manufacturer's factory and after completion of erection at site shall be made in accordance with IEC recommendations if not otherwise agreed by the Engineer/Beneficiary. If the IEC recommendations are not available for the particular shop tests, the scope, standards and methods applied shall be specified by the Contractor and will be subject to the approval of the Engineer/Beneficiary.

· Any additional shop tests as may be needed to confirm guaranteed data or to ensure the completeness and safety of the equipment may be ordered by the Engineer/Beneficiary.

· The Contractor shall provide appropriate standard instruments and other measuring equipment necessary to carry out the site tests.

· A written notice of the time and place of all shop tests shall be given to the Engineer/Beneficiary at least 4 (four) weeks in advance, so that he may be present if he so desires. The Contractor's records of all tests shall be furnished to the Engineer/Beneficiary immediately on completion of each test.

· Following the tests at site, the Contractor shall, at his own expense and within the terms of Contract, rectify any defect and replace any defective part, as directed by and to the satisfaction of the Engineer/Beneficiary.
42.2 Workshop Tests

42.2.1 Type Tests

The type tests as specified below shall be carried out on one complete item of each kind of equipment at the Contractor’s works in accordance with the latest revision of the relevant IEC Publications except where otherwise specified. The test result shall be submitted to the Engineer/Beneficiary for his consideration and his approval immediately after completion of tests.

The following type tests shall be performed:

a) Measurement of voltage, current and level at check points;

b) Measurement of transmitting output and receiving input level;

c) Measurement of output frequency and its stability;

d) Checking of permissible supply voltage variations and power consumption;

The type tests completed by relevant international institutions are acceptable.

42.2.2 Factory Acceptance Test

The Factory Acceptance Test shall be carried out in the presence of the Engineer/Beneficiary’s personnel on all the equipment to be supplied in accordance with the requirements set out in the relevant IEC Publications. The test results shall be submitted to the Engineer/Beneficiary for consideration immediately after completion of tests.

The following Factory Acceptance Test shall be performed:

a) Visual check of the equipment to verify conformity with the Specifications;

b) Hardware Diagnostic test

c) Verification of the equipment functionality

d) Verification of the equipment performances

Those tests must include:

· Equipment start test;

· Simulation of real working conditions;

· Verification of proper: voltage variation range,

· Diagnostics, performances, functionality, etc;

· Verification of other performances of radio and multiplex equipment;

· Burn in test;

· Equipment start test after mains failure;

· Verification of equipment operation in a case of allowable voltage variation.

The equipment to be delivered to Beneficiary shall have successfully completed the Factory Acceptance Test and the test results approved by Engineer/Beneficiary.

42.3 Site Tests

42.3.1 General

On arrival and at completion of assembly, all items of equipment shall be inspected and tested in order to check quality and being free from damage by the Contractor. The Contractor shall endorse all site tests results submitted by the Beneficiary during installation and the Contractor’s representative shall attend commissioning and final acceptance tests to endorse the procedure and the results. The site tests are subdivided into three stages:

1. Inspection Tests made by Engineer/Beneficiary after delivery of the equipment to 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 appropriate 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 endorsed by the Contractor on site representative.

42.3.2 Tests During and After Completion of Erection

In order to ensure correct installation of the equipment as well to prove that the equipment has been correctly installed, following tests shall be performed during and after completion of erection on all equipment:

1. Verification of proper and complete erection of all equipment;

2. Verification of proper d.c. supply voltage, connections to main distribution frames, connections to earthing, fuses, labelling, diagnostics and functionality etc;

3. Preliminary checking of operation.

This test will be undertaken by Beneficiary's personnel and the methodology and test results shall be endorsed by the Contractor.

42.3.3 Commissioning Tests

The main objective of the commissioning tests is to check the proper and safe operation of the equipment and in particular to verify and confirm performance guarantees 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 Contractor and endorsed by the Engineer/Beneficiary.

Following commissioning tests shall be performed:

1. Checking of complete cable installation (outdoor and indoor) and all connections to main distribution frames in substations;

2. Measurement of insulation resistance (for complete cable installation), wire-wire (in one cable pair), wire-earth;

3. Checking of operation of complete system;

4. Checking of supervisory system signalling.

For performance of the tests the applicable approved standards IEC Publications shall be observed.

This test will be undertaken by Beneficiary's personnel and the methodology and test results shall be endorsed by the Contractor.

Details of methods of measurement, conditions and conduct of the tests at site shall be mutually agreed between the Engineer/Beneficiary and the Contractor and laid down in a separate program defining the sequence of the tests, the equipment preparation and operation procedure to be followed.

The Engineer/Beneficiary and the Contractor in collaboration are responsible for obtaining the agreements (if any) from any authority about specific conditions of the test operation.

43 TRAINING

43.1 General

Works to be done under this section include training of the Beneficiary’s personnel to be able to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment as required in Para. 5.1 Implementation Requirements.

The Contractor will provide training courses for Beneficiary’s personnel according to the plan suggested by the Engineer/Beneficiary. The Contractor is responsible for planning and coordination of training courses for Beneficiary’s personnel. This shall enable the Beneficiary to, according to the concept of installation and maintenance, be ready to operate the equipment and carry out the installation and maintenance of the works efficiently and safely. The Contractor will organize the courses at an appropriate time in order that the Beneficiary’s personnel are able to accomplish their function consistent with the overall time programme. The Contractor shall provide information concerning the courses to the Engineer/Beneficiary at least 30 days before the proposed date of the course commencement.

43.2 Training at Manufacturer’s Factory

The training should ensure that the Beneficiary’s personnel will be able to install all equipment on site, to test the equipment on site, configure and change the parameters of the equipment independently and to recognize and repair the defects on the equipment. After the Training has been successfully completed the Beneficiary personnel will be certified by Contractor for configuration, installation, testing and maintenance of the equipment.

The Beneficiary anticipates that 2 of its personnel will require such training and presumes that training will be 3 working days in the duration. However the Contractor is entitled to suggest a programme of greater duration if it is thought appropriate.

44 DOCUMENTATION

In addition to documents specified in Volume 1 (para.10) the following documentation, shall be submitted with the Tender:

1. Duly completed Technical Schedules (Volume 3-2)

2. Detailed description of the equipment together with technical data, connection diagrams etc.

3. Documentation including:

· Functional description

· List of components

· Block diagram

· Principle of marking including voltage level designation, location designation, cable, wire and equipment designation, design code and documentation reading procedure

4. List of available type test certificates, type of tested equipment, date and testing authority, copy of type test reports and type tests certificates.

Complete design documentation and Test Specification for FAT shall be submitted for Engineer/Beneficiary’s approval not later than 4 weeks after contract signing. 

Questionnaires and templates needed for configuration and settings of the telecommunication system shall also be submitted not later than 4 weeks after contract signing.

User manuals and all necessary documentation for protection system training shall be submitted before training.

The following documentation shall be provided with delivery:

· Complete equipment design documents

· Configuration & setup files and lists 

· Maintenance manual

· Erection instruction

· User’s Manual for all delivered equipment and software
All the manuals should be in English and Serbian.

User manual and all necessary documentation concerning to the equipment should be delivered in paper and electronic format also (CD ROMs).

The documentation shall be sufficient to maintain the system (hardware and software including application software) without assistance of the Contractor. 

All documentation shall be delivered in three copies, on a normally used information carrier and on plain paper. The format of the documentation shall comply with internationally used standards.
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