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1 [bookmark: _Toc459019987][bookmark: _Toc182288444][bookmark: _Toc254708560][bookmark: _Toc174114828][bookmark: _Toc254708561]INTRODUCTION
1.1.1 This Specification covers the requirements for transmitting antennas and distribution feeders for DTT broadcast systems operating in the in the UHF broadcasting bands.	
1.1.2 For completeness, site-specific requirements such as channels of operation, ERP’s, VRP, HRP patterns along with drawings of the proposed antenna arrangements are detailed in the Appendices of this document.
1.1.3 Fault condition, half antenna operation shall allow full transmitter power into half antenna while meeting the requested power and voltage safety factors.
2 [bookmark: _Toc174114829][bookmark: _Toc327948201]Extent of work
2.1.1 Antenna systems at 2RN’s Woodcock Hill and Aranmore sites are covered by this specification. It is expected that the antennas will be delivered in early 2027. 
2.1.2 The work covered by this Specification comprises the supply, including any necessary design, structural analysis, manufacture, commissioning, factory testing, site acceptance testing delivery to site, off-loading and commissioning (optional) of the antennas and associated feeder systems and mounting hardware, including interface sections where appropriate. 
2.1.3 The antenna requirements are:
· Woodcock Hill 2R x 4H UHF Panel array
· Aranmore 2R x 8H UHF Panel array
2.1.4 2RN will carry out the installation of the antennas. 
2.1.5 Tenderer shall quote, as an option, for the supply & install of a temporary/ reserve antenna including main feeders.
3 [bookmark: _Toc174114830]signal characteristics
3.1.1 The equipment required to carry DTT signals shall conform to ETS 300 744. DTT signals are broadcast on the 8 MHz wide UHF channels comprising a signal of 7.61 MHz bandwidth. The DTT radio frequency power has a uniform spectral intensity within this band. The power per channel stated is the mean power of the transmission which is uniformly distributed over the 7.61 MHz bandwidth of the channel. The peak power of the transmission can be up to 10 times higher than the mean power.
4 [bookmark: _Toc174114831]antenna system design
4.1.1 Schematic diagrams of the proposed antenna system shall be included in the Tender. Dimensioning of each component (size & type) in the system shall be clearly indicated on the schematics. 
4.1.2 A table indicating the expected power and voltage present at every point within the antenna system together with the power and voltage safety factor at each point shall be included in the tender response.
4.2 [bookmark: _Toc350763808][bookmark: _Toc174114832]General Arrangement Drawings
4.2.1 Complete mechanical description together with a general arrangement drawing of the antenna systems offered shall be provided. 
4.3 [bookmark: _Toc174114833]General Requirements
4.3.1 In the antenna aperture, all distribution feeders shall be solid outer conductor coaxial cable and shall have a suitable length of heat shrink material to cover the back end of the connector and at least 90mm of cable.  Each cable shall be clearly and permanently marked at both ends so that easy identification of its length and position in the system can be made. The Contractor shall use critchley type labels.
4.3.2 All semi-flexible distribution feeders shall be adequately supported and electrically bonded to the supporting structure.  All cable supports shall be supplied by the antenna contractor.  So far as is practical, the types and different lengths of feeder used in the distribution shall be kept to a minimum. REM clamps shall be supplied for distribution cables and stainless clamps shall be supplied for main feeders larger than 1 5/8”.
4.3.3 Details and supply of any specialist tools required for the installation of antenna components and cables must be included in the tender and fully documented in the antenna installation handbook to be delivered to site with the antenna system. 
4.3.4 For the purpose of impedance adjustment, matching units shall be inserted at suitable points in the distribution system. The use of patches soldered to the inner of rigid feeder lengths will not be accepted. 
4.3.5 All interconnecting flanges in the distribution feeder system shall be to IEC or EIA Specification. The tender shall specify which in the tender return. 
4.3.6 The Tenderer shall detail the antenna panel product spec and model number that will be supplied as part of the overall antenna system. The antenna type approved by 2RN must be supplied.
4.3.7 A block diagram showing the sizes of all flanges and sizes and makes of all distribution feeders and panel types shall be attached to the tender. 
4.3.8 In the case of pole mounted antennas:
4.3.8.1 Preference will be given to a system with individual panels mounted on a structural pole. 
4.3.8.2 The system may be divided into two sections for transportation and erection purposes, as long as the performance of the antenna is not affected.
4.3.8.3 While the antennas are on the ground, they shall be covered with protective plastic sheeting.  
4.4 [bookmark: _Toc174114834]Access and Layout
4.4.1 The layout of the distribution system including associated feeders shall provide adequate access for maintenance personnel in the antenna aperture. Where applicable, an appropriate cylindrical, free climbing area of 575mm diameter shall be provided at each level in the antenna.  
4.4.2 Access to each antenna must be deemed physically safe and satisfactory by 2RN prior to manufacture. 
5 [bookmark: _Toc174114835]antenna system design
5.1.1 The antenna system available apertures are detailed in Appendices in this document B. Any drawings supplied with this document are to be used as a guide for tendering and it will be the Contractor’s responsibility to determine the accuracy of the drawings prior to finalising their own design drawings by a visit to site, the cost of which should be included in the contract price. 
5.2 [bookmark: _Toc174114836][bookmark: _Toc350763812]Steelwork 
5.2.1 The Contractor shall be responsible for designing and providing all steelwork, temporary and final, and attachments for the mounting of the antenna on the structure. This includes any cross-bracings it may be necessary to replace where the existing members are of inadequate strength. However, under no circumstances should the Contractor remove or modify any of the structural members without prior written approval from 2RN. 
5.2.2 All antenna support steelwork must be hot-dip galvanised mild steel in accordance with EN 1993.
5.2.2.1 All bolts, nuts, washers etc. used to secure antenna support steelwork shall be Grade 8.8 in accordance with EN 1993 with washers to EN 1993. All bolts shall have one flat washer and one spring washer under the nut. After final tightening, all bolts shall project through the nuts by not less than 3mm and shall not have any threads in the plies. Unless otherwise stated, holes shall be drilled 1.5mm larger than the nominal diameter of the bolt passing through them.
5.2.2.2 All metallic elements of cable management products and antenna mounting hardware must be fabricated from either hot-dip galvanised mild steel or A2 stainless steel in accordance with ISO 3506.
5.2.3 The Contractor is required to become acquainted with the details of the structure and submit design both from drawings and a physical inspection. All steelwork designs should be submitted to 2RN for approval before manufacture takes place. It will not be permissible to drill any member of the support structure. 
5.2.4 All steelwork surveys shall be completed by a chartered Structural Engineer. The tenderer shall submit the CV of the engineer as part of the tender.
5.2.5 The edge and end distance for bolts shall comply with the latest edition of EN 1993
5.2.6 The Contractor shall prepare and supply all the necessary general arrangement drawings, fabrication drawings, bolt lists, and method statements and shall be fully responsible for the checking and accuracy of these drawings. The general arrangement drawings must be to such a scale that identifying numbers for each member are clearly shown. 
5.2.7 Drawings shall show steel grades of all members and sizes of all bolts. 
5.2.8 Before fabrication all drawings shall be submitted in duplicate to 2RN for comment. Such comment shall not relieve the Contractor of the responsibility for the accurate detailing and fabrication of members and for proper assembly at the time of erection. 
5.2.9 The 2RN comment process will take a minimum of 3 weeks from receipt of drawings from the Contractor. This comment period shall be included in the proposed build period of the antenna systems. 
5.2.10 Fabrication and as-built drawings shall be provided. Drawings shall also be submitted in editable electronic form, in 2D format, to AutoCAD LT 2022. 
5.2.11 All text on drawings, and all other documentation, shall be in English. 
5.3 [bookmark: _Toc174114837]Resistance to Exposed Climatic Conditions
5.3.1 The antenna and all exposed components shall be designed to withstand wind and ice load in accordance with EN 1993-3-1 (2006) (English): Eurocode 3: Design of steel structures - Part 3-1: Towers, masts and chimneys, using the loading criteria outlined in Site Appendices. Members shall be checked in accordance with the requirements of EN 1993.
5.3.2 The relevant wind profile shall be agreed with 2RN. 
5.3.3 The Contractor shall determine and specify the weights, effective wind areas and drag coefficients used for the individual components or each antenna as a whole, including support steelwork. 	
5.3.4 Ice thickness shall be taken as 50mm (in the absence of wind) and 0mm (in conjunction with wind), with due allowance for site altitude. 
5.3.5 All 2RN sites are exposed to persistent and consistent wet, damp conditions with high saline content. The Tenderer shall outline in detail, with supporting drawings, provisions made to ensure the risk of damage due to water ingress and other climatic affects are negated. Please note this is a very important consideration for 2RN.
5.4 [bookmark: _Toc174114838]Stress
5.4.1 The design and detailing of additional structural steelwork and workmanship shall comply with the requirements of EN 1993 or approved equivalent.
5.4.2 Attention shall be given to the design of cantilevers and other components subject to fluctuating stresses, particularly antenna elements which may be mechanically excited by wind conditions, to ensure that failure due to fatigue or movement will not occur. Where required a damper solution will be specified.
5.4.3 [bookmark: _Toc350763816]Every effort shall be made to design critical components to avoid severe stress concentrations at joints or other discontinuities. 

5.5 [bookmark: _Toc174114839]Deflection and Slope
5.5.1 The deflection at the top of the cantilever shall not exceed 2.5% of the length of the cantilever for more than 0.1 hours of any annual period.
5.5.2 Deflections shall be calculated using relevant sections of EN 1993.
5.5.3 The angle between the vertical and a line joining the extremities of the cantilever antenna aperture shall not exceed 20° divided by the antenna total aperture in wavelengths, less 0.5° allowance for the support structure deflection. 
5.5.4 It shall be the responsibility of the Contractor to ensure that under still air conditions the spine when erected is completely vertical irrespective of the interface with the existing structure. 
5.6 [bookmark: _Toc174114840]Dynamic Performance
5.6.1 The spine shall be designed with due allowance for dynamic effects due to wind gusts, vortex shedding and guy vibrations. The Contractor shall provide calculations to show the expected natural frequency and dynamic amplification factors.
5.6.2 The Contractor shall be responsible for ensuring that the new spine supplied, and the mast as a whole, are statically and dynamically satisfactory. A price for analysis work shall be included in the Pricing Schedule, including any costs for additional dynamic analysis work for the spine and existing mast.
5.6.3 A damper shall be offered if the analysis performed indicates a requirement for one.
5.6.4 The Contractor will be required to ensure that the first mode natural frequency of the antenna spine is outside the range 0.8Hz to 2.0 Hz. The Contractor shall provide calculations to show the expected natural frequency. 
5.6.5 If required by the Eurocode, the contractor shall perform a spectral analysis. 
5.7 [bookmark: _Toc174114841]Lifting Jibs

5.7.1 The Contractor shall provide external lifting jibs at the top of the spine. These shall be capable of carrying up to 15KN and shall be arranged symmetrically around the circumference of the spine. It is intended to that lifting jibs shall mainly be used to lower maintenance personnel in front of the antenna systems in order to replace faulty antenna panels. One lifting jib per antenna face is required. (i.e. typically 3KN lifting requirement with a 5:1 margin of safety= 15KN lifting capacity) 
5.7.2 In the case of side-mounted or Wrap-around panel antennas, access to lifting jibs on the lattice structure must not be obscured. 
5.8 [bookmark: _Toc174114842]External Access Ladders
5.8.1 Where applicable, antenna systems shall incorporate external ladders with latchways. The impact of the presence of these ladders on the HRP and/or VRP patterns shall be minimised and clearly detailed. 
5.9 [bookmark: _Toc174114843]Materials
5.9.1 All components shall be manufactured from materials which would be expected to provide a lifetime of at least 25 years, consideration being given to the conditions in which they will be operating. 	
5.9.2 Preference will be given to systems that use power dividers and rigid feeder components fabricated from copper alloys. Cast aluminium is not acceptable. Aluminium in other antenna components shall be kept to a minimum and clearly indicated in the tender. All flange bolts shall be of stainless steel. 
5.9.3 The fixing of feeders in the antenna aperture must be achieved by the use of plates and cable REM Clamps or by an approved type of clamp, e.g. MKD 15/21, and REM Clamps. Lindaptors and other toothed clamps that may damage the structure are forbidden.  Feeders in the antenna aperture may be fixed by means of cable ties only if the feeder diameter does not exceed 1/2" and it is not possible to use REM Clamps. 
5.9.4 Any exposed plastic components used must be resistant to degradation through the action of ultra violet radiation. 
5.9.5 All steel shall be in accordance with EN 1993.
5.9.6 Plates shall be minimum Grade S275. 
5.9.7 Due allowance shall be taken of brittle fracture in the selection of steel, in accordance with EN 1993, assuming minimum service temperature of –20oC. 
5.9.8 Manufacturer’s test certificates shall be furnished by the supplier in accordance with the above standards. 
5.9.9 Dimensional and shape tolerances shall satisfy the following:
5.9.9.1 Hot rolled structural sections shall comply with EN 1993. 
5.9.10 Plates shall comply with EN 1993. In particular, plates greater than 16mm thickness shall be free from lamination. 
5.9.11 Bolts shall be Grade 8.8 in accordance with EN 1993 with washers to EN 1993. All bolts, nuts and washers shall be spun galvanised to EN 1993. All bolts shall have one flat washer and one spring washer under the nut. After final tightening, all bolts shall project through the nuts by not less than 3mm and shall not have any threads in the plies. Unless otherwise stated, holes shall be drilled 1.5mm larger than the nominal diameter of the bolt passing through them. 
5.9.12 Bolts in main leg members and primary bracings shall be not less than 16mm diameter and in secondary members shall be not less than 12mm diameter. 
5.9.13 All steelworks shall be galvanised to EN 1993. The hot dip galvanised coating shall have a minimum average coating of 125μm, and a minimum local thickness of 100μm. The Contractor shall make known to 2RN the name and address of the galvanising contractor at the time of tender. 
5.9.14 Bolts and nuts shall have a coating with an average thickness of 40μm or more. 
5.9.15 Requirements shall include the following:
5.9.15.1 The surface of the steel shall be without impurities such as oil, fat, welding slag. 
5.9.15.2 The hot dip galvanising shall be smooth and continuous, and without spikes, drops and blisters. 
5.9.15.3 The coating shall have sufficient adhesion to the steel, so it does not flake off by normal treatment. 
5.9.15.4 Repairing of the zinc coating shall be carried out in accordance with procedures approved by 2RN. 
5.9.15.5 No bonding, drilling, welding or cutting shall be permitted after galvanising. 
5.9.16 All welding shall be in accordance with EN 1993. Electrodes shall be in accordance with EN 1993
5.9.17 The proposed welding procedure to be used shall be in accordance with EN 1993 and shall be submitted to 2RN for approval. All welders shall hold a valid certificate to IS 200, or approved equivalent, in the relevant processes and materials. 
5.9.18 Welds connecting primary elements, where a single failure would result in the collapse of either the structure or a major part of the structure, are to be subjected to ultrasonic or radiographic tests in addition to crack detection by either the magnetic method or the dye penetration method. 
5.9.19 Site welding shall not be permitted without prior approval from 2RN. 
5.9.20 All steelwork supplied and installed shall be CE marked to comply with EN 1090-1:2009 +A1:2011
5.10 [bookmark: _Toc174114844]Aircraft Warning Lights – Not applicable

5.11 [bookmark: _Toc174114845]Service Life
5.11.1 [bookmark: page9][bookmark: page10]The service life of each antenna shall be a minimum of 25 years. 

6 [bookmark: page11][bookmark: _Toc174114846]Maintenance facilities
6.1.1 Each Antenna system shall be designed in detachable units with adequate accessibility for the inspection and replacement of any faulty unit without disturbing the remainder of the antenna system (including antenna panels).  It may be assumed that power will be removed when personnel are in the immediate vicinity of the antenna elements.  
6.1.2 Where applicable the equipment shall be physically arranged as follows:
6.1.2.1 Main Feeder Connector. 
6.1.2.2 Test measuring link. 
6.1.2.3 Matching Unit(s). 
6.1.2.4 Main power divider. 
6.1.3 For acceptance test purposes, return loss measurements shall be recorded at the directional couplers at the bottom of the main feeders and / or main antenna power dividers. 
6.1.4 Note: If the U-link connections are to other than IEC Standards, suitable adapters shall be provided.
6.2 [bookmark: _Toc350763821][bookmark: _Toc174114847]Identification of Component Parts
6.2.1 At the time of works tests all component parts of the antenna systems shall be permanently marked to the satisfaction of the 2RN in sufficient detail to ensure that the mechanical assembly used during works tests will be repeated at site. To facilitate maintenance such markings shall conform to a schedule to be supplied to 2RN. 
6.2.2 The markings shall be of a permanent nature so as to provide a means of identification over the life period of the antenna system.  Each tier cable shall be identified at both ends by its length and its location within the antenna. 
6.3 [bookmark: _Toc174114848]Pressurisation
6.3.1 Where pressurised systems are proposed the following shall apply:
6.3.1.1 The antenna system will be air-tight and designed to be pressurised to between 3 – 6  P.S.I. 
6.3.1.2 The installation Contractor shall be responsible for connecting the air lines to the antenna system. The pressure shall be applied immediately the cables are installed on the mast. 
6.3.1.3 A dehydrator shall be priced as an option to supply feeds to all feeders. The make and model number shall be provided as part of the tender response for 2RN comment. 
6.3.1.4 A method statement detailing purging the entire system shall be proposed in the tender response. 
6.4 [bookmark: _Toc174114849]Antenna Spares
6.4.1 A complete spares list including prices shall be included in the tender. 
6.4.2 The minimum spares requirement shall be: -
6.4.2.1 2 x each type panels. 
6.4.2.2 1 x each type of power divider 
6.4.2.3 1 x each type of tail- terminated one end with additional connector supplied
6.4.2.4 1 x any unique component 
7 [bookmark: _Toc174114850]electrical requirements
7.1 [bookmark: _Toc174114851]Gain Tables for Antennas
7.1.1 Sufficient detail shall be provided to enable 2RN to check intrinsic gain less loss due to distribution feeders and null filling, and the maximum and mean ERP figures for the antenna systems. 
7.1.2 As a minimum the following will be provided for each channel of operation :-
	Frequency / Channel 
	Ch1 
	Ch2 
	Ch…
	Ch…

	
	
	
	
	

	Vertical directivity (dBd)
	
	
	
	

	Horizontal directivity (dB)
	
	
	
	

	Losses due to antenna distribution system (dB)
	
	
	
	

	Losses due to null filling (dB)
	
	
	
	

	Maximum Gain (compared to half wave dipole) (dBd)
	
	
	
	

	Losses due to main feeder (dB)
	
	
	
	

	Total System Gain (dBd)
	
	
	
	


[bookmark: _Toc174114852]
7.2 Emergency Facilities
7.2.1 The antenna system shall each be divided into two half stacks fed by separate main feeders carrying equal transmitter powers. The two parts should each provide an ERP that does not differ from the other by more than 3dB at the angle of beam tilt appropriate to the whole antenna. The antenna systems shall have discrete half antennas with no inter-leaving of tiers. 
7.2.2 As a minimum each half stack shall be capable of taking full transmitter output power.
7.3 [bookmark: _Toc174114853]Effective Radiated Power
7.3.1 For the purpose of assessing the required antenna gains, feeder sizes and losses, the available transmitter power per programme available is given in the Appendices of this document (i.e. available transmitter power minus in-building losses = transmitter power available at input to main feeders). 
7.3.2 The Contractor shall ensure that the distribution feeder system is designed to accept the maximum available input power and peak voltage with the appropriate factors of safety.
7.4 [bookmark: _Toc174114854]Safety Factors
7.4.1 Under half antenna operating conditions a table indicating the expected power and voltage present at every point within the antenna system together with the manufacturer’s maximum power and voltage rating and the power and voltage safety factor at each point shall be included in the tender response. 
7.4.2 This data shall be presented in the format below. Component and feeder ratings shall be taken from the latest edition of the associated manufacturer’s component/feeder catalogue:
	Component
	Power Present (kW) 
	Voltage Present (kV) 
	Maximum rated power from Manufacturer (kW)
	Maximum rated voltage from Manufacturer (kV)
	Power safety factor
	Voltage Safety factor

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


 
7.4.3 This table shall include the power and peak voltage expected at each component based on the required ERP’s. 
7.4.4 The formula being used to derive the peak RF voltage present shall be provided and clearly explained in the tender response. 
7.4.5 The minimum Safety Factor required in respect of power handling for any feeder or other component part of the main or temporary antenna systems, expressed relative to the normal operating power necessary to achieve the required ERP, shall be 2.0. This safety factor shall be maintained after any de-rating factor has been applied. 
7.4.6 A de-rating factor shall be applied to take account of the mismatch existing on each section of feeder in order to ensure that the maximum permitted power, voltage or current is not exceeded at any point. 
7.4.7 The minimum Safety Factor required, in respect of voltage handling, for any feeder or other component part of the main or temporary antenna systems shall be at least 1.5 and this shall be based on the minimum power which initiates breakdown of the component concerned. The Tenderer shall state in the Price Response document the price implications of raising the Safety factor, in respect to voltage handling, from 1.5 to 2.0. 
7.4.8 All power ratings shall be based on an ambient temperature of 40°C. 
8 [bookmark: _Toc174114855]main feeders
8.1.1 Any new main feeders supplied shall have a characteristic impedance of 50 ohms and the electrical lengths of the main feeders after re-termination shall not differ by more than 5o at the highest operating frequency. 
8.1.2 The antenna Contractor shall provide a separate price for the provision of a test technician for the phasing and termination of the main feeders.
8.1.3 The antenna Contractor shall provide a separate price for the provision of new main antenna feeders including connectors to each antenna.
8.1.4 Preference shall be given to antenna systems where tier cables to antenna panels are foam filled.
8.2 [bookmark: _Toc174114856]Main Feeder Terminations
8.2.1 The feeders shall be terminated in IEC or EIA flanges of appropriate size, the upper end to suit the antenna input and at the lower end as specified in the Appendices of this document. All parts of the connector are to be constructed from copper alloys. The main feeders are to be terminated inside the structure and below the new spine.
8.3 [bookmark: _Toc174114857]Main Feeder Labelling
8.3.1 Should this option be taken the Contractor shall mark the main feeders clearly and permanently with a label at each connector. The labels shall uniquely identify the feeders and indicate which feeder is connected to the upper and lower half of each antenna. The exact electrical length of the feeder shall also be printed on the label of each main feeder. 
8.4 [bookmark: _Toc174114858]Main Feeder Fixings
8.4.1 The main feeders shall be mounted within the structure and attached to it at intervals not exceeding manufacturer’s recommendations. This shall be detailed in the tender return and antenna handbook. The Contractor shall include in the Tender an allowance for providing adapting brackets and fixings which may be required for attaching the feeder clamps to the structure. The feeder clamps must be installed in such a manner that gravity will not cause them to fall off should they become loose. In any case the clamps and clamping method shall be approved by 2RN. The use of any clamps or clamping device which damages the structure is prohibited. Stainless steel PUK clamps are required.
8.5 [bookmark: _Toc174114859]Main Feeder Earthing
8.5.1 The contractor will be required to ensure that each main feeder is adequately bonded electrically to the structure at the upper end and as it leaves the structure at the lower end. The Contractor will also be required to ensure that the main feeders are adequately earthed at the point where they enter the transmitter building using approved earthing kits sourced from the feeder manufacturer. 
8.6 [bookmark: _Toc174114860]Pressurisation
8.6.1 The feeders shall be terminated in IEC or EIA flanges of appropriate size, the upper end to suit the antenna input and at the lower end as specified Appendix B – Table 1. All parts of the connector are to be constructed from copper alloys. 
8.7 [bookmark: _Toc174114861]Main Feeder Performance
8.7.1 Insertion Loss
Insertion loss shall be in accordance with the manufacturer’s specification and shall be demonstrated on site to the satisfaction of 2RN.
8.7.2 [bookmark: _Toc350763838]Phasing
A price shall be provided for the phasing of main feeders and the supply of suitable test equipment to carry out same. 
The electrical length of each pair of main feeders shall be equal to within 5° phase at all frequencies in the 470 – 694MHz (UHF) when both feeders are either un-pressurised or pressurised to the same extent.

9 [bookmark: _Toc174114862]monitoring facilities
9.1 [bookmark: _Toc174114863]Input to Panels (Optional Requirement Only)
9.1.1 At the input to each panel, a suitable elbow with integral capacitive monitoring probe with ‘N’ type female connector shall be provided.  Each probe shall be set up to ensure the same coupling phase & amplitude (and directivity in the case of directional couplers), and a calibration chart shall be supplied.  Each probe shall be capped with a waterproof cover during normal operation. In an uncovered state the probes shall perform to IP 68 standard. 
9.2 [bookmark: _Toc174114864]Input to Antenna 
9.2.1 At the bottom of each main feeder, a precision dual directional coupler shall be fitted.  It is intended that these couplers shall be used to measure the impedance of the halves of the antenna at site. These couplers shall be priced separately in the tender. 
9.2.2 The coupling and directivity of the couplers shall be as specified in clause 9.3. 
9.3 [bookmark: _Toc174114865]Directional Couplers 
9.3.1 [bookmark: _Toc350763843]The dual port directional couplers shall operate over the channels specified and conform to the following requirements. 
9.3.2 All directional couplers shall be supplied with all test results measured by the Tenderer to verify the directivity and the coupling factors of each port. The coupling factor of each shall be chosen to provide an RF output level, via an ‘N’ type connector of approximately 0dBm into a 50Ω load. The coupling factor, calibrated to an accuracy of ±0.05dB at the operating frequency, shall be stated. A graph of the coupling factor graph shall be provided over the frequency range 470 - 694MHz. with sufficient detail to determine the coupling factor to ±0.05dB at any frequency within the frequency range. 
9.3.3 [bookmark: _Toc350763844]The verifiably calibrated forward and reverse directional couplers shall operate over the channels specified and conform to the following specifications:- 
	Directivity:
	Forward wave coupler shall be greater than 30dB.
Reverse wave coupler shall be greater than 40dB.

	Return Loss:
	The high power path return loss of the directional coupler shall be 32dB.  The Tenderer shall state the return loss of the directional coupler.



9.3.4 The verifiably calibrated forward and reverse directional couplers shall operate over the channels specified and conform to the following specifications:- 
	Return Loss:
	The return loss of the directional coupler while sweeping into the monitoring points shall be 28dB.  The Tenderer shall state the return loss at the monitoring points of the directional coupler.







9.3.5 Load resistors in the above directional couplers shall be linear to the extent that the levels of spurious intermodulation frequencies produced in them are at least 85dB lower than the carriers producing them. 
9.3.6 Each coupler shall be fitted with a screw on protective cover to protect the connector from damage and the ingress of moisture. Outline design to be submitted with the tender. 

10 [bookmark: _Toc174114866]transmission performance
10.1 [bookmark: _Toc174114867]Antenna Polarization
10.1.1 The required antenna polarizations for all sites are listed in appendices. 
10.1.2 The radiated fields on all angles of azimuth, and elevation between 0 and -30° shall be such that the maximum component of the electric vector in the wanted polarization is at least 20 dB greater than the maximum component of the electric vector in the unwanted polarization. 
10.2 [bookmark: _Toc174114868]Impedance 
10.2.1 After installation of the Antenna, the impedance specification shall be met as follows: 
10.2.1.1 In each digital channel, the reflection coefficient of the whole and half antenna shall not exceed the values determined by straight lines joining the points given in the following table and extended to the edge of the channel: 
	fc - 4MHz
	fc
	fc + 4MHz
	

	24dB
	24dB
	24dB
	Whole Antenna

	22dB
	22dB
	22dB
	Half Antenna



10.2.1.2 The reflection coefficient shall be measured at the input of the main feeders.

10.2.2 As part of the tender response the Tenderer shall provide simulated VSWR or Return Loss plots in the tender response for upper, lower and combined stacks. 
10.3 [bookmark: _Toc174114869]Vertical Radiation Pattern 
10.3.1 Within all operating channels and in all directions of azimuth, the vertical radiation pattern (VRP) of the whole antenna shall not fall below the minimum limit defined by the expression: - 
10.3.1.1   E  Cosec ( - m)  for any value of  between	 90  and 15°
	       2A					              A
Where :	 is the angle measured below the horizontal.
			m is the angle of beam tilt.
			A is the aperture of the antenna in wavelengths.
			E is the maximum of the VRP on the bearing concerned.
10.3.2 The Vertical Radiation Pattern, as calculated, should be as follows: 	
10.3.2.1 The difference between a maximum and the last minimum is not greater than 6 dB at elevations up to 10 degrees.
10.3.2.2 From 15 to 50 degrees the peaks do not exceed 12% of E max.
10.3.3 VRP patterns shall be included in the tender and shall include plots extending to  = ±50°, with tabulated data in softcopy (e.g. csv, xls files) and in PDF format for each frequency in Appendix A.  Tabulated 3D antenna pattern data should also be made available. 
10.3.4 The nominal beam tilt for each antenna system is detailed in Appendix A.
10.3.5 A high degree of null filling is required for each antenna system and 2RN is willing to accept a high degree of null fill loss (up to 1.5 dB) to achieve this.
10.3.6 This information shall be in the form of drawings with a description of the method used for the calculations and shall be in sufficient detail for 2RN to check the results. The Cosec response outlined above shall be included on all vertical radiation patterns.
10.4 [bookmark: _Toc174114870]Horizontal Radiation Pattern 
10.4.1 All radiation patterns shall include modelled/ anticipated influence of any structure that will be in place in the final installation including stay wires, ice canopies, other antenna systems, external ladders, nearby masts & towers etc.
10.4.2 The maximum ERP required and the internationally co-ordinated max ERP and HRP radiation pattern for each antenna and channel where applicable are as specified in Appendix A. 
10.4.3 The contractor shall clearly state the tolerance figures for all angles of azimuth in the submitted HRP patterns. 
10.4.4 Pattern diagrams shall be provided in PDF format and tabulated data in soft copy (e.g. csv, excel). Tabulated 3D antenna pattern data should also be made available. 
10.4.5 This information shall be in the form of drawings and the method of calculation shall be given in the tender response. 
10.4.6 A method statement for antenna HRP works demonstration shall also be provided in the tender response. 
10.5 [bookmark: _Toc350763854][bookmark: _Toc174114871]Variation of Radiation Patterns with Frequency
10.5.1 Variation Between Channels – UHF
The difference in effective radiated power (ERP) measured between any combination of digital channels at any angle of azimuth and for angles of depression between 0° and 15° shall not exceed the limits given in the following table: -

	Angle of Depression
	Difference in ERP between channels

	Degrees
	dBs

	0 to 7
	3

	7 to 12
	6

	12 to 15
	10


[bookmark: _Toc350763855]
11 [bookmark: _Toc174114872]FACTORY ACCEPTANCE TEST
11.1.1 Testing shall comprise of physical inspection of all parts of the materials supplied including spares, inspection of engineering design calculations together with electrical performance measurements. 
11.1.2 The testing shall be carried out using 2RN’s specification for the antenna system being purchased and the testing shall verify that each section of that specification is fulfilled to the satisfaction of 2RN.
11.1.3 The antenna contractor shall supply all the necessary test equipment and make available the current calibration certificate before the testing begins.
11.1.4 Prior to scheduling the factory acceptance tests the antenna contractor shall provide a complete set of tests results for each antenna to 2RN for inspection. These shall be antenna system test results and not results of component testing alone.
11.1.5 For UHF systems impedance and horizontal radiation patterns shall be as follows for each of the digital channels assembled and mounted in its final form
11.1.5.1 The centre frequency.
11.1.5.2 The centre frequency ± 4MHz

11.2 [bookmark: _Toc350763856][bookmark: _Toc174114873]Mechanical Inspection
11.2.1 A stringent examination of all distribution components, in particular, cable terminations, will be carried out.  Any sealing compounds should not be injected into connectors until after the inspection.  Heat shrink material to the satisfaction of 2RN shall be applied over all cable connectors (at the join between the cable and connector) prior to delivery to site.	
11.3 [bookmark: _Toc174114874]Pressure Test (if applicable)
11.3.1 The pressurised air leakage rate shall be measured using the flow rate meters. It shall be demonstrated that the system is sealed correctly. 	
11.4 [bookmark: _Toc174114875]Impedance Test
11.4.1 This shall involve electrical measurements on the following sample components from the antenna (or spares) distribution systems: 
11.4.1.1 Tier Power Divider. 
11.4.1.2 Main Power Divider 
11.4.1.3 Tier Cable & connectors 
11.4.1.4 Directional coupler 
11.4.1.5 Line matching section 
11.4.1.6 Direct access unit 
11.4.1.7 Panel 
11.4.2 Components for this test shall be selected from the complete antennas by 2RN. 
11.4.3 The Contractor shall demonstrate that the impedance of the antennas meet the specified requirements.  Final form components shall be used during works tests. 	
11.5 [bookmark: _Toc174114876]Horizontal Radiation Pattern 
11.5.1 Tests will normally be performed on the whole antenna but 2RN will consider, if requested by the Contractor, restricting this test to halves of the antennas depending upon the design adopted. 
11.5.2 Final build components are required for this test as impedance testing, mechanical inspection and antenna access shall be carried out at this time. 
11.5.3 A separate price for this demonstration shall be included in the tender.  2RN may request video conference attendance (e.g. zoom) for the pattern tests.   	
11.5.4 A minimum of 10 working days’ notice must be given to 2RN with regard to HRP and VRP pattern demonstrations. 
11.6 [bookmark: _Toc174114877]Vertical Radiation Pattern 
11.6.1 2RN may accept computed patterns derived from measured currents if satisfied that suitable facilities are provided by the Contractor. 
11.7 [bookmark: _Toc350763861][bookmark: _Toc174114878]DC High Voltage Tests
11.7.1 Each component shall be tested to the satisfaction of 2RN that they can withstand without voltage breakdown the peak voltage plus the voltage factor of safety for that component. 
11.7.2 The antenna contractor shall supply a detailed method statement with the tender indicating the factory acceptance demonstration to be adopted and the equipment to be used for such tests (make and model details to be supplied). 
11.7.3 A number of sample components from the antenna shall be tested to the satisfaction of 2RN. 
11.7.4 For UHF systems the antenna contractor shall supply a detailed evaluation with the tender indicating the peak voltage rating of each part of the system in order that the single peak voltage limiting element of the system can be clearly identified. This element will be subject to particular scrutiny in the high voltage testing
11.8 [bookmark: _Toc174114879]Tests Site Requirements 
11.8.1 Prior to the erection of the antenna on the turntable, the measuring site shall be checked to ascertain that the antenna is illuminated by a uniform co-phased field. First, it shall be demonstrated by calculation, ignoring reflection at the ground, that the illuminating wave front over the space to be occupied by the antenna does not depart from the co-phased conditions by more than 15° of phase. 
11.8.2 Secondly, the measured amplitude of the illuminating field throughout the volume of the antenna should not vary by more than + 1dB.  Where the HRP of each tier of the antenna is nominally identical, this requirement need apply only over each tier but the maximum variation between the tiers should not exceed +2dB. 
11.8.3 The amplitude may be conveniently demonstrated by observing the signal picked up by a suitable probe antenna as it is moved over a distance equal to the aperture width of the antenna plus one wavelength. 
11.8.4 The antenna contractor shall provide details of the test site in the tender.  In addition, a full method statement for the antenna HRP demonstration shall be included. 
11.8.5 Any relevant structural elements including stay wires, ice canopies, other antenna systems, external ladders, nearby masts & towers etc shall be accounted for in the test range. 
12 [bookmark: _Toc174114880]site ACCEPTANCE TEST
12.1.1 Tests at site shall include the following and any other tests that 2RN may require to demonstrate that the provisions of this Specification have been satisfied. Please note Site Acceptance tests shall be priced as an option for the main antennas only. The temp/reserve Site Acceptance Tests will be completed by 2RN.
12.2 [bookmark: _Toc174114881]Mechanical Inspection
12.2.1 An examination of all distribution components and fixings shall be carried out, including demonstration of adequate access for maintenance purposes. 
12.3 [bookmark: _Toc174114882]Demonstration of Main Feeder Return Loss
12.3.1 With the main feeders terminated by a precision load equal to the characteristic impedance of the cable (50 ohms) the return loss of the feeders shall be measured and demonstrated to be within specification. 
12.4 [bookmark: _Toc174114883]Demonstration of Main Feeder Loss
12.4.1 The main feeder loss shall be measured and demonstrated to be within the specified limits. This measurement shall be made and recorded for each channel of operation. 
12.5 [bookmark: _Toc174114884]Demonstration of Main Feeder Phasing
12.5.1 It shall be demonstrated that the electrical length of each pair of main feeders shall be equal to within 5 ° phase at all frequencies between 470 - 694MHz (UHF) when both feeders are either un-pressurised or pressurised to the same extent. 
12.6 [bookmark: _Toc174114885]Demonstration of Antenna Impedance
12.6.1 Tests at site shall also include a demonstration of compliance to the half antenna input impedance specification of the antenna system specification. 
12.6.2 Impedance measurements shall be taken at each main power divider, depending either the input to each main feeder if the main feeder is purchased as part of these works.
12.7 [bookmark: _Toc174114886]Demonstration of Horizontal Radiation Pattern
12.7.1 If applicable the antenna contractor shall price separately for tests with helicopter or drone to verify horizontal radiation patterns for each antenna system. The company which the antenna contractor proposes to carry out these tests must first be approved by 2RN. 
12.7.2 The measurements shall be taken at intervals of no less than 0.1 degrees of azimuth in order that a continuous plot can be charted of the HRP. These tests shall be completed within one month of final antenna commissioning on-site. 
12.7.3 Within the main beam of the antenna (i.e. max VRP value), the measured HRP shall fall within the limits 10% of the tendered patterns (on a per channel basis for any angle of azimuth). 
12.8 [bookmark: _Toc174114887]Demonstration of Vertical Radiation Pattern
12.8.1 This shall be demonstrated by measuring the phase and amplitude to each antenna panel, by the same means as employed during the works tests. 
12.8.2 The measured VRP shall be within 0.2 degrees of the tendered patterns (on a per channel basis for any angle of azimuth). 
12.9 [bookmark: _Toc174114888]Demonstration of System Sealing Effectiveness
12.9.1 [bookmark: _Toc350763872]If applicable pressurised air leakage rate shall be measured using the flow rate meters already fitted on site. 
13 [bookmark: _Toc174114889]PROGRAMME OF WORK
13.1.1 Programme of work showing in weeks and days the time required from receipt of a Contract for the design, fabrication, works-testing including final testing, packing, delivery and completion of site acceptance testing shall be provided. 
13.1.2 The programme of work shall exclude any allowance for inclement weather or waiting time.
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