Cables and segregation

Electromagnetic compatibility (EMC) - the ability of a device (or system) to operate satisfactorily in its environment without introducing unacceptable electromagnetic disturbance to, or being affected by, that environment – has a significant bearing on cable segregation, as David Oldfield of Draka explained in a previous VoltiBULLETIN. Here, the emphasis is more on segregation in terms of fire alarm cables:
The EMC Directive came into force throughout the European Community on the 1st January 1992, and it introduced new regulations for EMC in the UK and the rest of Europe. The idea was to remove the potential barriers to trade arising from the differing regulations across the EEC. The main concern by then was in terms of the impact on the operation of other systems, in particular those with a vital safety function. 
The general requirements of the EMC Directive regarding the performance of ‘apparatus’ are that it must be constructed so that:

(a)
The electromagnetic disturbance it generates does not exceed a level allowing radio and telecommunication equipment to operate as intended.

(b)
The apparatus has an adequate level of intrinsic immunity to electromagnetic disturbance to enable it to operate as intended.

The EMC Directive had implications for the cable industry, primarily in the area of the effect of interaction between cable circuits. Even if correctly designed and manufactured equipment is used, incorrectly installed cable connecting equipment to the supply could cause disturbance – possibly causing data corruption in a computer network. Another very important effect to consider is possible interference with safety circuits such as fire alarm systems. 

The latter became a major issue in fire alarm system design with the advent of addressable alarm systems in the early 1980s.  With the introduction of the EMC Directive, the concerns regarding the potential for interaction between power and data circuits gave rise to joint participation by the ERA / ECA / BCA in investigations concerning the definition of recommended cable separations in circuits so as to achieve EMC in buildings. At the same time, individual cable manufacturers were conducting their own investigations into screening efficiency of their products.

The ERA technology research programme was sponsored by the ECA, which was concerned that the importance of segregation be seen as paramount in ensuring that the effects of EMI are minimised, and the ECA was also concerned about guidance for installers.

The preliminary results of this work recommended the following minimum cable separation distances (in mm) for avoiding the effects of EMI on signal cables:

	Signal cable
	Power cable

	
	Twin (round) PVC Sheathed
	Twin & Earth
	Earthed conduit
	Earthed Trunking
	Steel Wire armoured
	MICC

	Twin (flat)

PVC sheathed
	160
	145
	145
	120
	105
	15

	Aluminium

Foil screened
	105
	80
	30
	35
	25
	15

	Twin (round)

PVC sheathed
	65
	90
	35
	25
	20
	15

	Unscreened

twisted pair
	60
	65
	25
	25
	15
	15

	Coaxial
	20
	20
	20
	15
	20
	15

	Screened twisted pair
	15
	20
	15
	15
	15
	15

	Steel-wire armoured
	15
	15
	15
	15
	15
	15

	MICC
	15
	15
	15
	15
	15
	15

	Minimum cable separation distances in millimetres


BS 5891-1 : 2002 Fire detection and fire alarm systems for buildings – Part 1 Code of Practice for system design, installation, commissioning and maintenance, in its 1988 edition noted under clause 17.10 (d) that:

(iii)
Fire alarm cables should not be readily exposed to electromagnetic disturbance, possibly emanating from other cables.

This clause was amended in January 1991, with an interpretation that compliance with clause (iii) above could be demonstrated by meeting the ‘spirit’ of the clause by determination by an appropriate body, or indeed by subjective judgement BS 5839-1 : 2002 notes under clause 26.2 (l):

To avoid electromagnetic interference with fire alarm signals, any recommendations by the manufacturer of the fire alarm equipment in respect of separation of fire alarm cables from the cables of other services should be followed.

It further notes under clause 26.2 (n) that segregation should be achieved by the use of cables complying with clause 26.2 (b) i.e. cables to BS EN 60702-1, BS 7629, BS 7846. This effectively recognises the screening efficiency of these cables for use in fire alarm installations without employing additional segregation. 

A more ‘purist’ view is that segregation should be practiced whenever possible so as to absolutely minimise the potential for interference. BS 5839 recognises that this is an ideal situation not always possible in practice, especially where alarm cables are retrofitted. 

Screen continuity and the effective earthing of screens, preferably through close continuous contact with a drain wire, is to be maintained.

Cable screening:

There are several ways of screening cable, and not all screen types are equal in screening efficiency, mechanical robustness and cost. The most common screens are wire braid, aluminium/copper foil tops helically applied with drain wire, longitudinally applied metal tapes and helical wire screens.

Screening efficiency can be measured in several ways and one of the most important methods used is the determination of Transfer Impedance. This is measured in units of milliohms / metre and is the voltage / unit length generated on one surface of a screen by a longitudinal interfering current on the other surface of the screen.  

Using Transfer Impedance results for screening efficiency, the following comparison can be made:      

	Comparative properties and costs of various shields

	
	Copper Braid
	Copper Wire
	Alum. Polyester/Foil with Drain Wire

	Shield effectiveness at audio frequencies
	Good
	Good
	Excellent

	Shield effectiveness at radio frequencies
	Good
	Poor
	Excellent

	Normal percentage coverage
	60 - 95%
	90 - 97%
	100%

	Fatigue Life
	Good
	Fair
	Fair

	Tensile strength
	Excellent
	Good
	Poor

	Cost***
	Most
	More
	Least


*** Relative assuming maximum coverage on braid and spiral wrapped shield.

The good screening properties of foil screens, together with the light weight and opportunity for compact cable designs, favoured their adoption for screening of fire alarm cables. Pliable versions of these cables are now unusually employing one variant or the other of the metal foil / polyester tape and drain wire screening system. Whilst giving 100% cover, having lower weights and bulk, foil screens have lower tensile strength, flexibility and fatigue life. Foil screens are usually composed of a layer of aluminium deposited on a polyester tape, although copper variants are available. Tapes intended for helically wrapped application have metal component thicknesses between 10 and 50 microns. Thicker components would cause unacceptable winding of the tape, leaving the potential for screen gaps.

Longitudinally applied screens can have thicker cross-sections, but are prone to limited flexibility and fatigue properties, and can have intermittent contact with the drain wires. The reduction in fatigue resistance increases as the screen thickness increases, and can give rise to handling and installation difficulties.

At higher frequencies, foil screen efficiencies improve up to 100 MHz, from 100 milliohms/m to 20 milliohms/m.  Above 100 MHz the Transfer Impedance increases but the screening efficiency is still better than braid.  

It has been effectively demonstrated, therefore, that by adopting good cable design principles and good installation practice, the adverse effects of electromagnetic interference (EMI) caused by cable interference in buildings can be minimised.

A fire alarm cable consequence:

As a consequence, the subject of EMC in relation to fire alarm cables is not one which has held prominence for nearly a decade. It has become widely accepted that, following the investigation described above and also by the testing conducted by individual cable manufactures, the screening efficiency of alarm cables is adequate for most applications. Levels of attenuation have been demonstrated to be similar to those required by data transmission and communication cable where security from induced noise is prerequisite. These results have concluded that additional segregation of fire alarm cables from those providing 240V AC lighting and small power supplies is unnecessary.

However, in a recent development, the EMC of fire alarm cable has been once again highlighted in the requirements for the Integrated Fire Alarm, Voice Alarm and Public Address Systems at Heathrow Terminal 5.
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Heathrow’s new T5 being built.

Draka’s Product Development department worked closely with customers’ technical teams, with regard to cable selection for these systems. It became apparent that, for the correct operation of both systems in an airport environment, the cable used should have a high level of electromagnetic compatibility. A number of cables were tested both in-house and at external regulatory testing bodies and it was found that the ‘Standard’ grade cables currently in the BAA specification gave results outside the required levels. Following discussions between Draka and the customer, Draka was able to develop a ‘Standard’ grade cable with superior EMC characteristics that would comply with BAA requirements, Firetuf EMC.  

High integrity EMC compliance for the addressable speaker loops which operate at higher frequencies than conventional fire detector loops was needed. Extensive testing using conventional fire cable, and also higher grade cables, had already been carried out but something was needed which provided the high quality and, at the same time, be a cost effective solution for the customer. Draka responded very quickly and provided samples of a hybrid solution from its existing portfolio - and Firetuf EMC was born.

External regulatory tests and internal validation test results indicated that Firetuf EMC is a robust, mid range cable which safeguards EMC performance necessary for today’s regulated electrical equipment installations. Draka’s technical and operational support, together with volume production based samples has enabled the start on the wiring installation on schedule.
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