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FOREWORD

Proper design, installation and maintenance of electrical systems for visual navigation aids, are prerequisites for the
Safety, regularity, and efficiency of civil aviation . To this end, this manual provides guidance on the design and
Installation of electrical systems for aerodrome lighting .

The electrical systems for aerodrome lighting include features which are not usually involved no the electrical
installations. This manual there for examines not only the general features of electrical practices and inst all ations, but
also those features which are of special sign ificance for aerodrome installations. It assumed that readers of the
manual will be familiar with electrical circuits and general design concepts, but may not be know ledge able of certain
features of aerodrome installations which are less frequentlyencounteredino the rinstallations.It is important to note
that the material presented in this manualisintendedtocomplementnationalsafetycodesrelatedtoelectrical

Installations .

This manual does not examine electrical systems for building slocatedatan airport. Similarly, this manual does not deal
With the maintenance of electrical systems . For guidance on this latter issue, there aderisadvised to refer to the Airport
ServicesManualEAC139.26

Furthermore, this manual does not examiner adionavigationalaids. Guidance on the design and the installation of
electrical systems for these aids will be developed at a later date.

IMPLEMENTATION

The material herein is in tend edtoprovideassistance to States for implementation of ECAR139
—Aerodrome Design and Operations, specification sandthereby help to ensure their uniform application. However, the
designer should be aware that local electrical codes maytake precedence.

FUTUREDEVELOPMENTS

In order to keep this manual relevant and accurate, suggestions for improving it in terms of format ,content or
Presentation are welcome. Any such recommendation suggestion will be examined and, if found suitable, will be
includedinregularupdatestothemanual.Regularrevisionwillensurethatthemanualremainsbothpertinentand
accurate .Comments on this manual should be addressed to:

The Secretary General

International Civil Aviation Organization
999Robert-BourassaBoulevard
Montréal,QuébecH3C5H7

Canada

Thenexteditionofthismanualwillincluderecommendationsof,andbein-linewith,thefuturelEC61820Standard
(system design and installation require ments for constant current series circuits for aeronautical ground lighting,
expectedfor2018).
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Chapterl

INTRODUCTION

1.1PURPOSE

1.1.1To ensure the safety of aviation, it is necessary that aerodrome lighting has a high level of integrity and
Reliability .It is considered that the probability of failure of well —designed and maintained lighting at critical momentis
Extremely low.

1.1.2The following material is intended as a guide to there commended electrical ngineer in gpractices for

Design and installation of new systems and the modification of existing systems of aerodrome fixed lighting. It does not
imply that exist in ginst all ations, if different, are wrong and should be changed automatically . It does mean that some of
the earlier designs adopted are not recommended for repetition since they have been super seded by later designs.
Because of the differences in engineering style and equipment in different States ,this material is intend edtoindicate
basic design principles. It is not intended to illustrate detailed design or particular pieces of equipment or systems unique
to any one State.

1.1.3 The electrical systems for aerodrome isualaids require good quality installations and consideration for

Features which are not usually involved in other electricalinst allations .This manual examines the general features of
Electric apracticesandins tall ations with emphasis on those features which are less commonly involved or have special
Sign ificance for aerodrome operations .It is assumed that those using this manual will be familiar with electrical circuits
And general practices, but may not be knowledgeable of certain features of aerodrome series circuitinst all ations, which
Are less frequently encountered in other electrical systems. Some of these features are that most electrical circuits are
Installed underground, series circuits are used for most lighting systems ,high erreliability is required of thein put power
Sources ,and rapid ,automatic transfer to secondary power in case of power failures . Each aerodrome is unique ,and its
Electrical in stallation should be designed to provide economical power and control which is safe, reliable, and easily
maintained.

1.20RGANIZATION OF THE MANUAL

This manuals organized as follows. Chapters 2tol4provide information on the aerodrome electrical systems with
respecttodesign;Chapterl5deals with acceptance testing of installed systems ,and;Chapterl6andChapterl7
pertain to troubleshooting procedures for series lighting circuits and the associated test equipment, respectively.
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Chapter2

METHODSOFOBTAININGINTEGRITYANDRELIABILITY

2.1DEFINITIONS OF TERMS

2.1.1Perhaps the most important objective for a designer of an aerodrome lighting system is to develop an

Installation having a high level of integrity and reliability .The seterms ,however, as applied to aerodrome lighting are not
Easily defined or measured . Previousef for tstodefine the seterms have concluded that reliability is a question of mean
Time between failures (MTBF) of components ,while integrity pertains to such matter sassurvival of the over all system
After failure .1t is considered that visual aids should have a comparable integrity and reliability to that aff orded by non-
Visualaids .Thus, reliability is affected by the selection of components and operationaluse ,and in tegrity is affected by
The design and installation of the systems and maintenance of the equipment .In general, it is considered that well-
Designed and maintained visual aids facilities have a very high level of integrity and that the probability of a failure
Occurring at a critical moment is extremely low .Never the less, all reason able efforts should be made to improve upon
integrity and reliability.

2.1.2Electrical factors which affect integrity and reliability may be classified as follows:
a)failure of the circuit;
b)failure of the power supply; and

c)failure of the control circuit.

2.2SUMMARY OF MEANS OF IMPROVING INTEGRITY AND RELIABILITY

Multiple circuits

2.2.1A standard practiceis to use several circuit ssoth at the failure of one circuit does not resultin the loss of

An entire lighting system. Four circuits are sometimes employed for approach and threshold lighting : one for the
threshold lights and three for the approach lighting system . The latter threcircuits are so designed that if one should fail
only every third barrette or every third light with in a barrette would be out of operation .For runway and taxiway lighting
systems, the light fixtures are alternately connected (interleaved) to two installed circuits.

2.2.2The practice of having each circuit feed a particular geographical section of the lighting pattern is not
Recommended because loss of one circuit can then reduce the system to less than what is necessary for pilot guidance.
For example , an approach lighting system composed of two circuits feeding the first and second portions can, upon
failure of one of the circuits, remove a critical half of the system needed during landing. Similarly, provision of two circuits
to half segments of a runway will, upon failure, leave the pilot without guidance during the touchdown or roll-out phase of
the landing. The objective of using multiple circuits is to maintain an adequate discernible pattern with the occurrence of
circuit failure.

2-1
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Multiple power supplies

2.2.3The reliability of power supply is obtained through use of an alternative source which is capable of

Automatically starting in case of a failure of the normal power . Equipment has been developed which will reducetoa
Very short interval the time between power failure and delivery of current from the alternative system .Switching rates as
lowas0.3t00.5seconds are being obtained for equipment installed in conjunction with precision approach runways.
Switching rates for other systems vary between 10to20seconds.Another procedure is to operate the secondary
Generator as the normal supply generator during critical times such as during low visibility condition so rwhen a storm is
For ecast. In case of a failure of the generator , the switch over is then made to the primary power supply . These
systems

and arrangements are examined in Chapter 3.

Alternate control supply

2.2.4Carefulattention is often given to the lighting circuits and their alternate power supplies ,but provision of

Alternate circuits for control softhe lighting systems from the control tower is sometime so verlooked . The probability of a
Control circuit failing maybe equal to that of alighting circuit failing ,and dual control circuit so rcommunication links
Should be provided.

Designing for integrity and reliability

2.2.5The design and installation of aerodrome lighting systems can affectintegrity and reliability in ways other
Than selection of components and interleaving of circuits .The sefeaturesare of ten the same as those used to reduce
and simplify maintenance .Some of the features determined in the design decisions are:

a)installing cables in conduits (ducts) instead of direct burial;

b)using in set lights instead of elevated lights in areas where surface traffic often collides with the light
fixtures;

c)providing ground-wire circuits throughout the system toreduce the effect so thigh — voltage surges due
to lightning strikes ;and

d)equippinglightfixtureswithheatingelementstoeliminatemoisturecondensationandicingproblems,
etc.

2.2.6In order toensure a high-level of reliability ,the designer should take in to consideration the environmental
Limitations of components of the system that are to be installed ,e.g .equipment that has an operational range of+0to
+50 degrees Celsius should be installed indoors. In the case of electron icequipment such as constant current regulators
And uninterruptible power supply equipment in the electrical vault ,means for improved ventilation may be required.
Although cable may be indicated as sit able for very low temperatures ,the possibility of ground movement in winter due
to frost, may indicate the use of ducts rather than direct burial.
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Designing availability

2.2.7The design decisions that affect integrity and reliability can also be related to the availability of the system

A(see form ulabelow),which can be expressed as aratio of the expected values of up and down time .The operational
availability, Ao would be expressed as the ratio of meantime between failure (MTBF) to the overall period composed of
MTBF plus the mean down time(MDT).The ratio can be optimized by minimizingheMDT through had equate provision
of materials ,tools, and trained personnel. In brief, the airport should be prepared to do repairs to bring the lightingacility
back into operation within a minimum period of time.

A =E (UP time)/(E (UP time)+E (DOWN time) )

A0 =MTBF / MTBF + MDT

Issue 6, Rev. 3 Dated Oct., 2020 Page 16



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

Chapter3

ELECTRICITYSUPPLIES

3.1GENERAL

The supply of power for aerodromes should be determined before the design of the aerodrome lighting install ationsis
Initiated .The electrical power requirement for viualaids lighting facilities is usually only a small part of the total
Electrical power used by the aerodrome. Whether the visualaids being installed are for a new aerodrome or for

Mode rnization and expansion of an existing aerodrome ,the sources of power should be analysed for availability,
capacity, reliability, and practicality for the proposed in stallation and for future expansion .This analysis should include
consideration of the requirementsin Table8-1for useincases of failureormal function of the

normal power supply.

3.2SOURCES OF POWER TO THE AERODROME COMMERCIAL/PUBLIC POWER SOURCE

3.2.1Most aerodromes obtain power through means of feeders from an inter connected electricity network

Outside the aerodrome .Form ajor airports ,It is desirable to have at least two in dependent incoming power sources
Coming from widely separated sections of the electricity network beyond the aerodrome , with each supplying separate
Substations on the aerodrome property. Because the outside network is usually nter connected ,in reality it may not be
Possible to identify sections that are truly independent .Selection is ,therefore ,on the basis of least rob ability of
simultaneous failure of both sources.

3.2.2Power to the aerodrome main power substation is usually supplied at a high voltage (over5000 volts).The
Voltage is reduced at the aerodrome substation to an intermediate voltage(2000to5500volts)for distribution within
The aerodrome . A further step-down of voltage may be necessary to match the require edit put voltage of visual aids
equipment.

3.2.3Within the aerodrome ,reliability of the supply of power to the individual stations can be improved by using
Aclosedringhigh-voltage in put circuit with balancedvoltageprotectiononthedistributiontransformersorbyusinga

double loop system from independent primary sources operating as openings fed from twotransformersat each station.
With the use of centralized monitoring of fault cur rents and there by operation of transfer switches within the loops, the
Impact of power failures can be minimized. Simple rarrangements providing less erreli ability may be used at smaller
airports.

Independent local power source
3.2.4In addition to a public source ,some aerodromes, for economic reasons , may have their own plant facilities

For the supply of power. The local power source may be in the form of a diesel — electric generator unit ,gasengine ,
turbine generator or even a solar power plant, such as that shown in Figure 3-1Aerodromes,due to their in herentnature ,
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tend to have large areas of open unused land . Solar power plants should be designed /or iented so as to avoid possible
glare to pilots, glare to the control tower and interference with electronic navigational aids at the aerodrome.

Figure 3-1.Solar power plant — Neuhardenberg Airport, Germany, 1.4 megawatt
(photo source: power-technology.com)

3.3POWER SUPPLY TO AERODROME VISUAL AIDS

3.3.1Table3-2,reproduced fromTable8-1of lists the provision of a standby power supply

For certain aerodrome lighting facilities(i.e .no precision approach, precision approach Category |,precision approach
Category ll/llland runways meant for take-offinRVRconditionslessthanavalueof800m).The design objective for

The lighting system is such that ,upon occurrence offailureormal function of the "normal” supply ,automatic transfer
takes place to the "standby" supply within a specified period of time.

3.3.2lt is of importance to note that the designations of "normal” supply and" standby” supply are simply abels

That are applied to power sources as appropriate for the mode of operation and inter ruption time .Typically , an
Aerodrome would have a public power source and diesel- electric generator unit or interruptible power unit(IPU)for the
Lighting systems .AsshowninFigure3-2,inthecaseofnon-precision approach and precision approach Categoryl ,the
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IPU would be labeled as "standby “and the public power source as “normal”, the reason being that the IPU can be
Started and stabilized within the maximum time period of 15seconds.In the case of precision approach Category I/l
And for take-offin RVR less than 800 m ,the stipulated transfer time of 1secondrequires that the IPU first be brought

In to operati

On ,thuslabelledas "normal "and the public power source labeled as "standby" .Other options include the

Method of powering from static uninterruptible power unit (SUPU) for lighting that needs a maximum 1-second
Interruption. Compared to the method in which an IPU is first activated ,this method is favourable in terms of fuel cost
And environmental benefit .The airport should select the most suitable method taking in to consideration power supply
Conditions and cost-performance for the site.

Constant current regulators (CCRs)
/

Public source | Nomal Normal ‘

CCRs 0D CCRs

Standby

Standby |
@ initial @ transfer

(a) Category | - 15 second switchover

Public source

Standby ‘ Standby

D CCRs CCRs
Normal Normal

@ initial . transfer

(b) Category I/l - 1 second switchover

Figure 3-2. Normal and standby power supply
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3.3.3 A simple way of looking at this is to consider "supply" as the electricity itself and “source” as the origin of

The supply. Which source is the origin of which supply (normal or standby) is dependent upon the mode of operation as
Shown inTable3-1.The terms "primary" and" secondary" tend to be considered as permanent labels as to identify
Specific equipment ,where as the operational use of the terms "normal" and" standby" could be more appropriate since
they point to the operational use of the equipment.

Table 3-1.Supply versus mode of operation

Operation Normal supply Standby supply

Category | public power source local generator

Category Il /11l ocal generator public power source
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{IPU supplies CCRs)

Figure 3-4. Operation with UPS

Public source
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Standby
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|—]
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Runway touchdown zone
centreline lighting

CCRs
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Figure 3.5. Separation of lighting facilities

Issue 6, Rev. 3

Dated Oct., 2020

Page 22



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

3.3.4A second public power source maybe designated for service as the standby supply .However, such design
Approachnecessitatesa high level of service .The integrity of operations provided by in dependent public power sources
Depends on the separation and independence of these sources .If both come fro minter connected distribution networks,
Afailure in the network may cause both sources to fail .In addition ,the alternate sources may not be in are serve status
Only and maybe supplying electrical power to the rfacilitieson the aerodrome .The latter should have adequate

Capacity to provide the power for essential aerodrome lighting aids when required .As well ,attention must be paid to
Coordination of protective evices such that the failure of anon-essential load does not lead to complete loss of the
supply including that to the visual aids.

3.3.5 Although the use of a second public or local in dependent power source is feasible ,it is preferable that the
Aerodrome visual aids be provided with its own local power source in the form of an engine —generator set with capacities
rangingfrom50tomorethanl 000 kVA .This local power source should be capable of supplying power for a time

period that exceeds the maximum time needed to restore power from the primary source .Engine- generator sets are
often expected to operate for 24 to 72 hours without refuelling.

Synchronization

3.3.6Asanalternativetoseparateswitchingofthenormalandstandbypowersupplies,theemergencypower

unit (IPU) maybe synchronized with the public source ,i.e. coupled together to operate in unison, as showninFigure3-3.
This of fers better efficiency of the generated power and eliminates in terruption of power supply to the constant current
regulators(CCRs).Inthiscase,labellingfora“normal”or"standby"supplyisnotused,sinceinasenseeitherlabel

would apply.

3.4UNINTERRUPTIBLEPOWERSUPPLY

3.4.1Anotheralternate method utilizes an uninterruptible power supply(UPS)(sometimes called uninterruptible

Power source or uninterruptible power system).As shown in Figure3-4,for initial operation the public source is the
Normal supply to the CCRs .With failure of the public source a two -step process then takes place .InStepl,the UPS
Provides power to the CCRs .This step may last for 15t030 minutes or more depending upon the size of the batteries.
Prior to exhaustion of the batteries, the IPU is started so that it is available to take over the loadin Step 2.

3.4.2In as much as the CCR sare not exposed to an interruption for start-up of the standby supply ,the process

Can similarly be applied for Category/Ill operations. The benefit for the airport is two-fold .Since the IPU is the standby
Supply for Category II/Ill ,its hour so f operation are substantially reduced leading to economies for fuel consumption and
Maintenance .Reduction occurs as well for Category | operation ssince the UPS can provide power for failures of the
Public csource which are less than 30minutes.The associated benefitisenvir on mental in that are ductionin hours of
operation of the IPU also reduces emissions and thus the carbon footprint of the airport.

3.4.3 A fur the roptimized method to meeting required in terruption time is to separate particular lighting facilities
such as that for runway edge and runway centre line/touchdown zone lighting, as shown in Figure3-5,so that the latter is
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supplied by the UPS .In this fashion, the IPU serves as standby for all facilities under Category Il operations according to
ECAR139,Table8-1.When transfer occurs ,the UPS provides power to the runway centre line/touchdown

Zone lighting to meet thel-second requirement whilst the runway edge lighting waits through the15-secondstart-upfor
The IPU.

3.4.4The UPS often comes in the form of an electronic package with a battery bank for storage of energy and is
Referred to as static uninterruptible power unit (SUPU).AUPS consisting of an engine and an electric generate or with a
Fly wheel for storage often ergy is a rotary uninterruptible power unit(RUPU).The RUPU ,used at numerous airports ,lost
Popularity due to a variety of issues , albeit it is binger —considered more often today due to advancements in the
technology.
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Figure 3-3. Synchronization of sources
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Table3-2.Secondary power supply requirements for visual aids
(Extract of Table 8-1 of
)
Maximum

Runway Lighting aids requiring powers witch overtime

Non precision approach lighting
systeml5seconds

Visual approach slope indicators(a)(d)15seconds
Runway edge (d)15seconds

Runway threshold (d)15seconds

Runway end15seconds

Obstacle (a)15seconds

Precision approach lighting
systeml5seconds
Category | Runway edge (d)15second

D
Visual approach slope indicators(a)(d)15seconds
Runway threshold (d)15seconds

Runway end15seconds

Essential taxiway (a)15seconds

Obstacle (a)15seconds

Precision approach Inner 300 m of
the approach lighting systemlsecond
Category II/1ll Other parts of

the approach lighting system15seconds

Obstacle (a)15seconds

Runway edgel5seconds

Runway threshold1second
Runway endlsecond

Runway centrelinelsecond
Runway touchdown zonelsecond
Allstopbarslsecond
Essentialtaxiwayl5seconds

Runway meant for take-off in runway
edgel5seconds(c)
Visual range conditions less than

a Runway endlsecond
valueof800mRunway centre linelseco

nd

Allstopbarslsecond

Essential taxiway (a)15seconds
Obstacle (a)15seconds

(a)Supplied with secondary power when their operation is essential to the safety of flight operation.

(c)One second where no runway centre line lights are provided.
(d)One second where approaches are over hazardous or precipitous terrain.
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Transfer (switch over) time requirements

3.4.5When the normal power source for critical is unlades fails ,the load must be transferred to the standby
Power source .In the case of a local power source such as a diesel —electric generator unit ,this source must be started,
Brought up to speed and the voltage output stabilized before the load can be transferred.

3.4.6The"maximum switch over time ",asillustratedinFigure3-6,is defined as the duration for the measured

Intensity of alight to fall from 50 percent of the original value and recover to 50 percent during a power supply

Change over when the light is being operated at intensities of 25percent or above .It is not the time for an electrical
Transfer to occurring the vault. As such ,the switch over time is really an interruption time but of the light output rather
than

Of the electricity. The time can be verified by a measurement of photometric output from a light in the field or a sample
lightinstalledinthevault.ltistobenotedthatwithswitchover,theoutputofanincandescentlightdoesnotactuallygo

to zero due to the rmalinertiain the lamp filament .This may not be the case for LED lighting for which inductance in
the circuit aypayamoremportantrole.

3.5EQUIPMENT
Components
3.5.1The components of the electrical power system should be of such quality that they will provide the
Reliability ,availability ,and voltages and frequencies needed by the facility .The major item so equipment commonly

Used for aerodrome lighting are engine —generator sets ,power-transfers witching devices to furnish power for starting the
engine generators, and vaults or shelters for this equipment.
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Figure 3-6. Transfer (switch over) time characteristic
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Engine-generator set

3.5.2The basic secondary power source is an engine —generator set consisting of a prime mover ,a generator ,a
Starting device, starting controls ,and afueltank .Engine-generator sets for secondary power units are usually rated at
100 to 500 kVA capacity, but may range from 50 to 1000kVAincapacity.

a)Prime movers .The prime movers for most secondary power unit saregaso line ,diesel ,or gas engines

or gas turbines ,the choice being based on cost and availability of fuels .The seprimemovers are
usually available in standardized sizes with adequate power to handle the kilovolt-ampere rating of the
generator. The prime movers form ostmajorae rodromes are rapid-start types which can start
automatically, stabilize their speed, and be connected to the load within 15 seconds.

b) Generators. The generator, usually an alternator ,is mechanically coupled to the prime mover and

provides secondary electrical power at the frequency, voltage ,and power rating of the unit. They may
beei the rsingle-phase or three-phase generators .They should have high efficiency in converting
mechanical energy to electrical energy (see Figure 3-7).

c)Starting devices .Most secondary power engine-generator sets use battery packs to store energy for

starting .Due to infrequent use ,short operating periods ,high starting current demands and cost ,lead-
acid type batteries are used most frequently for starting these units. The battery pack (oftenest of
batteries connected in series and/or parallel) must be capable of providing the voltage and current
needed to start the engine within the required time limits and under the most severe conditions
(usually at a low temperature of-7°C) at which the secondary power unit is expected to operate .A
Battery charger with over current and over charge control is permanently connected to the electrical
Power to maintain the stored energy in the batteries .The battery pack should be well —ventilated to
Prevent accumulation of hydrogen gas and should be protected from arcs ,sparks or flames which
Could cause an explosion of any accumulated gas .Nickel- cadmium batteries may be used where
Special conditions warrant their high initial cost . Flywheels , pneumaticressure vessels , other-than-
battery stored energy devices are used infrequently for engine starting because of unreliability or cost.

d) Starting controls .The controls for the engine-generator set are usually an automatic start with a

sensor for primary power failure as part of the transfer switching device. Manual or remote controls are
sometimesusedforfacilitieswithlowcriticalrequirements.Onceitisstarted,speedandpowerare
automatically regulated by the engine and the electrical load is connected by the transfers witch .The
engine generator should operate automatically without adjustment or other attention .Transfer of
power back to the public source and stopping the engine may be automatic or by remote control.

e)Fuel supply .Liquid fuel for the IPU is usually stored in tanks near the engine generator location .The

capacity of the fuel tanks should be adequate for the maximum operating time expected of the engine-
generator. Some authorities require a minimum of 72 hours supply. Others design for a lesser time
period ,but the time period usually should be at least twice the maximum duration expected of
conditions that could require the use of secondary power .The facility is sometimes provided with an
outside fuel tank and a smaller inside "day tank". Fuel tanks and connections should meet all safety
requirements and should provide convenient access for refueling .The setanks should also be
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designed to provide arrangements for testing for contamination of the fuel ,especially the accumulation
of water in the tank.
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Figure 3-7.Diesel-electric generator set (source: Toronto International Airport)

Power transfer switching

3.5.3 A suitable transfer device is needed for transferring power from the normal supply tothest and by supply.

Form anualstarting and control this may be a simples witchorrelay that disconnects the load from one power source
And connect sitto the other .Addition alcontrolsare needed for automatic transfer .These are usually combined into a
Single control unit or cubicle .Such a unit should be capable of sensing the failure of normal supply , initiating the starting
Of hestand by unit, determining that the voltage and frequency of the generator have stabilized adequately ,and
connecting the load to the generator .This unit may also disconnection -essential loads and facilities which are not to be
energized by the stand by supply and transfer the seloads back to the normal supply afterithas been restored .The
switch esorrelays for disconnecting and connecting the load should have the capacity to handle the rated load of the
generator. The functioning of these switch esorrel aysissimilar for either thel5-second,orl-second transfer times,
although more rapid-acting relays may be needed for the shortest transfer time .Foral5-second transfer ,the sensors
must responding less than3 seconds each because the quick starting engines need atleastl0seconds to start and to
stabilize(seeFigure3-8).
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Figure 3-8.Transfer panel (source: Toronto International Airport)

3.6VAULTS AND SHELTERS FOR ELECTRICAL EQUIPMENT

Shelters

3.6.1Most electrical equipment for airport lighting and other facilities is located in vaults or special shelters for

Protection from the weather and for better security .Substations for high voltage are usually outdoors while medium
Voltage distribution trans formers are often placed on fenced trans for merpads .Most electrical vaults are aboveground
And made of fire proof materials .Reinforced concrete for the floors ,and concrete or cinder block and/or brick for the
walls, are materials commonly used in the sevaults .The use of such materials reduces the hazard of electric shock,
shorting of electrical circuit sand fire hazards .Prefabricated metal structures are occasionally used as shelters for

trans for mers and engine- generator sets .The sevaults are used to house the power distribution and control equipment,
secondary power equipment and the various devices used to provide power and control for the airport lighting systems.
The vaults should be of adequate size to contain the necessary equipment without crowding and may be divided into
Rooms for better segregation of equipment and activities. Figure 3-9 is an example of an electrical vault.
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Figure 3-9. Electrical vault (source: UFC-3-535-01)
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: UFC-3-535-01)

Location

3.6.2 Electric a vaults should not be located where they would infringe on obstacle limitation surfaces. The

Distances from the control tower to the vaults should be short enough to avoid excessive volt agedropin the control
cables. The permissible length of these cables varies with the size of the cable ,the control voltage and the types of
control relays used .However, some of the longer control systems limit the length of control cables to about 2250m.
Vehicular access to the vault sin all types of weather conditions is necessary and minimum conflict with aircrafttrafficis
desirable. The location should be convenient for connecting to the appropriate lighting circuits and facilities while
keeping feed erectable lengths as short asispractical.

3.6.3 The vaults should be is olated from other buildings and facilities to prevent the spread of fire so explosions,
Except the shelters for secondary engine-generator sets may be near the electric alvaultt or educe cable length and size
and to simplify the power transfer system.

3.6.4 Aerodromes with approach lighting systems may need separate approach lighting vaults for each approach
Lighting system .Form ajoraerodromes ,some authorities use a vault near each end of the runway or approach lighting
system to more easily arrange for interleaving of the lighting circuits and to improve integrity of the systems.

3.6.5 In some States ,the term field electric centre(FEC)is used .The term refers to the location atornear the
centre of the airfield from which the length of feeder cables to the lighting loads would be minimum.
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Special provisions

3.6.6Asspecialpurpose buildings ,electric a vaults may require special features to provide safety and reliable
Performance of the equipment(seeFigure3-10). Some of these features are as follows:

a)Ventilation .Provide adequate ventilation to prevent transform ertemperatures exceeding the values
prescribed by the equipment manufacturers .Most of the electrical heat losses must be removed by
ventilation ;only amino part can be dissipated by the vault walls .Some electrical codes recommend
20 cmPofclear grating are a perk VA of transform ercapacity .In localities with above-average
Temperatures ,such as tropical or subtropical areas ,the grating area should be increased or
supplemented by forced ventilation.

b) Access .Adequate access should be provided for repairs ,maintenance, installation and removal of
equipment. Sufficient access should be provided for bulk fuel delivery (e.g. tanker fuel truck).

c)Drainage. All vaults should be provided with drainage .When normal drainage is not possible, provide
a sump pit to permit the use of a portable pump.

D )Security .Each electrical vault should be equipped to deter inadvertent or premeditated access by
Unauthorized persons .This security is necessary to prevent interference with equipment operation and
To protect those persons from possible electric shock. Some methods used arebarred and screened
windows, heavy-duty metal doors with padlocks and security fencing.

e)Vault lighting .Electric a vaults should be well-illuminated for use during dayornight. This lighting is
usually provided by interior lights of a size, type and location to provide good visibility in all areas. Poor
visibility can increase the potential for accidents resulting in electrical shock or improper control and
adjustments. The vault should be provided with emergency lighting that will be operational upon failure
of the main power supply.

f)lLocal communications .Most electrical vaults should be provided with convenient and reliable
communications to the control tower, other vaults and perhaps the rfacilities or offices .Special
telephone orinter communication systems may avoid outside interference with the secircuits ,but other
depend able arrangements can be used.

g)Electrical conduits .Electric a vaults should be provided with a sufficient number of conduits and cable
entrance accesses to avoid later modification of the structure to permit the installation of additional
input or output circuits .These cables entrances are usually through underground conduits which may
be connected to existing cable ducts, direct burial cables, or unused conduits available for future
expansion .Unused conduits should be plugged and conduits with cables should be sealed.

h)Installations of equipment. Arrange the equipment ,especially the larger items such as regulators,
distribution trans formers, control panels and circuits elector or control devices ,to provide simple,
uncluttered plan. This arrangement should consider safety, especially protection from high-voltage
electric a connections ,as well as access to the equipment and controls .The electrical circuits should
alsobearrangedinasimplepatternwhereverpossible.Followtheapplicableelectricsafetycodesfor
installing all electrical circuits and controls. Anoverheadrail - mounted hoise should be provided to
facility ate maintenance on the diesel generators.

i)Where the engine generator and switch gear relocated in as eparateenclo sure from the constant
current regulators ,interconnection should be made by means of placing the feeder in a concrete
encased duct or steel conduit, without splices or intermediate manholes .If their location is relatively
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remote, connection should be made by means of dual feeders.
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Figure 3-10. IPU configurations
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Capacitors

3.6.7Typesofcapacitors.Uses hunt capacity or stoimprove the power factor of the load carried by the circuit .In
applying capacitors, consider the following:

a)Fixed capacitance .Fixed capacitance is the amount of capacitance that can be applied continuously
without excessive voltage rise at reduced load.

b)Switched capacitance .Switched capacitance is an additional amount of capacitance that can be
applied, if provision is made to switch off this additional amount at reduced demand.

c)Capacitor switching .Selecta type of capacitor switching that is suitable for the specific condition.
Possible choices include eremote control of the capacitor switch in device ,time-lock control ,power-
Factor relay control or voltage- sensitive relay control.

3.6.8Locationofcapacitors.Installcapacitorsinbanks,atgroundlevel, or in substation as near as possible to
the centroid of the area where connection is required.

3.6.9 Switches. Use switches to localized effective portions of aerial and underground circuits and to accomplish
dead-circuit work .Select from one of the following principal types:

a)Non-load-break switches. Use non-load-break switches only for the interruption of circuits that carry no
appreciable load .Select the type applicable ,depending on circuit importance ,load ,voltage and fault
circuit duty .The types available are porcelain disconnect fuse cut-outs, plainer used single pole air
disconnect switches and disconnect fuse cut —out so various types .Disconnecting and horn-gap
switches may also be used as non-load-break switches. All such non-load-break switches should have
a closure rating that is greater than the short circuit current available on the circuit.

b)Load-break switches. Load-break switches are provided with an interrupting device cap able of
disconnecting circuits under load .Fuse cut —outs ,which are designed to be load-break and load
interrupter switches, are available. Vacuum switches also provide load-break capability.

3.6.10Counters .A sameans of maintenance, event counters and elapsed time counters maybe installed in the
Electrical equipment(seeFigure3-11).
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Figure 3-11.Elapsed time counter
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Chapter4

DISTRIBUTION OF POWER

4.1GENERAL

The equipment examined in this section elates to that used in transmitting electrical power for aerodrome lighting
Between the main aerodrome substation(s)and the lighting vaults or the local sited is tributiontrans formers. Descriptions
Of equipment are in general terms of characteristics and needs and usually are not related to specificity pesor items of
equipment. Types of equipment and number of devices will vary greatly with the size and complexity of the aerodrome.
Economics is an important part of the installation criteria and only equipment that contributes to performance, safety,
Reliability and integrity should be used. The circuits and equipment used should provide for are asonable expansion of
facilities. Efficient use of electrical power is always a desirable goal, but the power cost for aerodrome lighting is usually
arather small part of the total aerodrome energy cost and should not be emphasized to the point of overly increasing
installation costs or of diminishing per for mance, safety or reliability. Local electric safety codes should be followed (see
Figure4-1).

4.2PRIMARY POWER FEEDER CIRCUITS

Primary power is usually reduced in voltage at the main aerodrome substation for distribution on the aerodrome. For
Major aerodromes, this power at the first stage maybe at anointer mediate volt age(usually5000t020 000volts),but for
smaller, less complexes odromes ,the power may be distributed at medium volt age (usually1000to5000volts).The
distance and to tall radon the circuit are important factors in determining the voltage level of transmission .For
intermediate-voltage distribution systems ,power is often run to substations where it is reduced to medium voltage for
local distribution .A combination of the sevoltage distribution systems may be used. Primary power is trans mitted from
the main substation to the local substation or distribution sites usually as multi-phase circuits by above ground (overhead)
circuits, underground circuits, or a combination of these .Above ground circuits are less expensive to install and are
usually use diffusible ,but the secircuits may be more exposed to damage and ,in some areas, are a hazard to aircraft
and create electromagnetic interference for other equipment. Power lines that extend into or near the maneuvering are a
are of necessity installed underground .Underground feeder cables are usually in stalled inducts ,but sometimes direct
burial is used .Each type of circuit, whether overhead or underground, involves specific types of equipment and design.

4.3ABOVE GROUND (OVERHEAD) PRIMARY DISTRIBUTION SYSTEMS
The following factors should be considered in the design of a power distribution system:

a)Application .Use over head distribution in lieu of underground distribution whenever feasible. Overhead
distribution should be avoided for locations on airport property.

b)Capacity. Provide for spare capacity in each portion of the circuit. Peak load sdonotre late directly to
spare capacity.
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Figure 4-1. Power schematic

Public Wire size .Select the wire size in accordance with the current carrying capacity required and, where
applicable, the voltage-drop limitation.
d) Hazard to aircraft. The design of an over head distribution system must respect the requirements of

obstacle limitation surfaces In some cases, over head distribution may be unaccepted able due to
helicopter operations.
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4.4LINE-VOLTAGE REGULATORS

Regulators are used for correction of line -voltage variations resulting from changing loads or utility company in put
Voltage changes .Do not use the seregulators to correct for excessive voltage drops. Boostertrans formers which correct
For voltage drop should be used only in rare instances as ,in most cases ,correct design eliminates excessive voltage
drop.
a)Rating .Choose the rating of the regulating devices in accordance with the amount of regulation
required.

b)Selection .Choose the type of regulators ,fixed capacitors ,switched capacitors ,multi-step (motor-
driven tap changing) regulators and induction(step less voltage change) regulators.

c)Multi-stepor induction regulators .Provide line —drop compensation for automatic operation when these
regulators are used on more than one source or when more than one regulator is used on a single
circuit.

4.5POWERLINES

Select the type of power lines in accordance with the type of circuit involved and the conditions to which it is subjected
from the following:

a)Open wire (bare or weatherproof) on insulators.

b) Aerial cable ,self-supported or supported by a high strength steel (messenger)cable ,consisting of
insulated,bundled,single-conductorcableormultiple-conductorcable.

4.6LINE SUPPORT MATERIALS

Mention is made herein of pole —mounted equipment for the sake of completeness. Pole -mounting, however, should be
Avoided particularly near the approach and maneuvering areas.

a) Poles. Wood, reinforced concrete ,or metal (steel or aluminum) may be used. Concrete or metal poles
should be used only where they are more economical or special considerations warrant their use.

b) Footings. Provide footing so reinforcements of the pole butt —end ,as required by foundation
conditions.

c) Configuration. Arm less construction for aerial lines is usually less costly hancrossarm construction
And it suseispreferred , asismulti -conductor secondary cable with alargeneutral conductoras the
Supporting member over individual supported conductors. Use cross arms mainly for equipment
support.

d)Guysandanchors .Provide guys and anchors to support poles or line to we rsagainsthorizontal
unbalanced loads caused by angles, corners and termination so flines and where required because of
extreme wind loadings .Consultmanufacturers'catalogues for type so fear than chorsanddesignd ata.
Select equipment suitable for the particular soil conditions and the construction method to be used.
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e)Aerial markers .Depending upon location ,above ground power lines may require the installation of
markers, e.g. sphere, in accordance with State obstacle lighting and marking standards.

4. 7CONDUCTORS

4.7.1Selectpole- line conductors with consideration of installation, operational and maintenance points of view.

Special in stances may require larger conductors .In all instances be sure that the type and size of conductors used
Provide sad equate strength for the span lengths and loading conditions.

4.7.2In special instances, use of the following conductors may be appropriate for primary conductors:
a)lnsulated conductor ,copper or aluminum ,preassembled on-metallic-sheathed or metallic-sheathed,
steel-cable-supported(messenger-supported)aerial cable is used where necessary to avoid exposure
to open wire hazards, for example, high reliability service in heavy storm areas.
b)Compound conductor materials such as copper-clad steel ,aluminum —clad steel ,galvanized steel ,or
bronze reused to provide high strength and corrosion resistance.

Dissimilar conductors

4.7.3Where it is necessary to connect aluminum conduct or stocopper conductors, appropriate connectors
specifically designed for such use should be installed in accordance with the instructions of the manufacturer.

4.8TRANSFORMERS

Mounting of transformers

4.8.1Mounttransformerson poles rat ground level. When sheet-metal enclosures are not tamperproof, ground

Mounted units should be provided with a fenced enclosure .A concrete or brick structure should be used where adverse
weather conditions make such an installation advisable.

a)Single-pole mounting .For single —pole mounting ,limit the size of single-phase or three-phase units in
accordance with approved practices.

b)Pole-platform mounting .Pole-platform mounting (two-pole structures) should not be used, excepting
instances where other methods are not satis factory. For installations of 2250r500kVA,pad-mounted
compartmental-type transformers become a desirable economic alternative to pole-mounted units.

¢)Ground mounting .For ground mounting on a concrete base, there is no kilovolt- amperes limit. Usually

tamper proof trans formers( classified as pad- mounted compartmental- type units)should not be
specified for ratingsofover500kVA.
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Ratings
4.8.2Select trans formers with standard kilovolt —amperes rating sand input and output voltage as single- phase or
three-phase units .Transformers within put voltage taps for selecting the most suitable in put volt age level may be
desirable for some installations.
Indoor installations

4.8.30il-immersed (flammable) trans formers should not be installed indoor excepting vaults conforming to the
requirements of the applicable electrical code. Such vaults should be provided only when other types of transformers are
less economical or are prohibited by special considerations .Where such a vault is not provided ,select transformers for
indoor installation from the following:

a)high-fire-point, liquid-immersed;

b)dry-type, ventilated;

c)dry-type, sealed tank; and

d)non-hazardous gas-insulated.

Toxic insulation fluids

4.8.4The trans formers should not use poly- chlorinated biphenyl (PCB) or other highly toxic insulation fluids.
Leakage or mishandling of the sechemicals during maintenance testing can be hazardous to personnel.

4.9CIRCUITINTERRUPTIONDEVICES

Fuses

4.9.1After consideration of the necessary current carrying capacities ,interrupting duties, and time-current
melting and clearing characteristics, select fuses from the following types:

a)open fusible link;
b)expulsion type;
c)boric-acid type; and

d)current-limiting type.

Circuit-breakers

4.9.2Coordinate the circuit- breaker rating with the load interrupting duty and with circuit- breakers and fuses
Ahead for after the circuit-breaker.
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Automatic circuit recloses

4.9.3Use of automatic recloses for other than over head line loads may cause problems from high- resistance

Ground faults .If an automatic circuit reclose is used ,consider their liability and continuity requirements of the service.
Recloses may consist of a circuit-breaker or multiples witching devices .Reclose rso perate so that a faulted circuit may
Be opened and then ,eitherinstantaneously or with deliberate time delay, reclosed. Up to three reclosures with varying
Time intervals may be used. Automatic circuitry closers should be coordinated with fuses or circuit- breaker son the same
circuit.

Switches

4.9.4Use switches to localize defective portions of aerial and underground circuits and to accomplish dead-
circuit work. Select from one of the following principal types:

a)Non-load-break switches. Use non-load-break switches only for the interruption of circuits that carry no
appreciable load. Select the type applicable ,depending on circuit importance, load, voltage and fault
circuit duty. The types available are :porcelain disconnect fuse cut-outs, plain or fused single - pole air
disconnects witches and disconnect fuse cut —outs of various types .Disconnecting and horn-gap
switches may also be used as non-load-break switches.

b)Load-breaks witches. Load-breaks witches are provided with an interrupting device capable of
disconnecting circuit sunder load .Fuse cut —outs ,which are designed to be load-break and load-
interrupterswitches,areavailable.Vacuumswitchesalsoprovideload-breakcapability,however,
the seamy needs urge protection devices to eliminate transients.

4.9.5Circuit interruption devices should be of the plug- in withdraw able type, to permit quick replace men incase
of failure.

4.10LIGHTNING PROTECTION

4.10.1To determine the requirements for lightning protection, consider over head ground wire, open or expulsion

gaps, and distribution —type surge (lightning) arresters. The weather should also be considered .Protection for lightning
induced surges may be unnecessary in areas where annual lightning storms are few . Administrative policy or local
electric power company practice should usually be followed .Select the proper arrester in accordance with the chosen
basic impulse insulation level for which the circuit must be built.

4.10.2The keraunicleveldescribes the lightning and thunder activity in a given area . It is defined as the annual
Number of days where thunder can be heard. This number in some areas will vary significantly and the kerauniclevelis
The long-term average .Intemperate regions ,the value is 10to30 ;in the African rain forest ,value sexceedingl180can
bereached.Theannualnumberoflightningflasheshittingonesquarekmofground, Ng,canbecalculatedfor

temperate regions using the following formula:

Ng=0.04T4 "%
whereTgisthe kerauniclevel.

Note.— In application ,the kerauniclevel has been used to set standards for the safe design of electrical
systems in structures connected to the local power grid. Sources:EN61400-24,IEC60664-1andIEC60364-4-44.
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4.10.3The more lightning strikes per year, the higher the risk of the lighting facilities on the airside being hit :the
Following figure shows the map of the world with isokerauniclines (i.e. lines of the same number of lightning days per
year) superimposed nit .For each area , amoreaccurate map should be available at the weather institute of the State.
Some available charts show flash density or number of flashes per square kilometer per year (see Figure 4-2).

4.11CLEARANCES

Provide the necessary horizontal and vertical clearances from adjacent physical objects ,such as buildings ,structures
And other electric lines ,as required by the applicable electrical safety code .Provide against contingency interferences,
Such as broken poles ,broken cross arms and broken circuit conductors. Provide for clearance conditions arising from
Multipurpose joint use of poles. See the applicable electrical safety code for climbing space clearances , joint use and
supply conductor protection.

Figure4-2.1so-Kerauniclines(adaptedfromWMOpublication21(1956))
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4.12GROUNDING

4.12.1For information on grounding of over head distribution systems ,use the applicable electrical safety code or
Administrative policy .Also refer to IEC60364 , Electrical in stallations for buildings .For safety ,provide grounding for all
Equipment and structures associated with electrical system stop event shock from static or dynamic volt ages. Maximum
Ground resistance should not exceed values specified in the applicable electrical safety code .Consider the source of
electric power, capacity, magnitude of fault current and method of system grounding, as they affect this resistance.

Ground rods

4.12.2Groundrods may be used either singly or in clusters .Drive the ground rods to ground water level for an

Effective and permanent installation .Provide for corrosion prevention by a proper choice of metals or by cathodic
Protection .Where ground water cannot be reached ,chemicals such as magnesiumsulphate (MgSOs) or copper
Sulphate (CuSQO4) may be used to improve soil conductivity where necessary .Manufacturer sofgroundrods can provide
Data on such treatment .Provide for easy maintenance and periodic testing .Although driving ground rods deeper
(sectional type) may be more effective than multiple rods, in many cases, soil variations and possible bedrock may make
provision of additional rods less expensive.

Grounding network

4.12.3Aburiednetworkofgroundconductorswillassureaneffectivesafetygroundinpoorsoilandwilleliminate
largevoltagegradientsatsubstationsforutilityaerodromeinterconnections.Meshspacingof3to3.5 meters are
commonlyusedandusuallysuchspacingscancontrolsurfacevoltagegradientseventhoughthegroundresistance
may be relatively high.

Water pipe connections
4.12.4The use of water pipes for grounding connection is not recommended since: the electrical characteristics of
pipesarenotwelldefined:leakagecurrentscanresultincorrosionofthepipes;thepipemaybemodifiedbylater
constructionormaintenanceofthewatersystemwhenthereisinstallationofsectionsofnon-metallicpipe,cathodic
protection or insulating couplings.
Combination of grounding methods
4.12.5Where the ground resistance in an existing system is high two or more of the aforementioned methods
may be combined to effect improvement.
Ground connections
4.12.6Wires running from protective devices(for example ,gaps ,grading rings ,expulsion or protection tubes and

Surge arresters )to ground should be kept as straight and short as possible .Where bends are necessary they should be
of large radii to keep the surge impedance as low as possible.
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Overhead ground wires

4.12.7Where over head ground wires are used for protection of electric lines, aground connection should be

Provided at the base of each pole from the over head ground wire to a wire loop or aground plate or to adrivenrod,
Depending on the existing soil conditions. Use of wire wrap sorpole but tplates is allowed only in areas of very low sail
resistivity.

Measurement of ground resistance
4.12.8Two methods of measuring ground resistance are:

a)Three —electrode method .In the three-electrode method, two test electrodes are used to measure
resistance of the third electrode :the ground point . Aself —contained source of alternating currentanda
battery-operated vibrator source type of equipment providing direct readings are available.

b)Fall-of-potential method .The fall-of-potential method in volvesanun grounded alternating current
source which circulate same assured current to ground .Voltagereadingstaken ,of the connection to
auxiliary grounds, allow use of Ohm's law to determine the ground resistance.

4.13UNDERGROUNDDISTRIBUTIONSYSTEMS

4.13.1Primary power distribution circuits in certain areas on and near aerodromes must be installed underground.
Although underground installations cost more than overhead systems, radio interference problems or the proximity of the
Lighting facilities to areas of aircraft to perations often require the use of underground distribution systems. Underground
Circuits may be installed by direct burial or by the pull-in method (pulling the cables through conduits). Direct burial of
Distribution circuits is usually less costly than in stallation inducts (pull-inmethod),but because of the poor reproduction,
directburialisusuallyusedonlyforsmallloadswherereliabilityrequirementsarelow.Medium-voltagedirectburial

cable should be provided with ametalarmour covering or shield for protection again stmechanicalinjury. Where

corrosion resistance is important ,armouredcables may require aplasticorsyn the tic- rubber jacket over the armor .The
underground distribution circuits used for aerodromelightingfacilities are pull-in circuits.

4.13.2Details of the installation of underground distribution systems for visual aids facilities are given in
Chapter 13 and characteristics of cable suitable for underground service are given in OChapter 14.
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Chapter5

TYPESOFELECTRICALCIRCUITS

Note.—This chapter exam inescircuitry as applicable to convention alinc and escentl amped light fixtures.
This may change with the application of light fixtures using LED (light emitting diode) design (refer to 0 Chapter12).IEC
61820provides system design and installation require ments for constant current series circuits for aeronautical ground
lighting.

5.1ELECTRICAL CHARACTERISTICS

Electrical power for aerodrome lighting aid sisal most entirely alternating current(AC)at500r60hertz. Both series and
Parallel circuits are used for lighting installations .At large aerodromes having lengthy runway sanda large number of
Taxiways ,the lighting design is primarily based on series circuitry. At smaller aerodromes with short runways, the
Installation may be based uponparalle Icircuitry .Parallel circuitry is also used for sequence-flashing lights for approach
Lighting systems, although these may, if necessary, be powered from aseries circuit using conversion adaptors.
Facilities such as apron floodlighting and obstacle lighting are primarily of a parallel circuit design.

5.2SERIESCIRCUITS

5.2.1The circuit elements of series circuits are connected in astring with the same current flowing in each
Element .The circuitisonecontinuousloopstartingandendingattheoutputterminalsoftheconstantcurrentregulator.

5.2.2In the case of a parallel circuit and fixed in put voltage ,the current in the circuit would vary with the

Connected load. The constant current regulator so faseries circuit, however, maintain a constant current in dependent of
The load on the circuit .Thus ,the same current will flowing along circuitasina shorter circuit and willre main the same
Even if some of the lamps fail .A short circuit across the output of a constant current regulate orisano-load condition and
An open circuit is an over load .In a simple direct-connected series circuit ,a lamp failure causes an open circuit ;hence, it
Is necessary to provide an aerodrome ground lighting (AGL) transformer ,as part of the circuit design ,to maintain
Continuity of the circuit with lamp failure. Where a singletrans form eris used to supply several light units ,as shown in
Figure 5-1, a by-pass device is incorporated to ensure continuity on the secondary side.

Advantages of series lighting circuits
5.2.3Some of the advantages of series circuits for aerodrome lighting are:

a)all lamps are operating at the same current and thus at the same intensity;

b)a single-conduct or cable of one conductor size and insulation voltage rating can be used throughout
the circuit;

c)intensity control of the lights can be obtained over a wide range;
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d)the circuit may have a single ground fault at any point along the circuit without affecting the operation
of the lights;

e)the lamps used for series circuits are of high-current and low-voltage. For example, a runway edge
lightmaycontaina6.6ampere,12voltlamp.Thelowvoltageenablestheuseofacompactfilament

which acts as a point source and facilitates optical control through means of len sing; and

f)series circuits can more easily be applied to interleaving.

Disadvantages of series lighting circuits
5.2.4The major disadvantages of series circuits when used for lighting are:

a)installation costs are high—the constant current regulator and AGL trans form ersaddappreciably to
this cost;

b)anopen circuit fault anywhere in the primary side of the circuit makes the entire circuiting operative and
possibly may damagecableinsulation or the constant currentre gulator; and

c)location of faults, especially open circuit faults, can be difficult.

Issue 6, Rev. 3 Dated Oct., 2020 Page 54



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

5.3PARALLEL (MULTIPLE) CIRCUITS

5.3.1The use of parallel (multiple) circuits for aviation ground lighting is not recommended for large aerodromes
and/or complicated lighting systems for the following reasons:

a)parallel circuits usually entaila much more expensive cabling installation than does a high-voltage
series circuit;

b)accurate intensity balance between all lights in the pattern cannot be obtained easily; and

c)the mass burn —out of lamps in a circuitis much more likely due to the in ability of average voltage
regulators to control very rapid fluctuations of the voltage on the supply side.

5.3.2The parallel circuit can be of advantage at small airports where main tenance is contracted from the local
community in which electricians may not have the special training needed for series circuit installations.

5.3.3Inviewof the second side rations ,parallel circuits should preferably be used when there are only a few
Fitting sexisting in the circuit and accurate intensity balance is not critical; for example ,a short taxiway. Smaller
aerodromes with short runways and taxiways can employ parallel voltage for the lighting.

Effects of faults

5.3.4For parallel circuits, the light fixtures are connected across the lighting conductors ;a burned-out lamp that
Produces an open circuit fault does not seriously affect the overall lighting system ,but a short circuit fault will be an
Over load condition, and depending on which protective device (fused or circuit-breaker) operates, would make the
System of light sin operative. This istheoppositeoftheeffectonaseriescircuitforwhichashortisnotanoverload

condition.

Voltage characteristics

5.3.5Mostparallel-typelight fixture sared esigned for low voltage(lessthan300 volts)and step-down
transformersmaybeusedwherethefeedercablesareatahighervoltagetominimizevoltagedropfromthevaulttothe

load centre. The lights may be supplied from a single circuit connected between neutral and line voltage or by alternating
between neutral and line voltageina3-or4-wire distribution system .Intensity control of the lighting is typically by

means of tapped transformers.

Advantages of parallel lighting circuits

5.3.6Someoftheadvantagesofparallelcircuits(seeFigure5-2)foraerodromelightingare:
a)lower cost of the installation, especially if voltage regulation and intensity control are not required;
b)more efficient utilization of electrical power;
c)easy to add toorreduceanexisting circuit;

d)the circuits are more familiar to most people;

e)cable faults, especially open circuit faults, may be easier to locate; and
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fan open circuit may not disable the entire circuit.
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Disadvantages of parallel lighting circuits
5.3.7Someofthemajordisadvantagesofparallelcircuitsforaerodromelightingare:

a)the intensity of the lights decreases with line voltage drop along the circuit. This may be misinterpreted
if it is noticeable in a pattern of lights;

b)two conduct or sare required along the complete circuit, and larger conductors may be needed to
reduce the line voltage drop;

c)lamp filaments are usually longer which may require larger optics and larger light fixtures;

d)intensity control ,especially at the lower intensities ,is more difficult to furnish accurately, or the
equipment cost adds appreciably to the installation cost;

e)a single ground fault on the high-voltage feeder will disable the circuits; and

f)ground faults may be difficult to locate.
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5.4COMPARISON OF SERIES AND
PARALLEL LIGHTING CIRCUITS

Acceptable lighting can be provided byei the rseriesorparallel circuits. Series circuits are usually used for aerodrome
Lighting systems because of the more uniform intensity of the light sand better intensity control .Such systems include
mostrunwayandtaxiwaylightsandmoststeady-burninglightsofapproachlightingsystems.Parallelcircuitsareused

form stare a illumination, individual or small number so fvisualaids ,and powerd is tribution. Aerodrome lighting systems
usually using parallel circuits are apron flood lighting, other apron lights ,sequence-flashing lights ,special purpose visual
aids such as beacons and wind direction indicators, some obstacle lights and electrical distribution circuits.

5.5SERIES CIRCUITRY FOR AERODROME LIGHTING

Factors to be considered

5.5.1Ifaseries circuit is to be used ,cert ainoptions on the equipment to be used should be evaluated. Often

When one choice is madeitred uces the options of other equipment .First ,the complete circuit should be analysed for
Critical performance ,reliability ,economy of installations and operations ,ease of maint enance and how the several types
ofequipmentareinterrelated. Some optional factors are the following items.

Choice of current

5.5.2Equipment development has limited the available options of current to be used in a particular series circuit.

Most aerodrome lighting series circuits aree ither6.6or20amperesatrated full intensity ,although other currents have
Been used. The line power loss for affixed cable conductor and lengthfor6.6ampere circuits is about one-ninth that for
20amperecircuits.Eithervalue of current can be carried in 5000vo it insulation cable by conductorsof4 mmdiameter
without excessive temperature rise.

5.5.3The load on the regulator of series circuits should be at least 80 percent to fits rated capacity .A current of
6.6amperesiscommonly used for longcircuitswithsmallerelectricalloadsand20amperecircuitshavebeenusedfor
largerloadsandshortercablelengths.Fortherangeofregulatorratings,6.6amperesisusedforratingsof30kWor
lessand20amperesforratingsofmorethan30kW.Thistransitionpointisbaseduponthefullloadoperatingvoltage

which should not be in excess of 5 000 volts .A 30 kW regulator has a voltage of 4 545 volts with 6.6 ampere current.

5.5.4Based on the above, there is a tendency towards use of only 6.6amperes for the series circuits. The

Primary reason being is the application of multiple circuits and interleaving .For example ,the major portion of an
Approach lighting system may represent a load of70kWin which case single constant current regulate or rated at

70 kW and 20.0amperes might be used. However, with the addition of circuits for interleaving ,the load on each circuit
May be less than 20kWresulting in the use of regulator sratedat6.6amperes.Similaruse of lower rated constant
Current regulators occurs for large facilities ,such as for runway centre line and touchdown zone lighting ,which are
composed of two or more circuits.

5.6GROUNDING

All the equipment of the visual aid slighting facility should be bonded to earth. Refer to 0Chapter13for a description of
Grounding provided for personnel safety.
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5.7STEP-DOWN TRANSFORMERS

The use of higher voltages for transmission of powerred ucesthelinevoltagedropandthenstep-downdistribution
transformersreducethevoltagetothatwhichismoresuitableforlocaldistribution.Similarly,thepowertoaerodrome
lightingcircuitsmaybeatahighervoltageonthefeedercircuitsandreducedbyastep-downtransformeratthe
beginningofthelightingcircuittomatchthedesiredcircuitvoltage.Ofcourse, thesefeedercablesmustbeadequately
insulatedforthefeedervoltage.Sometimesitisdesirabletouselonglow-voltagecablesforfeeders,suchaswhen
thesecablesarealreadyinstalledandavailable. Thelinedropcanbereducedbyusingahighervoltagewithinthe
insulationlimitofthecableonthefeedersandreducingthevoltagewithstep-downtransformersattheinputtothe
circuitortotheindividuallightfixtures. Anexampleistouse480voltsonthefeedersandstep-downto120voltsatthe
lightingcircuit.Use of lamps in thevoltagerange of6to30volts in aerodromelightfixtures isusuallymoreeffectivethan
theuseof120orof240voltlamps. Thus,whenstep-downtransformers aretobeusedforindividuallightsorforasmall
groupoflightsinabarrette,considerationshouldbegiventochoosinglightswhichuselow-voltagelamps.Unless
individuallyfused,step-downtransformersusedasindicatedaboveshouldbeofthehigh-reactancetypesothatashort
circuit in that part of the lighting system fed by one transformer will not cause failure of the entire system.

5.8SERIESCUT-OUT

Forseriescircuitry,adevicetermedaseriescut-out,asshowninFigure5-3,canbeinstalledatorinsidetheconstant
currentregulator(CCR)tofacilitatemaintenanceandtroubleshootingactivity. AsshowninFigure5-4,withthecover
plateofthecut-outinserted,the CCRisconnectedtotheseriesloopcircuit. Whenthecoverplateisremoved,the CCR
outputisisolatedfromtheairfieldseriesloopformaintenancepersonnelsafety.BoththeoutputoftheCCRandthe
inputtotheloopcircuitareshorted. Asecondcoverplatecanbeinsertedsoastoprovidecontactpointstotake
insulationresistancemeasurements.
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Chapter 5.Typesofelectricalcircuits5-7

Figure5-3.Series cut-out device receptacle (source: Liberty Airport Systems)
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Figure 5-4. Series cut-out device (diagram)
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Chapter6

CIRCUITRY

6.1INTERLEAVING OF AERODROME LIGHTING CIRCUITS

6.1.1Paragraph8.2ef specifiesthatforarunwaymeantforuseinrunwayvisualrange
conditionslessthanavalueof550m,theelectricalsystemsforthepowersupply, lightingandcontrolofthelighting
systemsbedesignedsothatthefailureofonecircuitwillnotleavethepilotwithinadequatevisualguidanceor
misleadinginformation.Tothisend,everyapproachandrunwaylightingsystemshouldbeinterleavedwithatleasttwo
circuits.ExamplesofcircuitinterleavingtoimproveintegrityareshowninFigure6-1toFigure6-5.Eachcircuitinan
interleavedsystemshouldextendthroughoutthewholeoftheservice(e.g.runwaylength)andbesoarrangedthata
balanced symmetrical lighting pattern remains in the event of failure of one or more ofthe circuits.

6.1.2CareshouldbetakentoproperlylabelcablesandAGLtransformerswhereinterleavingisappliedtothe
installation.

6.2ARRANGEMENT IN THE ELECTRICAL VAULT

6.2.1Interleavingisoftenthoughtofasjusttheconnectionsmadeinthefield.ltisrecommendedthatthe
principleofinterleavingbecarriedtotheelectricalvaultandbeyond.AsshowninFigure6-1,thecircuitsandassociated

regulators are fed from separate buses such that each circuit is supplied from a separateCCR and arrangement is made
suchthataspareCCRisavailabletobeplacedinoperationwithinaminimumamountoftime.Thebusesareprovided

with automatic tiebreakers for use in case of failure.

6.2.2Asafurthermeansofassuringavailabilityincaseoffailure,arrangementismadetoenableswitchingtoa
spareregulator,asshowninFigure6-2. Thismethodmaybeusedwheretheregulatorconsistsoftheregulating

component and input/output transformers. In the case of regulators that consist of only the regulating component,a rack-
mountedorplug-indesignisusedandavailabilityisachievedbyuseofaspareregulatorthatcanbereadilyinstalledin
placeofthefailedregulator.

6.3PROVISION OF INTERLEAVING
Note—Interleavingshouldbeprovidedforthoselightingfacilitieslistedin Table8-1
and as indicated in 8.2.1.
Approach lighting system

6.3.1The interleaving of approach lighting Type A (distance codedcentreline)and TypeB(barrettecentreline)is
illustratedinFigure6-3. Both the Category | system and supplemental lighting for Category II/lll operations are shown.
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Figure 6-1. Provision of interleaved circuits

6.3.2Thresholdlightsarecomposedofthoseassociatedwiththerunwayedgesystemandthoseassociated
withtheapproachlightingsystem.Thethresholdlightsfortherunwayarerunwayend/thresholdlightswithredand
greensignals(facingopposite)ateachlightstation.InFigure6-3,sixrunwaythresholdlightsareshownforaCategory |
installation.A Categoryll/lllinstallationwouldhaveadditionalrunwayend/thresholdlights(pleaserefertoFigure5-22in
(ECAR139),).The runwayend/thresholdlightsareusuallyinterleavedaspartoftherunwayedgelightingsystem.

Interleaving for the approach lighting system involves the unidirectional green threshold lights and the wing bar lights.

Runway centreline and touchdown zone lighting systems

6.3.3(ECAR 139),requiresthatrunwaycentrelinelightsshowvariablewhitetoadistanceof900mfrom

the threshold, then alternating variablewhite and red from 900 m(orfrom themid-pointoftherunway)to300mfromthe
runwayendafterwhichonlyredisshowntothepilot.Figure6-5(b)illustratestheinterleavingforthefirstwhiteonly

portion of the system.Similar interleaving would be used for the final all red portion.
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6.3.4Figure6-4illustratesvariousmeanstoprovideinterleavingforthecodedwhite/redportionofthesystem
andselectionisthatprescribedbythelocalauthority.Whereitisnecessarytopreservethecolourcoding,Figure6-4(a)
shouldbeused.However,thisinterleavingwouldincreasethespacinginfailedsegmentstothreetimesthenormal
value.Figure6-4(d) illustrates aninterleavingarrangementwherelightsareinstalledwith7.5mspacingandcoupletsof
thesamecolourareinstalled.Figure6-4(b)doesnotpreservethecoding(withcircuitfailurethelightsareeitherallred
orallwhite),butdoesmaintainanacceptablespacingforprovisionofapatternoflightsforcentrelineguidance(the
spacing is doubled with circuit failure).
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6.3.5Figure6-5alsoillustratestheinterleavingofrunwaytouchdownzonelights. TheinterleavingofFigure6-5
(d) is preferred because it maintains the longitudinal spacing between barrettes upon loss of one circuit.

Taxiwaycentreline lighting

6.3.6 Taxiwaycentrelinelightingcircuitsmaybeinterleavedonthosepartsofthetaxiwaysystemthatare
consideredasessentialincategory Il/lliconditionsbut,foreconomicreasons,asinglecircuitmaybeusedforother
taxiways.

6.3.7Wherethetaxiwaycentrelinelightingiscolourcodedgreen/yellowtoindicatethedistanceoftheaircraft
exitfromarunwayinrelationtothelLScriticalarea,thesystemmaybeinterleavedbyoneofthemethodsillustratedin
Figure6-4asdirectedbythelocalauthority. Asinthecaseofrunwaycentrelinelighting,Figure6-4(a)preservescolour
codingbutleavesfailedsegmentsthatarethreetimesthenormallightspacing.Figure6-4(b)causesanincreased
spacingwhichistwicethenorm,butalsodoesnotpreservethecodingsuchthattheexitingpilotwouldseeeitheraline
ofgreenoryellowlights. ThemethodofFigure6-4(c)preservesminimalspacingbutismorecostly. Themethodof
Figure6-4(d)isanalternativewhichpreservesthecolourcodingandleavesanormalspacingifthelightsareinstalled
athalfthenormalspacing(e.g.at 7.5 m insteadof 15 m).
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Figure 6-4. Interleaving of colour coded lights
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Stop bars

6.3.8Stopbarsshouldbecontrolledindependentlyofeachotherandofthetaxiwaycentrelinelights. The
electrical circuits should be interleaved so that all of the lights of a stop bar will not fail at the same time.

6.3.9Stopbarsarenormallyassociatedwithtaxiwaycentrelinelead-onlighting. Thegreenlead-onlighting
providesaconfirmationofvoiceinstructionfortheaircrafttoproceedoncethestopbaristurnedoff. Whenthestopbar
isilluminated,thetaxiwaycentrelinelightsinstalledbeyondthestopbarareextinguishedforadistanceofatleast90Om
andviceversa.Controlandmonitoringofthelead-onlightscanbeaccomplishedthroughmeansofaddressable
switcheswhilstthepowersupplyandpossibleinterleavingisthatofthetaxiwaycentrelinelighting.Shouldthesupplyto
thelead-onlightsbeotherthanadedicatedcircuit,itisnecessarytoensurethatthecircuitstowhichtheselightsare
connected will be active when the lead-on lighting is required.

6.3.10Further information regarding stop bars is provided in (EAC139.13).12

6.4POSSIBLE PROVISION OF INTERLEAVING

Note.—Thefollowingfacilitiesarenotnormallyinterleaved,butaredescribedhereinshouldinterleaving
berequiredbythelocalauthority.

Visual approach slope indicator systems

6.4.1Visualapproachslopeindicatorsystemsshouldhavetwocircuitsperrunwayendwhenoperatedwithan
ILS system.

6.4.2Normally,thePAPIlisinstalledontheleftsideoftherunway.Whenthevisualapproachslopeindicator
systemisafullPAPlorT-VASIandinstalledonbothsidesoftherunway,thepowertoalllightunitsononesideofthe
runwayshouldbesuppliedbythesamecircuit. Thisarrangementensuresthatshouldonecircuitfailacompletepattern
will be retained on the other side of the runway.

6.4.3WhenapproachslopeindicatorsareinstalledononlyonesideoftherunwayaswiththePAPIland

AT-VASI, some of the lamps in each light unitshouldbeconnectedto onecircuitandtheremainder totheothercircuit in
ordertomaintaintheintegrityofthepattern.Lossofoneofthelampswithinalightunitwillresultinreducedintensity.
Visualapproachslopeindicatorsystemsshouldbede-energizedwhenamisleadingsignalresultsfromthefailureofa
completelightunit.

Runway holding position signs
6.4.4Whereinterleavingisprovided,runwayholdingpositionsignsshouldbeinstalledsuchthatseparate

circuits are used for the signs on each side of the taxiway.

Rapid exit taxiway indicator lights
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6.4.5Therapidexittaxiwayindicatorlights(RETIL)systemiscomposedofapatternofin-pavementfixtures
usedtoindicatetheapproachtoarunwayexit.Inasmuchasthesystemhasasmallquantityoffixturesandeachis
necessaryforthedistancecoding,theRETILsystemisnotprovidedwithinterleavingbuthasasinglecircuitthatisfed
fromaseparateconstantcurrentregulator.
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Chapter6.Circuitry

Issue 6, Rev. 3 Dated Oct., 2020 Page 72




Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

6-7

6.4.6ThefunctionalityoftheRETILsystemisdependentuponthenumberoflightsinconsecutivebarrettesand
thefailureofonelightwithinabarretteresultsinamalfunctionofthesystem.Therefore,itisrecommendedthatthe
system be provided with a means to automatically turn off the entire system should there be a loss of a single light unit.

Runway guard lights

6.4.7Runwayguardlights(RGL)shouldbeprovidedwithseparatecircuitryfromthatoftheassociatedrunway
ortaxiway.Theyshouldnotbeconnectedforsupplyfromtheadjacenttaxiwayorrunwaycircuitforreasonofan
incompatibilityofbrightnesslevel,aswellasthattherunwayguardlightsmayberequiredwhenrunwayortaxiway
lightingisnotilluminated.

6.4.8Whereinterleavingisprovided,theRGLconfigurationA(elevated)areinterleavedsuchthatonecircuitis
usedforeachsideoftheholdposition.
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6.4.9Whereinterleavingisprovided,theRGLconfigurationB(in-pavement)areinterleavedwiththeconnection
made in couplets of lights such that the alternate flashing characteristic ismaintained.For example as, c1, c1, c2, c2, c1,
cl, c2, c2.

Taxiway/runway lead-in lights

6.4.10Greentaxiway/runwaylead-inlightsneednotbeinterleavedasthefunctionofthislightingistoprovidea
confirmationofvoiceinstructiontoproceed.However ifinterleaved,theymaybeprovidedwithtwocircuits,asfora
runway centreline of single colour, as shown in Figure 6-5 (b).

6.4.11Wherethetaxiwaylead-inlightsareprovidedwithcolourcoding,additionalcircuitsmayberequiredto
preserve the colour coding with loss of a circuit.

6.5SELECTIVE SWITCHING OF TAXIWAY CIRCUITS

Inordertoprovide routeguidanceto pilots,taxiwaycentrelinelightingshouldbecircuitedtopermitselectiveswitchingof
segmentsofthetaxiwaylightingsystemontheairfield. Thiscapabilitymaybeobtainedbyusingaconstantcurrent
regulatorforeachsegmentorbyconnectingseveralsegmentstoasingleregulatorandusingrelays,eitherinthefield
orattheregulatoroutput,toenergizethedesiredsegment(s).ForATS,themeanstocauseswitchingofsegmentsmay
be accomplished in several ways, such as:

a)theuseofanindividualcontrolswitch/buttonforeachsegment. Thecontrolswitchesshouldbe
locatedonafacsimilediagramontheairportcontrolpanelsothatATCstaffcanvisualizetheroute
thathasbeenselected. Thismayalsobeaccomplishedwithuseofatouch-sensitivescreenwhich
presents a diagram of the airport routing system;

b)interconnectingthecontrolssothatactuatingasingleswitchonthecontrolpanelwillcauseall
segmentsofadesignatedroutetobelighted;and

c)usingacomputerprogrammedtoautomaticallyselectandlighttheoptimumrouteaftertheoperator
designates the runway exit to be used and the gate destination for the aircraft.
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Chapter7

CONSTANTCURRENTREGULATORS

Note.— Constant current regulators are addressed in IEC 61822.

7.1TYPES OF CONSTANT CURRENT REGULATORS

7.1.1Theelectricalpowerformostaerodromegroundlightingcircuits(seriescircuit)issuppliedbyconstant
currentregulators(CCRs)becausethisfacilitatesconstantlightoutputoverlongdistances,asisthecaseforaerodrome
runways. Theregulatorsaredesignedtoproduceaconstantcurrentoutputthatisindependentofvariationsinthecircuit
loadandinputvoltageofthepowersource.Theyarealsodesignedtoprovidetwoormoreoutputcurrentswhen

dimming of the lights is required. Some types of constantcurrent regulators used for aerodrome lighting are as follows.

Moving coil regulators

7.1.2Movingcoilregulatorshavebeenusedformanyyearstosupplypowertoserieslightingcircuits,in
particularthatofstreetlightingsystems.Thisregulatorhasseparateprimaryandse condarycoils,whicharefreeto
movewithrespecttoeachotherthusvaryingthemagneticleakagereactanceoftheinputandoutputcircuits. The
reactanceisautomaticallyadjustedtoavaluewhich,whenaddedtotheloadimpedance,permitsaconstantcurrentto
flow.Thedesiredoutputcurrentsetsupaforceofrepulsionwhichfloatsthemovingcoilinthepositionwhichproduces
thiscurrent.Astateofmechanicalequilibriumisattainedsuchthattheforceofrepulsionexactlybalancestheweightof
the movingcoil. Adjustment is possible through means of a counterweightasshowninFigure7-1. Any change inloador
inputvoltageisimmediatelycounteractedbyamovementofthefloatingcoiltorestoremechanical/electricalbalance.
Intensitycontrolisobtainedthroughtheuseofatappedtransformeracrosstheoutputoftheregulator. Themain
disadvantagesofmovingcoilregulatorsarethemechanicalmovementofthecoilsandthelowpowerfactorsforloads
lessthanratedload.Foraloadof50percentof theratedload,thepowerfactormaybe75percentorless.Because of
the mechanical control, moving coil regulators must be preciselylevelled and isolated from vibration.

Monocyclic square/resonant network regulators

7.1.30nestatictype(nomovingparts)constantcurrentregulatorforseriescircuitsisthemonocyclicsquare
regulator.Thecurrentregulatingnetworkusuallyconsistsoftwoinductivecoilsandtwocapacitors,eachofequal
reactance(resonance)atthepowerfrequency,arrangedinabridgetypecircuit.Withsuchanetwork,thesecondary
currentisindependentoftheimpedanceoftheload.Intensitycontrolcanbeprovidedbyatappedinputoroutput
transformerorbycontinuouslyvariableinputtransformer.Theadvantagesofthistypeofregulatorarenomovingparts
andhighpowerfactor.Thedisadvantagesarelackofcompensationforvariationsininputvoltageandadverseeffects
ontheregulationcausedbyloadswhichcausehighharmonicfrequenciesintheresonantcircuit,suchasopencircuited
secondaries of series isolating transformers and gaseous-vapour lamps (see Figure 7-2).
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Figure 7-1. Moving coil regulator
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Saturablereactorregulators

7.1.4The saturable reactor CCR consists of two saturablereactors,amainisolationtransformer,controlcircuitry
andanoutputtransformer.TheACreactanceoftheinputsaturablereactorsisautomaticallyadjustedthroughmeansof
aDCinputcurrentwiththeresultthatthereactorsincombinationwiththeoutputtransformeractsasavoltagedivider
whichregulatestheloadcurrent.Bysensingtheoutputcurrentfromtheregulator,adjustmentmaybemadeto
compensateforprimaryvoltagevariationsandforharmonicfrequenciescausedbyopencircuitedsecondariesof
isolatingtransformers.Thiscompensationprovidesimprovedcurrentregulationandpreventsshorteningoflamplife
from above rated secondary current (see Figure 7-3).

Solid state control constant current regulators

7.1.5TheseregulatorsuseACsolidstatecircuitsforcontrollingthetransformerleakagereactance. This
techniquepermitstheuseoflowcontrollevelstoobtainconstantcurrentfromregulatorswiththeelectrical
characteristicsofconstantvoltage,series-resonantcircuits. Thesolidstatecontrolsenablefastresponse,highpower
factor and compact regulators with easy maintenance of the regulator controls.

7.1.6ThesolidstateregulatorutilizesanSCR(thyristor)driver.AsshowninFigure7-4,theSCRsaretriggered
so as to "chop" the supply voltage and thereby reduce the effective RMS value of the current.

Ferroresonant regulator

7.1.7TheferroresonantCCRisessentiallytheresonant-network CCRwithimprovementstoovercomethe
disadvantagesoflackofcompensationforinputvoltagevariationandreductionofharmonicsfromthefieldcircuit. The
controlsignalisvariedbymeansofadigitalsignalprocessor(DSP)tomaintaintheoutputcurrentforthedesired
brightnessstep.

7.1.8ThereactiontimeoftheferroresonantCCRisfasterthanwiththesolidstate CCR,astheoutputcurrentis
regulateddirectlywiththecontrolcircuitandcontrolwindings.Asaresult,theoutputcurrentisnotaffectedinanyway
byflashingorswitchingloads. TheDSPandthecontrolcircuitcanquicklyandaccuratelyrespondtoinputoroutput
changesinordertomaintainaconstantcurrent.Becauseofthesizeandthecustomizednatureoftheferroresonant
transformer, however, overall package size, weight and cost are greater than the solid state CCR (see Figure 7-5).

Pulse width modulation regulator

7.1.90neofthemostpromisingtechnologiesfordevelopmentofpowersuppliesforvisualaidslightingisthe
useofpulsewidthmodulation(PWM),whichhasgainedincreasingpopularityforindustrialvariablespeeddrivesand, if
properly designed, can provide extreme accuracy and unprecedented control.ltisappliedforLEDIlightingonairfields.

7.1.10ThebasicdesignofaPW MpowercircuitiswithDCrectificationoftheincomingsupply. TheDCpoweris

smoothed andfiltered,andthenpassedtoaninverterstage. The inverterstage convertstheDCpowertoanACvoltage,
butataveryhighfrequency.ThehighfrequencyACisthenswitchedwithinsulatedgatebipolartransistors(IGBTs)to
developthedesiredoutputwaveform.Withanewandinnovativedesign,powerfactorcorrectioncanbecontinuously
implementedwithaboostpre-regulatorandahigh-performanceinverter.Highpowerfactorsapproachingunityare
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possibleatverylowloads.Theoutputcurrentfromtheregulatorwouldbewithverylowdistortionsandwithminimal
harmonics.

7.1.11Withsuitablefirmwareandhardwareinterfacechanges,thesamedigitalsignalprocessor(DSP)usedfor
the ferroresonant and SCR type regulators can be used to control the PWM CCR (see Figure 7-6).
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Figure 7-3. Saturable reactor regulator

Issue 6, Rev. 3 Dated Oct., 2020 Page 80



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

for brightness steps

11 AW

Regulating protection
and control circuits

O | | —
f | Qutput current
Input voltage QUF
Control
A Output
BV transformer transformer
SCR (thyristers)
/ Current transformer
L ] &
o I I VU O
/ ‘ Resistive network m

Feedback circuit

Figure 7-4. Solid state (SCR) regulator
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7.1.12The PWM design promises a number of advantages over existing CCR designs:
a)reduced package size, smaller than ferroresonant technology;
b)microsecond response time compared to millisecond with SCRs;
c)lower harmonics and near unity power factor at all operating levels; and

d)stable output possible for input droop conditions.

7.20PERATING CHARACTERISTICS OF
CONSTANT CURRENT REGULATORS

Constant current regulators supplying power to aerodrome lighting circuits should have the following capabilities:

a)maintainaconstantcurrentoutputwithint2percentforanyloadfromone-halftofullloadwithupto
30percentofisolatingtransformershavingopencircuitsecondaries;

b)indicateagroundingfaultonthecircuitwhilepermittingthecircuittooperatenormallywhenasingle
groundfaultprevails;

c)haveahighdegreeofreliabilityandthereforehavenomovingparts;

d)incorporate an open circuit devicewhich locks out the primary voltagewithin two seconds and requires

resettingoftheregulator;
e)respond to circuit changes within fifteen cycles;

flincorporateasecuritydevicethatsetstheregulatorout-of-serviceorassuresareductionofthe
currentincaseofanover-current;

g)providetherequirednumberofintensitysettingsoracontinuouslyvariablecontrolasrequired.The
regulatorshouldbedesignedsothattheintensitysettingcanbechangedwithoutde-energizingthe
regulator;

h)electrically isolate the primary power circuit from the secondary lighting circuit;

i)dynamiccharacteristicswhichenablequickrestartincaseofvoltagefailureinaccordancewiththe
switch over time requirements of {ECAR 139), Table 8-1; and

j)operatecontinuouslyatfullloadinambienttemperaturesbetween—-40°Cand+55°Candrelative
humidity between 10 and 100 per cent and at altitudes up to 2 000 m.
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7.3RATING CHARACTERISTICS OF
CONSTANT CURRENT REGULATORS

7.3.1The following are examples of rating characteristics of constant current regulators.

Power

7.3.20utput (secondary) loads between 1 and 70 kilowatts. Many sizes in this range are available.

Secondary (output) current

7.3.3Thecurrentlevelsof6.6and20amperesaremostcommon.Unitssupplying6.6amperesforloadsupto
andincluding30kilowattsand20amperesforloadsofmorethan30 kilowattsareoftenused.Inasmuchasthetrendis
to use the 6.6 amperes, the lists below for brightness steps are only with respect to 6.6 ampere operation.

Current step values

7.3.4Table7-1liststypicalcurrentstepsfor3-stepand5-stepconstantcurrentregulators. Additionalstepsmay
beuseddependinguponlocalpractice. Whenconsideringthestandard6.6amperecircuit,itisassumedthatcurrent

less than2.3amperesisbelowthevisiblelightlevelandthereforeconsideredasan”off'conditionforthepilot.A setting
at80percentoffullbrilliancyissometimesincludedtosavepowerandincreaselamplife,detractinglittlefromfull

visible power under normalweatherconditions. For LED lighting,with PWMpowersupplies,thestepsaredefinedbythe
degree of modulation rather than a current level.

Table 7-1.NominalCCRoutputcurrentrange

NominaloutputAllowable range
StyleCurrent step(RMSamperes)(RMSamperes)

36.606.50-6.70

3-stepCCR25.505.40-5.60

14.804.70+4.90

56.606.50+6.70

45.205.10+5.30

5-stepCCR34.104.00-4.30

23.403.30+-3.50

12.802.70+2.90
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Frequency

7.3.5As defined by the frequency of the primary power, usually 50 or 60 Hz.

Primaryvoltage

7.3.6Primaryvoltagesof240voltsforsizesupto30kilowattsand2400voltsforsizesof10to70kilowattsare
usedbyoneState.Otherprimaryvoltagesmayalsobeused.Thetendencyistowardsamediumlevelofprimary
voltage such as 600 volt for which equipment of lesser specialization is required, such as input breakers.

7.40PEN CIRCUIT AND OVER-CURRENT PROTECTION

Theconnectionsinseriescircuitsshouldbecarefullymadetoassurecircuitcontinuityandtopreventdevelopmentof
groundfaults.An opencircuitfaultinthe primarywillpreventoperationofalllightsinthatcircuitandcanbedamagingto
theregulatoritself.Forthisreason,constantcurrentregulatorsareequippedwithopencircuitprotection. Transients
generated by switching of circuitswith high inductance may cause tripping of the regulatorover-currentprotection.Itisto
benotedthattheover-currentprotectivedevicewillnormallynotreacttoashortcircuitfaultinaseries-typecircuit. Itis

for this reason that staff should have special training prior to working on series lighting.
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Chapter8

LOADCALCULATIONS/REGULATORSIZING

8.1GENERAL

Thischapterexaminesthecalculationofcircuitloadingforthepurposeofselectingasizeofconstantcurrentregulator.
Insomecases,thedesignermightsimplyrefertoaprevioussimilarinstallationinordertoselecttheregulatorrating,
however,thisshouldbecheckedthroughmeansofcalculation. Thelightingfacility,whichwaspreviouslyinstalledwith
onlya4dkWconstantcurrentregulator,may,foranewinstallation,requirea7.5kWregulatorduetotheuseofmore
lengthyfeeders.Thecalculationofregulatorloadingmusttakeintoconsiderationthelampload,lamptolerances,
isolating transformer efficiencies, secondary cable losses, primary cable losses and feeder cable losses.

Note.—Softwareprogrammesareavailablefrommanufacturers.

8.2TYPES OF LOADING
8.2.1The following types of loads are considered in the calculations:
a)Lampload.The nominal rating of the lamps.
b)Lamploadreferredtotheprimary.Thelampload,pluslamptolerance,plusisolatingtransformer
efficiency,referredtotheprimarysideofthetransformer.Lampsaremanufacturedonaproduction

scaleandexactwattagescannotbeguaranteedtobeidenticaltothatofthemarkedrating. The
tolerances of Table 8-1 can be expected.

Table8-1.Lamptolerances

TolerancePossibleactualwattage
Ratedwattage(watts)(percent)(watts)

30832.4

45848.6

2007214.0

2506265.0
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c)Secondaryleadload.Theresistiveloadofthesecondaryleadfromtheisolatingtransformertothe
lightfixture.Forin-pavementlightingthisloadingcanbequitelarge.Inthecaseofedgelightingwith
anadjacentisolatingtransformerthisloadingisinsignificantandcanbeignored.Forapproachlighting
withhightowers,theremaybearelativelyhighvalueofsecondaryresistance.Oncethesecondary
(lampsandcable)loadisdetermined,thisisreferredtotheprimarysideoftheisolatingtransformer
includinganylossesasmaybeincurredduetotheefficiencyofthetransformeritself. Thisefficiency
varies with the lamp load as shown in Table 8-2.

Table 8-2.Isolatingtransformerefficiency

|
Transformerrating Lampﬂating Efficiency
(watts)(watts)(percent)

30/453070

30/454577

20020090

25025089

d)Primarycableload.Theresistiveloadingintheprimarycablesbetweenlightstations. Table8-3lists
theresistancevaluesforvariousAW Gsizesofwire. Thistablecanalsobeusedfordeterminationof
thesecondarywireandfeedercableloading.

Table 8-3.Copper wire resistance

Ohmsper
Metric sizeAWGOhms/km1000ft
IEC60228n0/mm’@20°C(*)@ 25 C

2525.0000.690

[
421.1$10.8150.2533

[

|
1616000\1.078 '

|

613.3$21.2960.4023

88.36%2.0600.6401

66.0002.873 '

|
1010.0001.724 ' ‘

' 105.26'13.2771.018

44.0004.310
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Ohmsper
Metric sizeAWGOhms/km1000ft
IEC60228n0/mm’@20°C(*)@ 25 C

123.3095.2101.622

[
2.52.5006.896 |

' ' 142.08'18.2842.5756

' 1.51.500h1.493 '

161.30913.1704.084

(*) resistance @ 20°C based on resistivityp = 1.724*10-8 ohms-m?/m

Note.—Asageneralpractice,for6.6amperecircuitryforsecondaries, thewireusedismetricsize4mm?
or#12AWG. For primaries, it may be the metric size 10 mm? or #8 AWG.

e)Feederload.Theresistiveloadingofthefeedercablesconnectingthefirstandlastlightofthesystem

totheconstantcurrentregulator.Thelengthofthefeedercableistwicethedistancefromthe
regulator vault to the lighting system, assuming the first and last light are essentially adjacent

8.3CALCULATION OF LIGHTING FACILITY LOAD
Thecalculationoftheloadofaseriescircuitlightingfacilitymaybedonethroughmeansofgraphsormathematically.
Variousgraphsareavailable,however,theymaynotgiveadescriptionoftherationalefortheirdevelopmentand

thereforemaynotbeuseableforinstallationsotherthanthoseforwhichthegraphswereinitiallyprepared.The
preferredmethodisthatofmathematicalcalculation.

8.4SAMPLE CALCULATION

Table 8-4.Conditions

Nominal lamp powerP=45W

Lamp power tolerance (as per Table 8-1 45 W)d = +8 per cent (1.08 factor)

Current flowing through the series circuitl=6.6A

Efficiencyoftheseriestransformern = 0.77 (typical value far a 30/45 W transformer)

Resistivity(copper)p:1.724x10'80hm-m@20°C

Power for control and monitoring modulePy = 7 watts
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Control and monitoring module (optional) \ P, Secondary lead Ligﬁht unit
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Figure 8-1. Circuit loading
Secondary lead lengthLs=40 m

Secondary lead cross-sectionAs=4 mm? = 4 x 10° m?

Quantity of fixturesN=40

Primary cable lengthLp,=1600m(e.g.length of runway)

FeedercabledistanceLg=1000m(twofeedsperloopcircuit)

Primary cable cross-section areaApc=6mm?

FeedercabIecross-sectionareaAFc:6mm2
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8.4.1Given the conditions of Table 8-4 and Figure 8-1 above, then follows a calculation of power requirement:

a)Theelectricalresistanceofawirewouldbeexpectedtobegreaterforalongerwire,lessforawireof
largercross-sectionalarea,andwouldbeexpectedtodependuponthematerialoutofwhichthewire
is made (resistivity). Thus the resistance can be expressed as

R = p* LIA
where:

Ristheelectricalresistanceofthematerial(measuredinohms,Q);

p is the static resistivity (measured in ohm metres, Qm);

Lis the length of the piece of material (measured inmetres, m);

A is the cross-sectional area of the specimen (measured in square metres, m2).
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b)Lampload
P. = lamp watts * lamp tolerance = 45*1.08 = 48.6 watts

c)Power loss on secondary (low voltage) lead using 4 mm? conductor:
conductorlength=2*leadlength=80m
Rs=p*10°*length/areainm®=1.724x10®*80m/4x10°=0.34480hms
Ps = Rs * I? = 0.3448 ohms * (6.6 amperes)? = 15.2 watts

d)If the system uses a control and monitoring module, add 7 watts.

e)Total secondary power loss per light unit:
P;=lampload+module+leadloss=48.6+7+15.2=70.8watts

f)Secondarylossreferredtotheprimaryside:
P1 = P, / transformer efficiency = 70.8 / 0.77 = 91.9 watts

g)Power loss in the high-voltage primary and feeder cables:
conductor length = 2 * (feeder length + primary length) =2 * (1 000 + 1 600 ) =5 200 m
Re = p*10%*length/areainm®=1.724x10*5200/6x10°=14.90hms
Pp = Rs * I> = 14.9 ohms * (6.6 amperes)® = 649.0 watts

h)Total power requirement:
Pr=Pp+40*Ps,=649.0+40*91.9=4325watts=4.3kW

i)This may require the selection of a 5 kVA constant current regulator.

ConstantcurrentregulatorsaccordingtolEC61822areavailableinsizesof:1,2.5,5,7.5,10,15,20,
25and30kVA.

8.50THER CONSIDERATIONS

8.5.1ThecalculationobtainsavalueinwattsorkWwhichistherealpower. TheapparentpowerorkVAis
dependentupontheanticipatedpowerfactoroftheoverallsystemoperatedat6.6amperes.Forsomelightingfacilities,
the power factor can be relatively low and should be included in consideration of regulator sizing.

8.5.2Theselectionofconstantcurrentregulatormayalsobeaffectedbythecharacteristicsoftheload.
FerroresonantCCRs are recommended forseriescircuits that haveoscillatingloads,wherelowoutputharmoniccontent
isdesired.
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Addressable lights — wattage capacity of the switching device

8.5.3Insomecases,theswitchingcapacityoftheaddressableswitchingdevicemaydependontheCCR
suppliedwaveform.HighcrestfactorCCRcurrentmaynotallowtheuseofthemaximumratedloadwattage. The
designershouldconsidertheapplicationtoensureproperoperation. Thechoiceof CCRmayimpacttheloading
required.Consult with the manufacturer about potential CCR issues.

8.5.4Eachaddressabledevicewillconsumepoweronthesecondarycableoftheisolationtransformer.When
calculatingtheload,considerthepeakpowerconsumptionofthedeviceandaddthelossintheadditionalsecondary
cable, particularly if there is a secondary extension cable.

Synchronously flashing loads

8.5.5Thein-pavementrunwayguardlight(RGLconfigurationB)circuitisanexampleofapotentiallylargeload

swingon a circuit inthe rangeof30to32flashcyclesperminute. If all ofthein-pavement RGLfixtures onthecircuitare
exactlysynchronized,halfofthefixturesareonandoffatanypointintime.Butasthelampschangestate,thelamps
thathavejustbeenturnedoffprovidealmostnoload,andthelampsthathavejustbeenturnedonprovideabouthalf
theirload,sincethefilamentsarestillwarm.Asthefilamentswarmtofulloutput,the“on”lampsthenprovidetheirfull
load.Figure 8-2 illustrates the circuit loading.
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Figure 8-2. RGL load characteristic

8.5.6InFigure8-2,itisassumedthatal00percentloadiswithallin-pavementRGLfixturesenergized.The
selectionoftheCCRshouldincludeconsiderationforthistypeofloading. Thedesignermustensurethatthe
calculationswithregardtoefficiencyandloadingarecorrect. TheCCRmanufacturershouldalsobeconsultedastothe
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suitabilityofagivenCCRtothisapplication. Theavailablein-pavementRGLsystemsmayincludeabuilt-infunctionality

to distribute the loading to somewhatreducethedynamics for thecircuit. In addition, the timing ofthein-pavement RGLs
maybecriticaltoavoidthecasewherebothevenandoddlightsareoffatthesametime,resultinginverylowloading
bythein-pavementRGLs. Theremaybe asmallamountofacceptable,normalCCRoutputcurrentvariationastheload

is changing. For monitored series circuits, it is acceptable to slightlywidenCCRoutputcurrentmonitoringalarmlevelsto
eliminateunnecessarynuisancealarms.Theremaybeasmallamountofacceptable,normalCCRoutputcurrent
variationastheloadischanging.Formonitoredseriescircuits,itisacceptabletoslightlywidenCCRoutputcurrent
monitoringalarmlevelstoeliminateunnecessarynuisancealarms.Thedesignershouldconsultthemanufacturerofthe

CCR and in-pavement RGL controls about the compatibility and application of these components.

Asynchronously flashing loads

8.5.7Anexampleofanasynchronouslyflashingloadistheelevatedrunwayguardlightflashingintherangeof
45to50flashcyclesperminute.Typically, thetimingofeachflashingdeviceisunsynchronizedandtheserieslighting
circuitloadingatanygivenmomentmaydrift. Theaverageloadingtendstonormalizeoverlargercircuitsovertime,but
therecanbeperiodsoftimewhereloadingisquitevariable. Theremaybeasmallamountofacceptable,normalCCR
outputcurrentvariationastheloadischanging.Formonitoredseriescircuits, itisacceptabletoslightlywidenCCR
outputcurrentmonitoringalarmlevelstoeliminateunnecessarynuisancealarms.Thedesignershouldconsultthe
manufactureroftheCCRandelevatedRGLsastothecompatibilityandapplicationofthesecomponents.

Non-linear or reactive loads

8.5.8ElectronicdevicessuchasLEDfixtures,seriescircuitsignsandaddressablecomponentscanprovidea
non-linearorreactiveloadonthecircuit. Thesedevicescanincludeswitchingpowersupplieswhichmayimparta

capacitive characteristictothecircuitload.In addition,whenthecircuitisenergized,thesedevicescaninitiallyappearto

provide a relatively high-voltage drop and suddenly change to a lower voltage drop. The designer should consult withthe
CCRandelectroniccomponentmanufacturertodetermineiftherearecompatibilityissuestoconsider.

Circuit stability and loading on circuits with signs

8.5.9Someairsidesignsmaycontainasaturabletransformerthatensuresacontinuouslevelofluminance
throughtherangeofconstantcurrentregulatorbrightnesssteps. Thesesignsmayhavelarge swingsintheloadthey
presenttotheseriescircuitduringstartuporafteralampfails. Thistypeofloadmaynotbewell-toleratedbycertain
CCRs,resultingininstabilityorshutdownofthecircuit. Thedesignershouldconsultthemanufacturerofboththesign
and CCR to determine proper compatibility.

8.5.10Todetermine theloadrequirementsandCCRsizingforthesesigns,itwouldbeincorrecttosimplyaddthe
volt-amperes(VA)requiredbythesigns,theloadoftheremainingitemsonthecircuit,andthenperformthenormal
calculationsforcablelosses,transformerefficiency,etc. Thiscalculationwouldonlybevalidifthecircuitwaskeptatthe
highest step of6.6amperes. Consider a circuit with multiple signs that has asignloadof10000VAwithotherlightsand
lossesof3000VA foratotalof13000VA.A15kVACCRshouldbeadequateforthisloadatthehigheststep,witha
nominalmaximumoutputvoltageof2272volts.However,ifthe CCRissettoalowerstep,thesigncomponentsonthe
circuitwillstillrequire 10000VAtomaintaintheirluminance.At2.8amperes,the10000VAloadrequiresabout3570
voltsandtheCCRisthenundersized.Toprovidetheproperpowertothesign,themaximumvoltageneededbythe
signsatthelowestcircuitsteptobeusedmustbeconsideredalongwiththeVAoftheremainingcircuitcomponents,
cablelossesandseriesisolationtransformerefficiency.
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LED technology

8.5.11TheloadingofcircuitsthatincorporateLEDtechnologyandperhapsyetotherformsoflightingwillneedto
beaddressedthroughconsultationwiththepertinentmanufacturers.Theprinciples,however,remainthesameasfor
conventional incandescent lighting with respect to factors such as cable losses.
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Chapter9

AERODROMEGROUNDLIGHTINGSERIESTRANSFORMERS

Note.— AGL transformers are addressed in IEC 61823.

9.1FUNCTIONS

Seriestypelightingcircuitsuseaerodromegroundlighting(AGL)transformerstoprovidecontinuityofthecircuitsothat
failureofalampdoesnotproduceanopencircuitfault. TheAGLtransformeralsoprovidesadegreeofsafetyinthata
lowvoltageisproducedonthesecondaryorlampside.Thissafety,however,maybecompromisedwithashorting
failurebetweentheprimaryandsecondarywindings.Forsomeinstallations,by-passdevices,suchasfilmcut-outs
whichshortacrossthelampwhenthelampfails,areusedtoobviatetheeffectofsecondaryopencircuitsonthe
constant current regulator (see Figure 9-1).

Primary connector (receptacle)

Transformer body

Primary connector (plug)

Figure 9-1. AGL transformer
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9.2TRANSFORMER DESIGN

9.2.1AnAGLtransformerconsistsofaprimaryandasecondarycoilwoundonamagneticcoreinawaterproof
casewithprimaryandsecondaryleadsforconnectingtheseriescircuittothelamp.Theturnsratiooftheprimarycoilto
thesecondarycoilofaseriestransformeris1:1suchthatthelampcurrentisthesameasthatintheprimarycablefrom
theconstantcurrentregulator.Whileaturnsratioof1:lismostcommon,otherturnsratiomaybeused(refer9.5.1b)).
Theprimaryandsecondarycoilsareisolatedelectricallybutlinkedbythemagneticcircuit. Thesecondarycircuitis
subjectedtoalesserelectricalpotentialandsomeStateshavethepracticeofbringingoutonesideofthesecondaryto
agroundingconnection.Thecoreofthetransformerismagneticallyunsaturatedinoperation,butbecomessaturatedif
thelampsfailorthesecondarycircuitisopencircuited,thusmaintainingtheintegrityoftheprimarycircuit.Ifthelamp
circuitshouldbeshortcircuited,thetransformerwouldbeinano-loadconditionandhaveminimumeffectontheseries
circuit. Thetransformersshouldbecapableofcontinuousoperationatratedload,opencircuit,orshortcircuitwithout
damage.

9.2.2Wherethelightsaretobecontrolledindividuallythroughmeansofafieldmodule,thedesignshouldbe
such as to permit communication through the transformers of the circuit.

9.3ENCLOSURE

9.3.1Thewaterproofcaseforenclosingthecore,windings,andleadsmaybeofmetal,rubber,orplasticand
shouldbesuitableforinstallingbydirectburial,underwater,inbases,orexposuretotheweather. Thecaseshould
protecttheunitfromdamageifthetransformerisdroppedoriscarriedbyasinglelead. Thecaseshouldpreventwater
fromenteringthroughthecaseorwherejoinedtotheleads,maintainresiliencetoavoidshatteringordamageatvery
lowtemperatures,andprotecttheunitduringhandling,storage,installingandservice. Thecaseshouldbemadeof
flameretardant/self-extinguishingmaterial.

9.3.2Theprimaryleadsshouldbenotlessthan10mm?(#8 AWG)insizeandshouldbeinsulatedfornotless
than5000volts.Theseleadsshouldbenotlessthan50cmlong.Usuallytheseleadswillbeprovidedwithaplugtype
connectorononeleadandareceptacleontheothersuitableforconnectingtotheseries-circuitcable. Thesecondary
leadsshouldbetwo-conductorwithconductorsizenotlessthan4mm?orémm?(#120r#10AWG)andinsulatedfor
notlessthan600voltsandhavealengthofnotlessthan100cm.Usuallytheseleadsareprovidedwithasuitabletwo-
conductorconnectorforconnectingtothelight.

9.3.3Althoughthetransformeristobedesignedsoastobewaterproof,itshouldbeinstalledoncabletraysin
manholes or some form of separatorsuch as a brick in a deep base (transformer housings).

9.4AMBIENT TEMPERATURE

The transformers should be capable of operating in temperatures between —55°Cand+65°C.

9.5TRANSFORMER RATINGS

RatingsofAGLseriestransformersarebyoutputpower,primaryandsecondarycurrent,thefrequencyandthe
insulationvoltageofprimaryandsecondarycircuits. Thesetransformersmaybeeasilymanufacturedforalmostany
desiredrating.Some commonly available ratings are as follows:
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a)Power.Ratingsof30/45,65,100,200,300and500wattsarefrequentlyusedandsometimes1000
and 1 500 watts units are used. Ratings of 10/15 and 20/25 watts are available for LED application.

b)Current.Currentratingsareusuallygivenasaratioofprimarytosecondarycurrent. Commoncurrent
ratingsare6.6/6.6,20/20,6.6/20and20/6.6amperes.

c)Frequency.Thecommonfrequenciesare50and60hertz.Preferablythetransformershouldbeused
on the frequency for which it was designed.

d)Insulation.Most isolating transformersareinsulated for 5000voltsontheprimarycircuitand600volts
onthesecondary.Largerpowersizesoftransformersmayrequireahighersecondaryinsulation
because of their higher open circuit voltage.

9.6SEVERAL LAMPS FROM A SINGLE TRANSFORMER

Preferably each lightissuppliedbyitsowntransformer. Sometimestoreducetheinstallationcosts,suchasforinstalling
centrelinelightsonexistingrunways,ortoreducethemassandstrengthofcables,asfortallapproachlightsupports,
severallampsmaybeconnectedinaseriesacrossasingleisolatingtransformer.Thetransformermusthavethe
capacitytosupplythetotallamploadpluslinelosses. Twoproblemsofthisarrangementare:first,ifonelampfails
causinganopencircuit,theotherlampsareinoperativeunlesssuitableby-passdevicesareused;andsecond,atthe
instantoftheopencircuitfailuretheinstantaneoussecondaryvoltagemaybecomeverygreatespeciallyforthelarger
sizesof AGLtransformers. These problems are examined below.

9.7EFFECTS OF OPEN CIRCUITED SECONDARIES OF TRANSFORMERS

ThedesignofmostAGLtransformerslimitstheroot-mean-square(RMS)voltageofopen-circuitedsecondariesto

200 voltsorless.However,theinstantaneousvoltageofsometransformersatthetimetheopencircuitoccursmaybe
significantlyhigher.Transformerswithmagneticcoresdesignedtosaturateatavoltageonlyslightlygreaterthantheir
operatingvoltageusuallyhavelowerRMSandinstantaneouspeakopencircuitsecondaryvoltagesthandoless
saturatedtransformers.HighRMSopencircuitvoltagesrequirehighersecondaryinsulationandpresentagreater
electricalshockhazard,buttheyalsomakefilmcut-outoperationsmorereliable. Thereactanceofseries/series
transformerswith open circuit secondaries distorts the primary current waveform, and the resultingharmonic frequencies
may affect the regulation of some types of constant current regulators.

9.8LAMP BY-PASS DEVICES

WhetherlampsareconnecteddirectlyintotheseriescircuitorasagroupinseriesacrossasingleAGLtransformer,

when the filament of one lamp burns out all the lamps ofthegroupareoutunlessa suitableby-passdeviceisconnected
acrosstheterminalsofthefailedlamp.Fromtheearlydaysofserieslightingcircuitswithoutsuchtransformers,fused
filmcut-outshavebeenusedtoby-passfailedlamps.Forthisdevice,spring-loadedcontactsareconnectedacrossthe
terminalsofeachlamp.Thespring-loadedcontactsareseparatedbyafilmcut-outwhichisasmalldiskofathinnon-
conductingfiimbetweenconductingoutersurfaces.Whenthelampisoperating,thefilimdiskkeepsthelampterminals
insulatedfromeachotherandthelampfilamentcompletestheseriescircuit.Ifalampfilamentfails,thevoltageacross
thelampterminalsrapidlyrisessoastocauseperforationofthefilm,shortingoutofthelampterminalsandrestoration
oftheseriescircuitbefore theconstantcurrent regulator'sopen circuit protectionoperates. When the lamp isreplaced.a
newfusedfilmcut-outmustbeinstalled. Theopencircuitsecondaryvoltagepeakofsometransformersmaybe100to
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200voltsorless.Fusedfilmcut-outswhichoperateatthesevoltagesareavailablebutmaybeunreliableastheopen
circuitvoltagemayfailtoperforatethefilmcut-outandshortoutthefailedlamp.Arecentdevelopmentofaby-pass
deviceforlampsinthesecircuitsisashortingrelay. Theserelaysaremoreexpensivethanfusedfilmcut-outsbut
providemorereliableoperation.

9.9TRANSFORMER STAND

9.9.1Where AGLtransformersareinstalledintransformerhousings(lightbase),ithasbeencommonpracticeto
placethetransformeronasupportsuchasabrick. Thebrickwasprovidedforavarietyofreasons:earlydesignsof
transformerdidnotsurvivewellinwater;thespacingwasconsideredtoreducedielectricstressesbetweenthesteel
baseandtransformer;theadditionalisolationprovidedahigherdielectricstrengthwhichmighthelppreventlightning
damage.Althoughtoday'sAGLtransformershavemuchimprovedwaterwithstandcapabilityandthebenefitofisolation
fromthebottomofthelightbasehasnotbeenverified,thepracticehascontinued.Raisingthetransformermayhave
someadvantageformaintenanceaccessespeciallyinwinter.Oneshouldtakecaretoensurethatthebrickdoesnot
coverthedrainholeinthebottomofthebases.Someairportshaveadopteduseofamanufacturedstandoruseofa

piece of plastic channel as shown in Figure 9-2.

9.9.2Alternatively,thetransformermaybehungfromthewallof thehousing,bymeansofahangerasshownin
Figure 9-3, especially where the housing is made of non-metallic material.

9.100THERDEVICES

TheAGLtransformerwasdevelopedasameansofpoweringlightunitswithinaseries-typecircuit. Otherdevicesofthe
samenaturehaveevolvedtomeetfurtherrequirements,suchasthepoweradaptorshowninFigure9-4,whichis
designedtoprovideinputtovoltage-ratedlampssuchaswinddirectionindicatorlampsandrunwaythresholdindicator

lights. Additions may be made to the transformer to allow addr
essing of the lightunits.

Issue 6, Rev. 3 Dated Oct., 2020 Page 101



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

L - — e e _ = = = ]

Figure 9-3. Transformer hanger
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Figure 9-4. Power adaptor (source: ADB Airfield Solutions)
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Chapterl10

CONTROLANDMONITORINGOF
AERODROMELIGHTINGSYSTEMS

Notel.—Thischaptergivesanoverviewofcontrolandmonitoringsystems.Acknowledgingthat
technologyismovingquicklytoprovideyetfurtherdigitalsolutions,onlybasicexamplescanbegiven(seealso
Figurel0-1_.

Note2.—Withregardtocontrolandmonitoring,thereadermaywishtoreferto:IEC62144—Technical
requirementsforAeronauticalGroundLighting(AGL)controlandmonitoringsystems;|IEC62143—Guidelinesforthe
development of a safety lifecycle methodology.
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Figure 10-1.Control station in air traffic services tower (source: ATG airports)
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10.1APRON CONTROL PANEL

10.1.1Althoughthischapterprimarilyexaminesthecontrolandmonitoringoflightinginstalledonthe
manoeuvringarea(approach,runwayandtaxiwaylighting),asecondcontrolsystemmaybeprovidedforlightinginthe
apronarea,suchasfloodlighting,aprontaxiwaylighting,aircraftstandtaxi-lanelighting,aircraftstandmanoeuvring
guidancelightsandvisualdockingguidancesystems.Thegraphicsofthissecondcontrolmaybeoperatedremotelyto

the operations/maintenancecentre.lt may be necessary toprovideadegree of interfacebetweenthispanelandtheone
installed in the ATS tower.Figure 10-2 shows an apron control panel as installed at Munich International Airport.

10.1.2This control panel enables operation of lighting on the apron to facilitate the flow of aircraftfrom taxiwaysof
themanoeuvringareatothegatepositions.Forcomplexapronswithnumerousgatepositions,provisionshouldbe

made such that only the aircraft stand manoeuvring guidance lights for the gate intended to accept theaircraftareturned
on.Thevisualdockingguidancesystemisalsoturnedonatthistime.Similarly,theapronfloodlightingmaybe

controlled so as to be dimmed or turned off when the gate to which it applies is not in service.

10.2CONTROLCIRCUITRY

10.2.1Thecontrolcircuitryforaerodromelightingprovidesthemeansofswitchingonoroffandofchangingthe
intensity of the various lighting systems.Thesecontrolsmaybemanualorautomatic.

Local control

10.2.2Thesimplestcontrolmethodisaswitchatthe powersupplyunitwhichisoperatedbyapersontoenergize
orde-energizethecircuit. Thiscontrolmethodmightbeusedatsmallaerodromeswithareducednumberoflighting
systemcircuits.Atlargeairports,ameansoflocalcontrolintheelectricalvaultshouldbeprovidedasanalternate
control point during emergencies. This local control should replicate the control in the ATC tower.

Remotecontrol

10.2.3Thecontrolmeansprovidedforlargeaerodromesisconsidered"remote"inthatitisremotefromthe
powersuppliesintheelectricalvault. Someaerodromesmayhaveadditionalremotecontrolstationsatotherlocations,
suchastheoperationsdatacentreormaintenancecentre,withmeanstoenableactivationofaparticularstation
providedinthepanelinstalledintheATCtower.ltisalsopossibletoprovidearemotecontrolmeansatanother
aerodromeorflightservicestation.

10.3TYPES OF REMOTE CONTROL SYSTEMS

10.3.1Severaltypesofcontrolsystemsareusedforaerodromelighting. Traditionalcontrol/monitoringsystems,
bothmilitaryandcommercial,havebeenrelaysystems.Typically,asshowninFigure10-3,cablesrequiredforthese
typesofsystemsaremulti-pair(fiftyormorepairs)cablestoconnecttheelectricalvaulttotheairtrafficcontroltower.
Althoughdesignsofcontrolsystemshavechangedthroughouttime,theavailabilitylevelcontinuestobeanimportant
parameter,therefore,communicationshavetobeconsideredcarefully.
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FigurelO-1.Control station in air traffic services tower (source: ATG airports)
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Figure 10-2. Apron control panel (source: Munich International Airport)
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Traditional control/monitoring system
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10.3.2Thedistancebetweenthecontroltowerandelectricalvaultcanbesignificant,resultinginacostlycable
installationwiththecablevulnerabletodamageorfailureofoneormorepairsinthecable.lnaddition,these
communicationscablesrequireseparateductsystemstoeliminateinterferencefromthepowercables. Thetraditional
relaypanelandmulti-conductorcontrolcablecanbesimplifiedbyusingamultiplexer,whichrequiresonlyaone-pair
cabletocommunicatebetweenthevaultandtower(orotherstation). Amultiplexercanalsobebuiltintoa
programmablelogiccontrolsystemsothat,ifyouloseonepairforsomereason,youcantransferthecontroltoanother
pair rather than replace the whole cable.

10.3.3Inthetraditionalcontrolsystem,alternatingcurrent(AC)powerisoftenusedtoenergizethecontrols. This
ACpowermaybeatalowdistributionvoltageorataspecialvoltagemoresuitableforthelengthofthecontrolcable
runsandthesizeoftheconductor. Thesecontrolsmaybeconnecteddirectlytothepowercontroldevicefromthe

remote controlpanel or by auxiliaryrelaystooperatethecontrol devices. Alternately, some control systems use 240r48
voltDCforthecontrolvoltage,especiallytoreduceinductivecouplingbetweencircuits. Someaerodromesuseradio
signalsfortransmissionofcontrolfunctions,eitherair-to-groundforpilotsorground-to-groundforequipmentlocatedin
areasnoteasilyaccessibletotraditionallandlinecontrolcircuits. Thesecontrolsystemsshouldbecapableofahigh
degreeofoperationalreliabilityandshouldbedesignedtoprovide,asfaraspossible,theintegrityofthelighting
patternsselectedregardlessofcontrolcablefaultsorequipmentfailures.Formoderninstallations,conventionalcopper
pairs are being superseded byfibre optic control cables.

Computerized control system

10.3.4Inrecentdecades,therehasbeenconsiderableadvancementinthedesignofcontrolsystems.Early
designsinvolvingtheuseoftoggleswitchesandrotarypositionswitcheshavegivenwaytothemodernaerodrome
lightingcomputersystem(ALCS)consistingofhuman/machineinterface(HMI)units,programmablelogiccontrollers,
remoteterminalunits,asupervisory(computer)system,andacommunicationsinfrastructure.AsshowninFigure10-4,
mostcriticalcomponentsareredundantwithtwonetworkconnections.Additionalbackupmaybeprovidedbymeansof
radioground-to-groundcommunication.

Mimicdiagrams

10.3.5Early forms of a control panel, consisting of toggle and rotary switches,required that thecontroller examine
thephysicalpositioningoftheswitchtoverifywhathadorhadnotbeenturnedon.Mimicdiagrams,asillustratedin
Figure10-5,evolvedforaerodromeshavingcomplexpatternsoflighting.llluminationofcomponentsofthemimic
enables a quick overview of the airfield status.

10.3.6Such mimic diagrams, however, were specific to individual layouts and thus involved considerable cost,not
only for first production but also forlater modificationasadditionallightingfacilitieswereinstalledattheaerodrome.With
theuseofgraphicssoftware,moderninstallationscanhavethemimicdiagramsalongwithanycontroldevices
displayedonatouch-sensitivescreenasshowninFigure10-6.Touch-sensitivescreensmaybeofinfrared,surface
acoustical wave (SAW), resistive or capacitive technology.

10.3.7Animportantfeatureofcontrolsystemsforreducedandlowvisibilityoperationsisaselectioncapability
providedtoAT Sforturningonthesecondarypowersupply.Figure10-7illustratesacontrolmoduleforturningonthe
diesel-electric generator upon declaration of Category |l operations.
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Mimic diagram with physical controls
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Figure 10-6. Mimic diagram and buttons on touch-sensitive screen (source: ADB Airfield Solutions)
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Figurel0-7.Utility/secondary power supply control

Data pages
10.3.8Perhapsthemostsignificantbenefitofthe ALCSisthatitcanprovidedatapageswithinformationon

facilitystatusaswellasmaintenanceactivitiesundertaken.Thehistoricalrecordofthisdataenablesrefinementof
preventive maintenance planning, installation improvements and budgetary forecast (see Figure 10-8).

10.4TRANSFER RELAY PANEL
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10.4.1Forsafetyofmaintenancepersonnelandtoavoidconflictingoperationofthecontrols,onlyonecontrol
stationshouldbeabletooperateatanyonetime.Transferrelaypanelsareusedtoswitchtheoperatingcapabilityfrom
theprimarycontrolpaneltothealternatecontrolpanel. Toaccommodateallthecontrolcircuitsinvolvedinthetransfer,
severaltransfercontrolpanelsmaybeusedbutusuallyasingletransferswitchactuatesallofthecontrolpanels. The

transfer control panels and the transfer switch are usually located at the siteof the alternate control panel.FortheALCS,
theswitchtransfercanbeincorporatedasabuttonontothemonitorscreen.Activatingthebuttonshouldbringupa

dialogue box requesting identification and password.
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Figurel0-8.Data pages for operational performance and maintenance diagnosis
(source: Liberty Airfield Lighting)
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10.5USE OF RELAYS

10.5.1Relaypanelsforlongcontrolcircuits.Wherecontrolcircuitsarelong,thevoltagedropinthelinesmaybe
suchthatpowercontroldevicescannotbeoperateddirectlyfromtheprimaryremotecontrolpanel.Evencircuitswhich
earlieroperatedsatisfactorilymaybecomeinoperativeafteradditionalcontrolcircuitsareadded. Topermitcontrolata

longer distance, relayswith low-current coils may be used to energizethecontrols ofthepowerequipment.These relays
areoftenassembledinpanelscontainingseveralrelays(sixteenormore)calledpilotrelaypanels.Arelaymaybe
providedforeachcontrollinefromtheprimaryremotecontrolpanel. Thecontactsoftheserelayscontrolthepowerto

the switches or controls of the power equipment functions.

10.5.2InthecaseoftheALCS,communicationbetweenthecontroltower,operationsroomandelectricalvaultis
normallybymeansofafibreopticlinkwhichisnotlimitedbydistance,voltagedropsorevenelectromagnetic
interference.

Relaysinthefield

10.5.3Someindividualvisualaidsorsmalllightingloads(aerodromebeacons,winddirectionindicators,sections
ofobstaclelights,simpleapproachlightingsystems,etc.)mayobtainpowerfromalightingvaultorfromalocalsource
ofpower.lfthepowerisfromalocalsource,therelayforcontrollingtheselightsisusuallylocatedatornearthelightor
sourceofpower.lfthedistanceislong,theconductorsofthecontrolcablemayneedtobelargerinsizetoreducethe
voltagedrop.

Circuit selector relays
10.5.4Forseriessystems,itissometimesdesirabletosupplytwoormorelightingcircuitsfromtheoutputofa
single constant currentregulator.To this end, a cabinet of circuit selector relays as showninFigure10-9isused.Typical

applicationsare:

a)switchingofPAPI,VASIS,andapproachcircuitsfromoneapproachendtotheoppositeendsoasto
reduce the number of regulators;

b)providingindividualcontrolofmultiplesmallloads(e.g.taxiways)whichenablesstandardizationof
regulator sizes while still providing individual circuit control; and

c)controllingofstopbars,lead-onlightsanddirectionaltaxiwaycentrelinesaspartofasurface
movement guidance and control system (SMGCS).

10.6INTERCONNECTIONOFCONTROLS

10.6.10ftentheoperationsattheaerodromearesuchthatcertaincombinationsoflightsarealwaysused
togetherorothercombinationsareprohibited. Toenablethefunctionalityofthelatter,interlocksareprovided.Examples
are:

a)Runwayedgelights,thresholdlights,andrunwayendlightsmaybeoperatedatthesametime
although the power may be provided from different circuits.
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Figure 10-9. Selector relay cabinet (source: Liberty Airfield Lighting)
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b)Runwayedgelightsmaybeoperatedwithouttherunwaycentrelinelights,butiftherunwaycentreline
lights are used the runway edge lights are always energized.

c)Sequenced-flashinglightsoftheapproachlightingsystemcanbeusedonlywhentheincandescent
lights of the approach system are on.

d)Settingoftheintensitycontrolforagivenatmosphericconditionmayoperatetheapproachlighting
systematoneintensitystep,therunwaylightsatanotherintensitystep,andthetaxiwaylightsatyet
another intensity step in order to maintain a balance between the lighting systems.

e)Rapidexittaxiwaycentrelinelightsmaybegivenindividualcontrolandanintensitylevelwhichisthat
of the associated runway centreline lights.
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f)Thecontrolsystemmaybedesignedsuchthatthecontrollercanobtainacombinationoflighting
facilitiesforaspecificmodeofoperation.Forexample,forlandingonaparticularrunway,asingle
selectionforsay"Landing31"willresultinapproach,runwayandtaxiwaylightingbeingturnedonin
unisonatintensitylevelsdeterminedautomaticallyinreferencetovisibilityconditions.Similarly,
runwaylightingandlowvisibilitytaxiwayroutesmaybeselectedfromasinglecontroldevice. The
system design should enable ATC to override the automatic control.

g)Stopbarsarenormallyinstalledalongwithanassociatedsystemofgreen”lead-on"lighting. The
controlissuchthatATCcanturnonallofthestopbarsforarunwayandthenhaveindividualcontrol
ofthosegivingaccesstotherunwayendsoratlocationsforrunwaycrossing.Whenthestopbaris
turnedoff,theassociatedlead-onlightsareilluminatedtogiveavisualconfirmationofvoice
instructiontoproceed. Thestopbaristurnedbackonthroughsensing(microwavesensors,pavement
loops,etc.)ofthepassingoftheaircraftorasatimedresponse.Whenthestopbaristurnedbackon,
theassociatedlead-onlightsareturnedoff.

10.7AUTOMATIC CONTROLS

10.7.1Sometypesofaerodromelightingaidsmaybecontrolledsatisfactorilybyautomaticcontrols.Moreoften
theseautomaticcontrolsareusedatsmallerairports,buttheymaybeusedforlesscriticalvisualaidsatlarge
aerodromes,especiallyatlocationsnoteasilyconnectedtothecontrolcircuits. Theinstallationdesignshould
incorporate an override capability for the automatic control of certain lighting systems.

10.7.2Photoelectriccontrolsmaybeusedtoenergizeandde-energizeaerodromebeacons,winddirection

indicators, and obstacle lights in less criticalareas.The controls are usually actuated by north-sky illuminance levels with
switching taking place from 600 to 350 lux for daytonighttransitionandfrom350to 600luxfornighttodaytransition. In

the case of aerodromes in the southern hemisphere, light-sensitive switches should face towards the south.

10.7.3Timeswitchesmaybeusedtoautomaticallycontroltheaerodromelightingataerodromeswithnon-
instrumentcapabilitywherethevisualaidsareturnedoffafteracertainhouratnighttoconserveenergy.Theswitch
shouldbeoftheastronomictypewhichisself-adjustingforseasonalchangesinsunriseandsunset. Thermalcontrols
maybeusedtoactuateheatersofsomevisualaidstopreventtheformationoraccumulationofice,snowor
condensation.

10.8ADDRESSABLE LIGHTS

10.8.1Lightfixturesthatarecontrolledindividuallyarereferredtoas"addressablelights".Figure10-10showsa
typicalpowerlinecarrierarrangementforaddressableswitchingdevices.Eachfixtureisconnectedtoanaddressable
control andmonitoring unittACMU)onthesecondary cableof theisolationtransformer. There isan interfaceinthevault
thatsendscontrolsignalsontotheserieslightingcircuit. TheACMUSsinthefieldreceivethesignalsgeneratedontothe
cablebytheseriescircuitinterfaceturningonthelightandprovideamonitoringresponseastoactivation.EachACMU

is programmed with unique configuration parameters that pertain to the associated fixture.

10.8.2Althoughthemajorityofinstallationsuseapowerlinecarriertechnologysincenoadditionalcableis
required,addressableswitchingsystemsarealsoavailableusingfibreopticortwistedpaircopperwireasameansfor
datacommunication. Thedesigner mustbe aware,however,thateachtypeofdatacommunicationsmethodhasitsown
setofdesignrequirements.
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Figure 10-10. Addressable lights

10.9RESPONSETIME

TheresponsetimeoftheALCSshouldbesuchthatwhereachangeofoperationalstatusoccurs,anindicationis
provided within 2 seconds for stop bars and within 5 seconds for all other types of visual aids
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10.10MONITORING OF AERODROME LIGHTING CIRCUITS

10.10.1Paragraph8.3of ,Statesthatasystemofmonitoringshouldbeemployedtoindicate
theoperationalstatusofthelightingsystem.Visualmonitoring,exceptforwhatairtrafficcontrolmayseeandpilots
report,isseldomused.Somedesignsofmonitoringoflightingsystemsonlyindicatethatthepertinentswitchhasbeen
placedintheONposition.Adesirablemonitoringsystemisonewhichrespondstotheactualenergizingofthelighting
system in the field.Partial or incomplete monitoring systems can create a false sense of security.

10.10.2 Chapterl0definesanunserviceablelightunitasthatforwhichthereisalossof
outputsuchthatthemainbeamaverageintensityislessthan50percentofthevaluespecifiedintheappropriatefigure

in Appendix2ofECAR139. For light unitswherethedesigned mainbeamaverageintensityisabove thevalueshownin
Appendix2,the50percentvalueisrelatedtothatdesignvalue.AtleastoneStatedefinesalightfailureasareduction

below 70 per cent of the requiredintensity.In the case of regulator monitoring systems, it isnotyetpossibletoindicatea
failurewhichisanintensityreductionandthereforemonitoringiswithrespecttototallossofoutputduetoopeningofa
lampfilament.Similarly,amonitoringsystemusingsensorsattheregulatoroutputcannotdetectothermodesoffailure

such as obscuring by grass, snow or rubber deposit.Therefore, the daily field inspection remains a necessity.
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10.10.3LightfixturesdesignedwithanLEDsource(s)donothavethesamefailuremodeasalighthavingan
incandescentlamp.Inbrief,thereisnofilamentthatmightopenthecircuitsoastocauseameasureablechangein
circuitcharacteristics. TheLEDIlightdesign,therefore,shouldhaveanabilitytoprovideanopencircuit(fail-open)atthe
secondary cable of the AGL transformer, or draw zerocurrentonaconstantvoltagecircuit. This isparticularly requiredif
the fixture is to be retrofitted into an existing circuit with monitoring means.

10.10.4The lighting systems are monitored for the following fault conditions:
a)loss of AC input power tothe constant current regulator;
b)shutdown of the regulator due to operation of protective circuits;
c)a 10 per cent or greater drop in the volt-amperes (VA) delivered to the series circuit;

d)failureoftheregulatortodelivertheoutputcurrentthatcorrespondstothebrightnessstepselected;
and

e)failure of a preset number of lamps in the series circuit.

10.10.5Thosefaultconditionswhichpertaintototalcircuitfailure—thatis,lossofthelightingtothepilot—are
alarmedtotheATC.Thosefaultsthatarerelatedtomaintenancecriteria,suchasfailureofapresetnumberoflamps,

are indicatedtoanoperationscentreortothemaintenancecentre.Wherea lightingsystemiscomposedof twoormore
circuits,thefailureofonecircuitmaybealarmedtoATC;althoughthepatternreductionissufficientforaircraftuseon

an emergency basis, it is a system failure for continued operation.

10.11CLASSES OF MONITORS

Monitorsmaybeclassedasactiveorpassive.Activemonitorstakeapredeterminedactionwhenaspecificconditionis
sensedorataselectedtimeaftertheconditionoccurs.Examplesofmonitorsinthisclassaretheprimarysource
voltagesensorswhichautomaticallystartthesecondaryengine-generatorsetandtransfertheloadwhentheprimary
powersourcefails,orthehigh-intensitytimelimitcontrolwhichautomaticallyresetstoalowerintensitystepandsounds
abuzzerand/orenergizesanindicatorlampafterthelightshavebeenatfullintensityformorethan15minutesl.
Passivemonitorsprovideasignalsuchasanindicatorlampilluminationorbuzzerwhenapredeterminedcondition
occurs.Ahumanoperatormustevaluatethemeaningofthesignalandtakeappropriateaction.Examplesofpassive
monitoring are the sequence flashing lights monitorwhichalertswhena preselectednumberoflightsis inoperativeor an
indicator which shows failure of specific circuits.

10.12MONITOROVERRIDECONTROLS

Oftencontrolsorprocedureswhichcanbeusedtooverrideorcircumventtheactionofthemonitorareprovided. By
activatingaparticularcircuitorresettingacontrol,theoperatorcanmaintainsystemoperationwithoutchangeforanew
orindefinitetimeperiod. A further signal indicating the monitor's responsemay be providedduringtheoverride operation
tokeeptheoperatorinformedthatthesystemisinanundesirableoperatingstatus.Anexampleistoresetthetimerto
fullintensityoperationsatthebeginningofeachapproachinlowvisibilityconditionstoensurethatthelightswilinot
automatically be changed to a lower intensity during the approach.

1.Automaticresettingoftheintensityisnotdesirablesincethechangecouldbemadewhenapilotisinacriticalpartof hisapproach.

Issue 6, Rev. 3 Dated Oct., 2020 Page 124



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

10.13INSULATION RESISTANCE MONITORING SYSTEM

Constantcurrentregulatorscanbeprovidedwithaninsulationresistancemonitoringsystemwhichenablesrealtime
monitoringofthecircuitsaswellastogeneratestatisticalreports.

10.14AIRCRAFT RADIO CONTROL OF AERODROME LIGHTING (ARCAL)

10.14.1Radiosignalsfromaircrafttocontrolaerodromelightingsystemshavebeenused,toalimiteddegree,at
smalleraerodromesforseveralyears.Thiscontrolmethodhasseveraladvantagesinthatitpermitsthepilottoselect
thelightintensityofhischoice,eliminatestheneedforcostlycontrolcables,andconservespowerbyhavingthelighting
systemde-energizedwhennotneeded.Radiocontrolsforair-to-ground,ground-to-groundandacombinationofair-to-
groundandground-to-groundsystemsareavailable.Ground-to-groundcontrolisusedmostlywhencablecontrol
circuitsarenotavailableandarenotpracticaltoinstall. Ground-to-groundcontrolshouldbeusedonlytemporarilyuntil
the necessary cables can be installed.

10.14.2Foraircraftradiocontrolofaerodromelighting(ARCAL)orair-to-groundoperation,onlyareceiverand
decoderareinstalledontheairport. Thisformofcontrolhasbeenusedtocontrolrunwayedgelights,taxiwayedge
lights,simpleapproachlightingsystems,visualapproachslopeindicatorsystems,asindividualsystemsorin
predeterminedcombinations at uncontrolledaerodromesorat otheraerodromesduringperiodswhenairtrafficcontrolis
notinoperation.Obstaclelightingshouldnotberadiocontrolled;however,theymaybelinkedtoakeyfacilitywhich
determinestheoperationaluseofthesite.For example,obstaclelightingataheliportmaybeturnedonwiththeheliport
lightingsincetheyareonlyrequiredwhentheheliportisinoperation.Suchlinkagerequirestheapprovalofthelocal
authority.

10.14.3TheactuatingsignaloftheARCALisprovidedbyaspecifiedshortseriesofclicksaccomplishedbykeying
themicrophoneoftheaircraftcommunicationstransmitterasindicatedinTable10-1.Attheendofaprescribedperiod,
e.g.15 minutes,the lightswillbeeitherturnedofforreturnedtoapresetbrightness. The systemmayberecycledatany
timeforanotherl5-minuteperiodatanyintensitystepdesiredbykeyingthemicrophonetheappropriatenumberof
times.Exceptforrunwaythresholdidentificationlights(RTIL)withoneortwosteps,thelightingsystemsmaynotbe
turnedoffbyradiocontrolbeforetheendofthe15-minutecycle.

10.14.4TheARCAListunedtoasinglefrequencyintherangeof118-136 MHz,whichisassignedbythelocal

authority. Wheneverpossible,thecommontrafficadvisoryfrequency(CTAF)isusedforradiocontrolofairportlighting.
TheCTAFmaybeUNICOM,MULTICOM,FSS,ortowerfrequencyandisidentifiedinappropriateaeronautical
publications.

Interfacing the radio control with the lighting systems

10.14.5Theoutputofasingleairport-ownedradiocontrollerisusuallyconnectedtothecontrolinputsofseveral

lighting systems. The radio controller maybe directly connected tothelightingsystems, oraninterfaceboxmaybeused
toreducetheloadontheradiocontroller'soutputrelaysortoallowadditionalswitchingcapabilities. Thefollowing
paragraphs examine the design considerations when interfacing a radio control with several lighting systems.

10.14.6The radio control system is configured so that the runway lights are onwhenever theother lightingsystems
servingtherunwayareon(exceptduringdayoperations).Whenarunwayhasapproachlightsthatareradiocontrolled

and edge lights that are not, then the edge lights are left onat a brightness selected according to the anticipatedweather
conditionsduringthehoursofnightoperation.Iftherunwaylightsareradiocontrolledandtheapproachlightsarenot,
thentheapproachlightsmaybeleftofforatapreselectedbrightness. Theapproachlightsmustneverbeonwhilethe
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10.14.70nrunwayswheretheapproachlightsandtherunwaylightsarebothradiocontrolled,theintensitiesof
both systems are increased or decreased simultaneously by the radio control.

10.14.8WhiletheARCALequippedwiththreecontrolfunctions,airportlightingsystemsmayhaveone,two,three,
orfiveintensitysteps.Table10-1givesanexampleonhowtointerfacetheradiocontrolwiththeintensitystepsofthe

airport lighting system. For example, a lighting systemwithfiveintensity stepswouldbeconnectedsothatthreeclicksof
themicrophonewouldenergizebrightnesssteplor2 fiveclickswouldenergizestep3,andsevenclickswould
energizestep5.Theairportauthoritymayselecteithersteplor2forthelowestbrightnesssetting,dependingonthe
background lighting at the airport.

10.14.90nsystemswheretheintensityisautomaticallycontrolledbyaphotocellorothermeans,theradiocontrol
will simply energize the system and the intensity will be selected automatically by the photocell.

10.14.10RTIL systems may have one or more intensity stepsand should be tailored tothepilot environment.Where
theRTILhasmorethanoneintensitystep,thecommonpracticeistohavetheRTILturnedoffwhentheassociated
runwaylightingisselectedforlowerintensities(threeclicks)andenergizedforselectionatthehigherintensities(five
andsevenclicks).Forathree-stepRTIL,theselectionisforlow,mediumandhighcorrespondingtothree fiveand

seven clicks respectively.

10.14.11When air-to-ground radio control is used at night, the lighting system may not beenergized for longperiods
oftime.Duringthese*idle”periods,theairportbeacon,obstructionlights,andanyotherlightingsystemsthatarenot
radiocontrolledwillcontinuetooperatewhiletheradio-controlledsystemsareoff. Asanoption,therunwayedgelights
maybeleftonalowintensitystep,dependingonlocalconditions.ftherunwaylightsareleftonduringidleperiods,

other lighting systems may also be left on at a pre-selected intensity.

10.14.12Sincetherunwayandtaxiwayedgelights,approachlightsandlightingfortaxiwaysignsarenotnormally
neededduringtheday—exceptduringrestrictedvisibilityconditions—theradiocontrolsystemmaybeconfiguredwitha
daymodethatenergizesonlythoselightingsystemswhichareusefulduringtheday.Usingthiscontrolmode,however,
meansthatdaytimeinstrumentflightrule(IFR)proceduresassociatedwiththedeactivatedlightingsystemsmaynotbe
used.Thedaymodemaybeselectedautomaticallybymeansofaphotocellormanuallybyuseofaswitch.lnareas
withheavyvoicetrafficonthefrequencyusedbytheradiocontroller,theremaybenuisanceactivationduetothree
randommicrophoneclicksina5-secondperiod.Ifthisisaproblem,thethree-clicksettingontheradiocontrolmaybe
by-passed for daytime use.

10.14.130thercontroldevices, suchasinterlocks,photocells,andswitches,maybeusedtoprovideflexibilityofthe
radiocontrolsystemunderdifferingoperationalconditions.Forrunwayswithlightingsystemsonbothendsofarunway
oratairportswithmorethanonerunway,itmaybedesirabletoincorporateamanualswitchingsystemtoallowthe
airportoperatortochoosewhichlightingsystemswillbeenergizedbytheradiocontrol. Thiswillpermitthepilotto
activate only those lighting systems that serve the active approach runway and taxiways.
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Table 10-1.Example of how to interface of radio control with airport visual aids

Intensitystepselected

pernumberofmicrophoneclicks
Numberof

Lightingsystemintensitysteps3clicks5clicks7clicks

Approachlights2LowLowHigh

3LowMediumHigh

51or234*
Edgelights
Low intensitylOnONON
Mediumintensity3LowMediumHigh
Highintensity51or234*
Taxiway edge lights10OnOnOn
2LowLowHigh

3LowMediumHigh

Runway centreline51or234*

Touchdown zone lights51or234*

Taxiway centreline lights3LowMediumHigh

51or234*

Runway threshold indicator lights1O0ffOffOn

20ffLowHigh

3LowMediumHigh

PAPI30nONON

51or234*

Wind direction indicatorlOnOnOn

*A photocell may be installed in the system to allow the 5-click setting during daytime operations.
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Chapterll

INCANDESCENTANDGASEOUSDISCHARGELAMPS

Note.—Thischapterexaminesconventionallampsusedforaviationgroundlighting.Newtechnologyin
the form of light emitting diode (LED) lamps is examined in Chapter 12, 12.2.

11.1INCANDESCENT LAMPS

11.1.1Incandescentlampsareusedinmostfittingsinstalledinaerodromelightingsystems.Thefollowing
characteristics of incandescent lamps are pertinent to the design of the aerodrome lighting circuits.

11.1.2Thelightoutput,life,powerconsumed,andefficacy(efficiency)ofincandescentlampsisacomplex
functionoftheappliedvoltageorcurrent,asindicatedinTable11-landFigurell-landFigurel1-2.Forexample,if

the voltage applied toalampis 5percent greater thanratedvoltage, the lightoutput(lumens)willbeabout120percent
ofratedlightoutput,andthelamplifewillbeaboutone-halfthedesignlife. Theeffectsofchangesinlampcurrentare
greater.Ifthecurrentthroughalampis5 percentaboveratedcurrent,thelightoutputwillbeabout135percentofthe
ratedlightoutputandthelamplifewillbeaboutthree-tenthsthedesignlife. Thesevaluesillustratetheneedforclose
controloftheappliedvoltageorcurrent.

Tablell-1.Incandescentlampsequations

Note.— The exponentsinthe above equationswillvaryfor differentlamptypes,fordifferentlampwattages
andforvariousrangesofpercentvoltagevariation.Thevaluesgivenaboveareroughlyapplicabletovacuumlampsof
aboutl0lumensperwattandgas-filledlampsofabout16lumensperwattinavoltagerangeof90to110percentof
ratedvolts.Forcharacteristicsoutsidethisrange,refertoFigure11-1landFigure11-2.Whatisofimportancehereisto
realize that operating aviation lamps in excess of their rating substantially reduces life.
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Figurell-1.Effect of voltage variation on the operating characteristics of incandescent filament lamps
in general lighting (multiple) circuits (adapted from IES Lighting Handbook 1984)
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Figure 11-1. Effect of voltage variation on the operating characteristics of incandescent filament lamps
in general lighting (multiple) circuits (adapted from IES Lighting Handbook 1984)
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11.1.3Thedesignerofanaerodromelightingsystemmayhavesomelatituderegardingthechoiceoflampsfor
certainaerodromelightfixtures,selectingaserieslamp,alow-voltagemultiplelamp,orahigher-voltagemultiplelamp.
The following factors are pertinent in the choice:

a)thevoltagedropacrossserieslampsusuallyfallsinthe"low-voltage"category;thevoltagedrop
acrossa6.6amperes,200wattrunwayedgelightis30volts,andthevoltagedropacrossa
20 amperes, 500 watt approach light lamp is 25 volts;

b)becauseoftheirdifferencesindesigntolerances,serieslampsshouldnotbeusedinparallelcircuits
andmultiplelampsshouldnotbeusedinseriescircuits;and

c)thelifeofa’"low-voltage"lampwillbegreaterthanthatofa"high-voltage"lamp,foragivenrated
power consumption and light output.

Tungsten-halogen lamps

11.1.4Manylampsnowbeingusedforaerodromelightingaretungsten-halogenlamps.Thefilamentsofthese
lampsareenclosedinsmallquartztubeswhichcontainsmallamountsofahalogen,suchasiodine,inadditiontothe
usualinertfillgas.Whenthefilamentisheated,tungstenevaporatesfromthefilamentandcondensesontheinside
wallsofthelampenvelope.Thevaporizedhalogencombineswiththiscondensedtungstenformingavapour.This
vapourtravelstothehotfilamentwhereitdisassociatesandredepositsthetungstenonthefilament. Thisprocess
reducesblackeningofthelampbulb,increasesthelifeofthelamp,maintainsbetterlightintensity,andimprovesthe

efficiency of the lamp.The cost of the lamps is howeverincreased.The halogen cycleworks mosteffectivelyatthe rated
currentofthelamp.Forthisreason,systemssuchasthatofapproachlightingshouldbeoperatedatthehighest

brightness step for a suitable duration to limit blackening of the lamp envelope.

Infraredcoated(IRC)lamps

11.1.5Halogenlampsproducemorethanjustvisiblelight;60percentoftheradiatedenergyisunusedinfrared
radiation.SomemanufacturersmayhaveavailableIRClampsfortheirfixtures. Thisisahalogenlampwithaspecial
coatingonthefilamenttubeorreflectorwhichredirectsinfrared(IR)energy(heat)backtothefilamentsothatthe
filamentwilloperateatahighertemperatureproducingmorelumensperwatt,greaterluminousefficacy,lowerpower
consumptionandlongerlife.Intermsoflifespan,IRClampswilllasttwiceaslongasstandardhalogenlampsunderthe
same conditions.

11.1.6Figurel1-3showsanMR16lampwithamultifacetedreflector(MR).Thedesignation"16"istheoutside
diameterofthereflectorineighthsofaninch.Inasmuchasthephotometricsofthelightunitaredependentuponthe
lamp, airport operators should not change the type of lamp without acceptance by the light unit manufacturer.
11.1.7The PK30 lamp (Prefocus, Kabel (wire),diameter ofbaseinmillimetres)as shown in Figurell-4isusedin

suchlighthousingassembliesasPAPlandedgelighting. Thesmallsizeofthelampandfilamentallowsbetteroptical
control.As for other aviation lamps, caution in handling is necessary due to the high level of heat produced.

11.2GASEOUS DISCHARGE LAMPS

Sequence-flashing approach lights ("strobes")

11.2.1Thelampsusedinthesequence-flashingapproachlightsaregaseous,capacitor-dischargelightsandnot
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incandescentlamps.Thelampisatubewhichmaybeformedintovariousshapescontaininganinertgas,suchas
argonorkrypton,whichemitslightwhenanarciscreatedinthegas.Thepowersupplychargeselectricalcapacitors
whicharethesourceofenergyforthearcandalsoprovidesthetriggeringvoltagetoinitiatethearc.Veryhighvoltages

are present in the power supply andlampandthishazardshouldbeconsideredin thedesignofthelightingsystem. The
peakintensityofthelightsmaybeverygreatbutofshortduration. Thefrequencyoftheflashislimitedbythetime

required to recharge the capacitors and is typicallya few times per second.

Obstaclelights

11.2.2Inthecaseofobstaclelighting,averyshortdurationflashisnotsuitablefornavigationguidanceduring
night-time. Iftheflashistooquick,itbecomesdifficultforthepilottolocatethelightagainstthedarksurroundofnight-
timeenvironment.Forthisreason,thelightsaredesignedsoastoproduceaquicksequenceofpulseswhichare
sufficientlyclosetoeachothersoastobeseenbythepilotasasinglelongdurationflash.Thedeterminationof
effective intensity of such multiple pulse flashes is described in EAC139.12

Figure 11-3.MR16 lamp with reflector (source: Genesis Lamp Corporation)
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Figure 11-4.PK30 lamp (source: OSRAM GmbH)
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Other gaseous discharge lamps

11.2.3Thehigherefficiencyofgaseousdischargelampsencouragestheiruse. Typesoftheselampsinclude
fluorescent,mercury-vapour,metal-halide,andloworhigh-pressuresodium-vapourlights.Theuseoflightsofthese
typesisusuallylimitedtoilluminationofareassuchasapronareasexceptfortheuseoffluorescentlampsinsome
taxiwayedgelightsandforilluminatingsigns.Whenconsideringusinglightsofthistype, thefollowingarefactorsthat
shouldbeinvestigated:

a)Restarting.Someoftheselampscannotberestartedforseveralsecondstominutesafterthearcis
extinguished.Powerinterruptionsorswitchingcancauselossoflightsatcriticaltimes.Emergency
lighting by other types of lamps may be desirable.

b)Coldstarting. Someoftheselampscannotbestartedoraredifficulttostartinlowambient
temperatures.

c¢)Intensitycontrol. Theselampsoftenarenotcapableofintensitycontrolorhavealimitedrangeof
control as compared to incandescent lamps.

d)Stroboscopiceffects. Thestroboscopiceffectsofthelampsmaybedisturbing.Wheresuchlightsare
used,includingforilluminationofareas,theuseofthree-phaseelectricalsupplysystemswitha
balance in connecting the lights may be desirable.

e)Colourshifting. Typicallythelightemittedfromtheselampscoversalimitedpartofthevisual
spectrum.Thismakesrecognitionofcolourcodingdifficultascoloursmaynothavetheirordinary
appearance when illuminated by gaseous-discharge lamps. Thecolour"red"isparticularlyaffected.
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Chapterl2

SOLIDSTATETECHNOLOGY

12.1INTRODUCTION

Aeronauticalgroundlighting(AGL)originallydevelopedfromtheavailabletechnology. Thatis,roadwaylightingutilizing
series-typecircuitry,incandescent(filamenttype)lampedfixtures,isolating(AGL)transformersandconstantcurrent
regulators. TheadventofsolidstatetechnologyisprogressivelyrevolutionizingAGLandatthesametimebringingforth
new issues.The purpose of this chapter is to provide a brief overview regarding design and maintenance.

12.2LIGHT EMITTING DIODES (LED) LIGHT UNITS

Ofthevariousformsofsolidstatetechnology,thathavinglightemittingdiodes(LEDs)ismostcommonforairports
application.InitiallyLEDswereusedforlightsrequiringrelativelylowlevelsofintensitysuchasobstaclelighting (32 cd)
andtaxiwayedgelighting(2cd).Overthepastrecentyears,theefficacyofLEDshasimprovedtosuchadegreethat

this technology isnowusedforalltypesofAGL,includingsigns, highintensityedgelights,highintensityapproachlights,
runway guard lights (see Figure 12-1).

12.3COLOUR — CIE S 004/E-2001

12.3.10neoftheadvantagesofLEDIightsources,incomparisontoincandescentlighting,isthatthecolourof
theoutputdeviceisrelativelystablewithdimming.Thatis,thecolourdoesnotshiftinchromaticityasthecurrentis
reducedfordimming.Thishasmadepossibletheadoptionofthe CIEstandardS004/E-2001"ColourofLightSignals"
withsomemodificationforthecolourwhite(blueboundary). hastwodiagrams;FigureAl-1(a)
forincandescentlighting(filament-typelamps)andFigureAl-1(b)forsolidstatelighting. Thecolourboundariesfor
incandescentlightinginFigureAl-1(a)arethoseofCIE2.2-1975"ColoursofLightSignals".Itisanticipatedthat
eventuallyincandescenttechnologywillbecompletelyreplacedbysolidstatetechnologyandonlyFigureAl-1(b)for
solid state lighting would remain in

White and variablewhite

12.3.2TheAGLforapproach,runwayedge,runwaytouchdownzoneandcentrelinearespecifiedin
Volumel,asbeing"variablewhite"incolour.ThechromaticityboundariesareshowninFigure12-2."Variablewhite"is
anycolourfromx = 0.285uptotheboundaryoftheyellowareaofy = 0.790 - 0.667xandistherangeofwhitesthat
existalongthecorrelatedcolourtemperaturelineorPlanckianLocusfromabout10 000 degreesKelvintoabout1900
Kelvinandincludesthel CAO white,whichendsatx = 0.500followingthespecifiedboundaryequationsofAppendix1.
ThePlanckianLocusisrepresentativeofthecolourchangethatoccursasincandescentlightingisdimmedandthe
filament takes on a more yellowish tinge as it is cooled to lower temperatures.
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OCEM airfield fechnology Safegate group ADB airfield solutions

LED runway edge light LED approach light LED runway guard light

Figure 12-1.Types of LED lighting
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Figure 11-1. Effect of voltage variation on the operating characteristics of incandescent filament lamps
in general lighting (multiple) circuits (adapted from IES Lighting Handbook 1984)
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Figure 11-2. Effect of voltage variation on the operating characteristics of incandescent filament lamps

in series lighting circuits (adapted from IES Lighting Handbook 1984)

12.3.3InthecaseofLEDIightingwhosecoloursarerelativelystablewithdimming,thespecificationfor'variable
white"istobeinterpretedas"white"forwhichthecolourboundariesareshowninFigure12-3.Thegreenandpurple
boundariesofwhitearethesameasthatforincandescentlighting. Theblueboundaryismovedtox=0.320togive
furtherseparationfromblue.The yellow boundary is at x = 0.440 which is recommended by CIE S 004.
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Yellow

12.3.4Theyellowforsolidstatelightingisthatof CIES004forwhichthegreenboundaryisextendedto
y =0.727x + 0.054 to include the ITE (Institute of Traffic Engineers) yellow.

Red

12.3.5Theredforsolidstatelightingisthatof CIE S 004andisthesameasforincandescentlighting.Notethat
theredforPAPIlightunitscontinuestobelimitedtoanupperboundaryaty=0.320inaccordancewith

Blue

12.3.6The blue for solid state lighting is approximately half that forincandescent lighting to givefurtherseparation
from the bluish-green portion of the green chromaticity area.

Green

12.3.7Thegreenforsolidstatelightingissimilartothatforincandescentlightingexceptthatthewhiteboundary
isnowthelatter'srestrictivewhiteboundary(x = 0.625y - 0.041)togivebetterrecognitionfromwhite. Theblue
boundary is changed to y = 0.400 to give better recognition from blue.The yellow boundaryis straightened to x = 0.310.

12.ALIMITING SELECTION FOR SHADES OF GREEN

Thegreenchromaticityareaisrelativelylargeincomparisontothatofothercoloursandcontainsarangeofshades
fromyellow-greentoblue-greenseparatedbytherestrictiveboundaryy= 0.726 - 0.726 x.Inordertoavoidatoolarge
variationofshadeswithinthesamelightingsystem,ifthesiteselectslightshavingagreencolourintheyellow-green

portion of the chromaticity area, it is recommended that greens from the blue-greenportion should not be usedwithinthe
system and vice versa.This requires that airport design staff have a knowledge of colour specification.

12.5INFRASTRUCTURE — SERIES CIRCUIT

12.5.1The typical infrastructure for airfield lightingwith incandescent fixtures has been a series-type circuithaving
aconstantcurrentregulator,high-voltagecable,andamultiplicityofAGLtransformers.Thelightunitsareconnectedto
thelowvoltagesecondarysideoftheisolatingtransformer.LEDlightunitscanbeprocuredforsimpleplacementinto
thiscircuit. AsshowninFigure12-4,theLEDlightunitiscomposedofratiotransformer,bridgerectifierandaconverter
whichcontainsamicroprocessorforcontroloftheintensityoftheLED. Thisfiguredoesnotshowsurgesuppression
componentsforlightningandtransientprotection.
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Figure 12-3. Chromaticity boundaries for solid state colours
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12.5.2Theratiotransformerprovidesacurrentlevel(e.g.660ma)thatisuseablebytheLEDlamp.Asan
alternative,thefunctionoftheratiotransformercouldbecombinedwiththatofthe AGLtransformertohaveasingle
device with a turns ratio of 10:1.

12.5.3The bridge rectifier changes the AC secondary currentto DC.

12.5.4Notethataby-passdeviceisnotneededforeitherin-pavementorelevatedLEDIightssincetheconstant
current regulators are specified to operate properly when up to 30 per cent of the lights have open secondaries.

12.5.5TheelectronicconverterprovidesaninputtotheLED.InasmuchasitisdesiredtooperatetheLEDatits
nominalrating,theconverterusespulsewidthmodulation(PWM)tocauseachangeofintensity. Thealgorithmscause
theLEDlighttosimulatetheperformanceofaconventionalincandescentlampedfixture(see12.9).

12.6PULSE WIDTH MODULATION

LEDlampsarenormallyoperatedattheirfullnominalcurrent.Intensitychange(dimming)isaccomplishedthrough
meansofpulsewidthmodulation(PWM).AsshowninFigure12-5,theinputwaveformisalteredbychangingthewidth
ofthepulsestoproducehigh,mediumandlowintensities. Theamplitudeofeachpulseisatthenominalratingofthe
LEDlamp.

12.7INFRASTRUCTUREPARALLEL CIRCUIT

LEDlightinghasalsobeenappliedusingaparallelcircuitdesignasillustratedinFigure12-6. Thecomponentsofthe
lightunitaresomewhatsimplified. Thiscircuitdesignhasadvantagesofincreasedpowerefficiencyandeaseofcontrol.
Thereisalso the advantage ofsimplificationofmaintenancepracticesandsafetyregulationsforlowvoltageinstallations
ontheairfieldside.

12.8ALTERNATE INFRASTRUCTURE

12.8.1Whilst the individual LEDfixturesrequire considerablylesselectricalenergyincomparisontoincandescent
lampedfixtures,withuseofaconventionalcircuitthereisstilltheenergyconsumptionof CCRsandAGLtransformers.
Energyconsumptionof CCRscanvarywiththetypeofarchitecturepresentintheCCR.Forexample,ferroresonant
CCRstypicallymaintaingoodinputpowerfactorandefficiencywhenlowerLEDloadsaresubstituted.However,SCR
(i.e.Thyristor) CCRstypicallyimposealmostthesameloadontheincomingpowersourcewhenalowerloadis
substitutedonitsoutput. TheseCCRstypicallyhavetapsthatcanbeadjustedtoincreaseefficiencywhenlowerloads
arepresent.Also,AGLtransformerscanoperateacceptablywellifalowerLEDIloadissubstituted. Howeverthe AGL
transformerwillhaveitsbestefficiencyifalowerwattagetransformerissubstitutedthatmatcheswiththelowerloadof
the LED fixture. Also, most CCR designs, particularly older models with incoming high-voltage transformers, have a fixed
minimalchargingcurrentwhenenergized,regardlessoftheconnectedload. Thus,thefulleconomiespossiblewithLED
designarenotactuallytakenadvantageof. Thisraisesthepossibilityofradicallychangingthelightingcircuitdesignto
some alternate infrastructure as shown in Figure 12-7.
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Figure 12-7. Use of a power supply to produce PWM output

12.8.2Thebasicdesignprincipleforthealternateinfrastructureistoallocatethe PWMfunctiontothepower
supplyratherthantohavethisoccurwithineachlightunit. Thespecializedpowersupply,havinganoutputintheorder
of2Acanthenbeofal9-inchrack-mountabledesignwhichissignificantlysmallerinsizeandfootprintthana
conventionalconstantcurrentregulator. Theoutputofthepowersupplyisalternatinginordertopassthroughthe AGL
transformerswhicharestillneededtoensurethereisisolationbetweenthefixtureandtheseriescircuit. Abridge
rectifierisprovidedwithineachfixturetoproduceaDCinputtotheLEDlamps.Aby-passdeviceisusedforelevated
fixturessoastoavoidopencircuitedsecondariesontheAGLtransformer,shouldthelightunitbeknockedover,which

may affect theprimarycircuitwaveform. Aby-pass device isnotneeded forin-pavementlightsastheyarenotsubject to
knock-overs.Duetothereductioninoverallsystemcomplexity,thesystemMTBFisgreatlyincreased.Thedesign

allows reuse of an existing series circuit cable although other cables might be used (see Figure 12-8).

12.9BRIGHTNESSSETTINGS

Note.— The following section examines the practice of one State. ThepracticeofotherStatesmaydiffer.

12.9.1Theconspicuityofalightsourcewillalwaysberelativetothecontextinwhichitisviewed. Thecontrast
betweenthelightsourceandthebackground,orlightnoiseinwhichitisviewedwillhaveanimpactupontheperceived
conspicuity. Theabilitytodetectalightedcigaretteatasignificantdistanceinpitchdarknessisanextremeexampleof
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this. ThelackofspectralbandwidthinanLEDIlightsourceenhancesthecontrastwithsurroundingnoise(includingthe
scatter effect of low visibility conditions) enabling greater conspicuity for a given luminosity.
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Figure 12-8.PWM power supply (source: ADB Airfield Solutions)

12.9.2ltisdesiredthatal EDlightunitshouldperforminthesamemannerastheincandescentlightunit.
However,asshowninFigure12-9,thenaturalLEDresponsetocurrentinputislinearascomparedtothatofan
incandescentlightwhoseresponsecurveisexponentialbecauseitistheresultoffilamentheating.Forexample,an
incandescentlightunitthatisoperatedat5.2Ashouldproduceanintensitywhichisabout25percentoffullintensity.
TheLEDlightontheotherhand,whichoperatesat5.2A(inputfromtheisolatingtransformer),wouldproduceabout79
percentintensity.|ftheLEDIlightweretobedrivendirectlysothatitproduces25percentintensity,acurrentofabout

1.6 Awould beused. Note thatthechartandcurrentvaluesrelatesto3- and5-stepsystems. Systemswhich have six or
more steps would have different current values for each step.

12.9.3Theperformanceoftheincandescentlightcanbedefinedintermsoftheminimum/maximumrangeofthe
dimmingcurveasshowninFigure12-10forwhitelight. Thestepsfora5-stepconstantcurrentregulatorare6.6,5.2,
4.1,3.4and2.8A.Fora3-stepregulatortheyare6.6,5.5and4.8A. Thedimmingcurvesforincandescentlightingare
displaced at 4.8 A and 5.5 A as reflects the historical development of 3-step systems.

12.9.4Inordertomimictheperformanceoftheincandescentlight,thealgorithmsoftheelectroniccomponentof
theLEDfixturearesuchthattheintensityoutputiswithinaminimum/maximumrangewhichisnearthatofthe
incandescentlight,withexceptionforthelowersteps.Therangeisreducedforthelowerstepsbecauseofreportsthat
theLEDlightappearedtobetoobrightatthesesteps. Thedimmingcurvesforincandescentlightingaredisplacedat
4.8 Aand5.5Atoreflectthecurrent/brightnessvaluesspecifiedfor3-stepsystems.Notethatthecurvesconvergeat
6.6A.All lights, either incandescent or LED begin at 100 per cent and the curves are read from the top down.
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Figure 12-10. Dimming curves, white light

12.9.5The need to address current/brightness performance at the lower stepsisapplicableonlytowhitelight. For
coloured light, the minimum/maximum range follow the incandescent curves as shown in Figure 12-11.

Issue 6, Rev. 3

Dated Oct., 2020 Page 151




Ministry of Civil Aviation
Egyptian Civil Aviation Authority

EAC 139-13

maximum 66
100 4+~ Incandescent dimming curves
LED maximum =-=---===- minimum :
LED minimum ===--- :
90 +— A L . ) ) ) )

80 4.0
70 3.0
2.8
60 20
50 1.0
0 +—+—F—+—+—+—+—+—+—+—+—+—+—+—+—+—+—
25 3.0

W
=

Per cent brightness (intensity)
=
S

20 -
4;*’“‘48
10 chd
.-"r
08 3.4 P i 1/
0 -I:::;'LP*" )
0 0.5 1.0 1.5 2.0 2.5 ! 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Current Level - amperes
Figure 12-11. Dimming curves, coloured light
Issue 6, Rev. 3 Dated Oct., 2020 Page 152




Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

12.10LED LIGHTING AND NIGHT VISION SYSTEMS

12.10.1NightvisionsystemswereinitiallydevelopedduringWorldWarllforbattletankstoprovidenightvision
shootingcapabilityandlaterreducedinsizeforrifle-mountablesystemsfavouredbysnipers.Technological
improvementsfurtherreducedthecomponentsandpowerrequirementstothe pointwherethesystemseventuallycould
be helmet mounted (see Figure 12-12).

12.10.2Basically there are two forms of night vision equipment, depending on the technology used:

a)Thermalimagingoperatesbycapturingtheupperportionofthemid-infraredlightspectrumranging
from1300NMto5000NMwhichisemittedasheatbyobjectsinsteadofsimplyreflectedaslight.
This technology is knownas enhancedvisionsystemsandusedinaircraftfitedwithaforward-looking
infraredradar(FLIR)andahead-updisplay(HUD).

b)Imagelntensifier[I’Jworksbycollectingthetinyamountsoflight,includingthelowerportionofthe
infraredlightspectrum,thatarepresentatnightbutmaybeimperceptibletooureyes,andamplifying
ittothepointthatwecaneasilyobservetheimage.Aviatorsnightvisionimagingsystem/nightvision
goggles(ANVIS/NVG)areimage-intensifyingsystems,allowingthepilottoseeunderconditionsthat
normallywouldlookimpenetrablydarktotheunaidedeye.Militaryrequirementsfornightcombat,
searchandrescue,andsurveillanceoperationsdrovethedevelopmentofthesesystems,which
eventuallyspunoffintomanycivilapplications.

12.10.3Inthecaseofthermalimaging,theresponsecurvefortheFLIRbeginsataround1300NMandassuch
noLEDlightwillbeseenunlessitisspecificallydesignedwithadevicetogenerateaninfrared(IR)signalofsufficient
wavelengthandradiance.
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Figure 12-12.Night vision goggles
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12.10.4As shown in Figure 12-13, the ANVIS/NVG consists ofan objectivelens, photocathode, microchannel plate
(MCP), phosphor screen and viewing lens.

12.10.5Imageintensifiersystemshaveevolvedovertimeandthevariousversionsofdevelopmentarereferredto
as"generations".Thirdgenerationsystemshaveaspectralresponsecurvethatbeginsaround550-575NMand
extendsovertheportionofthespectruminstarlightandnotvisibletotheunaidedhumaneye(CIEPhotopicCurve),as
shown in Figure 12-14.

12.10.6TheMIL-STD-3009definesstandardsfordesigningandmeasuringANVIS/NVG-compatiblelightinginthe
cockpit.Ifthelightinginthecockpitisnotcompatible itcangenerateenoughenergyinthenearinfraredtoaffectthe
automatic gaincontroloftheANVISgogglesresultinginblindingthepilottotheless-illuminatedoutsidescene.Thusthe
cockpitinstrumentationisprovidedwithilluminationwhoseenergyisinthelowerportionofthespectrum(blueand
green)andoutsidetheANVISresponsecurve.Also,tofurtherreduceanyoverlap,theresponsecurveitselfisnarrowed
bytheuseoffiltersaddedtotheobjectivelens,identifiedasClassAandClassBasshowninFigure12-15andFigure
12-16.ClassBfurthernarrowstheresponsecurvetoenabletheuseofsomeyellowandredlightinginthecockpit.

Class B is commonly used by civilian helicopter pilots.

12.10.7WithrespecttoL EDlightsusedforaeronauticalgroundlighting,whethertheyareseenbypilotsusing
ANVIS/NVGisdependentuponthespectraldistributionofthelightandthustheamountofoverlap.Ageneration Il
withoutfilterswilllikelyallowviewingofgreen,yellowandredLEDlights.WithaClass Afilter,viewingofyellowandred
lightsislikely.WithaClassBfilter,viewingofanyLEDIlightisunlikely. Thelikelihoodofviewingalightisdependent

upon the spectral distribution and it might be possible to view even a green light if it has a radiant energycomponent that
isinthenearinfrared.ButthisishappenstancesincecurrentStandardsonlyspecifytheperceivedcolourandnot

spectral distribution.

12.10.8ApresentdisadvantageofANVIS/NVGisthattheproducedimagetothepilotismonochromaticgreen,
makingitdifficulttodistinguishthecolour-codingrequiredby Inthecaseofobstaclelighting,ifthe
lightisviewable,asisthecaseforincandescentlighting,itislostamongsttheotherculturelightingintheenvironment,
as shown in Figure 12-17.

12.11LINE LIGHTING

LEDtechnologyoffersthepossibilityofnewformsoflightingforaerodromes.Forexample,byencapsulationofmultiple
LEDs, alightstrip(linelighting)canbeproducedandwhichcanbeusedtoenhancemarkingsasshowninFigure12-18
forahelipad.Oneoftheadvantagesoflinelightingisthatithasaninherentdirectionalitywhichisnotobtainablefor

point source lighting unless one installs at least three lights in a row.

12.12MIXINGTECHNOLOGIES

12.12.1LEDfixturescontainelectronicstoensurethatitsresponsewillmimicthatofincandescentlighting. Yet
eventhoughtheresponseismadethesame,itisnotrecommendedthatLEDandincandescentlightingbemixed,for
reasonthattheLEDfixturecanproduceadifferentvisualdisplay.Inparticular,theLEDfixtureproducesasaturated
colourthatremainsessentiallythesamewithbrightnessstepselectionwhereasincandescentlightingwilltendtowards
yellow as the filament is operated at a cooler temperature.

12.12.2Figure12-19showsapictureofaninstallationoflightingwithinathresholdthathasconventional
incandescentlighting.Thepictureisillustrativeofaperceptualproblemthatmayoccurwherethereisamixtureof
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Figure 12-13. Typical NVG image intensifier tube and optics
(source: AG Displays)
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(source: Gamma Scientific)
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Figure 12-16. Class B filter allows blue, green, yellow and red cockpit lighting
(source: Dennis L. Schmickley, Boeing Helicopter Co.)
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Figure 12-17.0bstruction light (circled) as seen through NVGs
(source:NationalResearchCouncilofCanada)

Figure 12-18.Helipad application of line lighting (source: CAA UK)
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LED

Figure 12-19.LED and incandescent threshold lighting

12.12.3The following is a list of lighting facilities with respect to mixing LED and incandescent technologies:

a)Elevatedrunwayguardlights(RGL).Forindividualinstallations,eachpairofelevatedRGLsonboth
sides of the taxiway should be of the same technology.

b)In-pavementrunwayguardlights(RGL).Forindividualinstallations,allthelightsofanin-pavement
RGL system should be of the same technology.

c)Stopbars.Forindividualinstallationsallthelightsofanin-pavementstopbarsystemshouldbeofthe
same technology.

Note.—Whereelevatedsupplementalstopbarlightsareinstalledtheyshouldbeofthesame
technologyonbothsidesofthetaxiway.However,theymaybeofadifferenttechnologythanthein-
pavementstopbarlights.

d)Touchdownzonelights.Forindividualinstallations,allthelightsofatouchdownzonelightingsystem
should be of the same technology.

e)Runwaycentrelinelights.Forindividualinstallations,allthelightsofacentrelinelightingsystem
should be of the same technology.
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f)Runwaystatuslights(RWSL).Forindividualinstallations,alllightsof THL (take-offholdlights), REL
(runway entrance lights) should be of the same technology.

Note.—RWSLmaybeofdifferenttechnologythantherunwaycentrelineortouchdownzone
lightingonthesamerunway.

g)Runwayedgelights.Foreachindividualinstallation,allthelightsofarunwayedgelightingsystem
includingtheyellowportionwithintheendoftherunwaycautionzoneshouldbeofthesame

technology.

h)Runwaythreshold,endandstopwaylighting.Foreachindividualinstallation,allthelightsofthe
runway threshold, runway end and stopway should be of the same technology.

Note.—Thelightsofrunwayedge,runwaythreshold,runwayendandstopwaylightingmayeach
be of different technology from that of the associated runway centreline and touchdown zone lighting.

i)Signage.Per location, sign elements making an array of signs should be of the same technology.

j)Runwayholdingpositionsigns.Perrunwayholdingpositionlocation,signsonbothsidesofthe
taxiway should be of the same technology.

k)Intermediateholdingpositionsigns.Perintermediateholdingposition,signsonbothsidesofthe
taxiway may be of different technology.

[)Rapidexittaxiwayindicatorlights(RETIL).Perindividualinstallation,thelightsofRETILshouldbeof
thesametechnology.

m)Precisionapproachpathindicator(PAPI).Perrunwayend,thelightunitsofPAPIshouldbeofthe
same technology. This includes where PAPI are installed on both sides of a runway.

n)Approachlightingsystems.Perrunwayend,thewhitesteadyburninglightsofanapproachlighting
system should be of the same technology.

Notel.—AllthelightsofRAlLofanapproachlightingsystemshouldbeofthesametechnology,
butmaybeofadifferenttechnologythanthewhitesteadyburninglights.

Note2.—AllthelightsofCategoryll/lliredsupplementallightingshouldbeofthesame
technology, but may be of a different technology than the white steady burning lights.

Note 3.— All the lightsofthe green thresholdandwingbarlightingofanapproachlightingsystem
shouldbeofthesametechnology,butmaybeofadifferenttechnologythanthewhitesteadyburning
approach lights.

o) Taxiwaylighting. Taxiway lighting per "segment" should be of the same technology.

Notel.—A"segment"isdefinedasataxiwayportiondelimitedbyintersectionswithother
taxiways or runways and the tangential points of the start/end of curves.

Note2.—Inthecaseoflongtaxiwaysservingarunwayandwithmanyintersectingtaxiways, it
maybepreferablethatallsegmentsareofthesametechnology.
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Note 3.— Taxiway centreline and edge lighting within a segment may be of different technologies.
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12.13HEATERS

TheLEDlightunithasthebenefitofverylowpowerconsumption.However,thisalsomeansaloweroperating
temperaturethatmaybeneededtomaintainthefixturefreeofsnowandicecoverandsimplecondensationthatcan

alter thephotometricdistributionandcolour. Manufacturerscan provide aheater,sometimesreferredtoasanarctickit",
fortheirLEDIlightunits.Whetheraheaterisneededisdependentuponthesitelocationandtheweatherconditionsto
whichitisexposed.Insomeinstances,thelowoperatingtemperatureisanadvantageinthatdriftingsnowdoesnot
meltandattachitselftothefixturelens.ltislikelythatLEDPAPIwillrequiresomeformoflensheaterregardlessofsite
location to ensure that condensation/icing does not occur.

12.14MAINTENANCE

12.14.1WhileLEDscouldlastformanythousandsofhoursundercertainconditions, thelifeoftheLEDitself,and

more importantly, that of the complete luminaire including theelectronics,stilldependsonthesystemintegrationandthe
actualconditionsinwhichtheluminaireisused.Applicationconditionsthatcouldhaveanimpactontheexpectedlifeof

the luminaire include, primarily, the temperature ofoperation, on-offcyclingpatternsandhumidity. Because LEDsdonot
havefilamentsthatbreakordeteriorate,whenoperatedundernormalconditions,theytendtolastforalongtime.

However, their light output decreases and the colour of theirlight shiftsover time,with therateofdepreciationincreasing
athigheroperatingtemperatures.Theimplicationforpracticeisthatatsomepointintimethelossoflightoutputorthe

colour shift may render the LEDsourceoutsidethe specificationsfor agivenapplication or purpose;while theLEDsmay
technically still be operating, theywould no longer be considered useful®.

12.14.2Therefore,thelonglifeoftheLEDincomparisontothatofanincandescentlampshouldnotbetakenas
reasonfor'installandforget”.AsystemofpreventivemaintenanceshouldremaininplaceastheLEDlightdoes
eventuallyfail. Aswell,thereareotherfactorswhichcanreduceperformancesuchascontaminationonthelensofin-
pavementfixtures.

1.AllianceforSolid-StatellluminationSystemsandTechnologies(ASSIST).2005.ASSISTrecommends:LEDLifeforGeneral

Issue 6, Rev. 3 Dated Oct., 2020 Page 165



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

Lighting.Volumellssues1-7. Troy,NY:LightingResearchCenter.
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Chapterl3

UNDERGROUNDELECTRICALSYSTEMS

Notel.—PracticesonundergroundelectricalsystemshavebeendevelopedinmanyStatestocopewith
soilandadverseweatherconditions.Stateshavealsoestablisheddetailedelectricalinstallationstandardsinlinewith
localpractices. Installations of parallel-type (constant voltage) circuitry would generally follow local electrical codes.

Note2.—Theaimofthischapteristoprovideguidanceforinstallationofseries-type(constantcurrent)
circuitrywithexplanationsbasedonexistingpractices.Inparticular,detailedcriteriasuchasdimensions, typesof
material and labelling should be considered as typical and not directly as a requirement.

13.1GENERAL

13.1.1TheAGLundergroundcircuitryistypicallyinstalledasshowninFigure13-1.Theprimarycableisprovided

with lightningarrestorsasrequiredandmaybewithorwithoutshielding.Anequipment groundingsystemisprovidedfor
personnelsafety(13.1.8t013.1.13refer).Alightningprotectionsystem(LPS)bymeansofacounterpoiseconductor
(13.1.14t013.1.19refer),istypicallyinstalledoverductandcablestobeprotectedfromlightning. WhereanLPSis

provided, an equipment ground is not requiredwheretheformer alsofulfilsthe function ofpersonnelsafety. Accordingto
localpractice,lightningarrestersmaybeinstalledfortheendsofthesystemnearthevaultandintheprimarycircuitat
suitableintervalsoratselectedlightstations. Thearrestersareconnectedtoindividualgroundelectrodes,ortothe

available ground wire or LPS counterpoise.

13.1.2Installation ofthelightstationequipmenton thesecondary sidevariesaccordingtolocalpracticeasshown
inFigure13-2.Theschematics(c),(d)and(e)showconnectionofthegroundsystemtothesecondarysideofthe AGL
transformer.Theschematics(a)and(c)showthecasewherethelightunitoropticalassemblyisinstalledonthe
transformerhousing.Schematics(b)and(d)showinstallationofthelightunitonamountingstake,sometimesreferred
toasananchorstake,withadjacentdirectburialoftheAGLtransformer.Schematic (e)showsthelightunitona
mountingstakeandtheAGLtransformerinstalledinaseparatehousingwhichmaybenon-metallic.Insuchacase,the
equipmentgroundingiscompletedbyagroundjumperprovidedtothemetalliccoverplateofthetransformerhousing.

The schematic (f) shows the installation of a ground jumper to light units such as PAPI or airside guidance signs.

Shieldedcable

13.1.3Whereshieldedcableisusedinaconstantcurrentseriescircuitforelectromagneticcompatibility(EMC)
purposes,theshieldshouldbecontinuousthroughouttheloopandearthedattheendsoftheprimaryseriescircuitto
thevaultgroundringasshowninFigure13-3.Cableshieldsalsoprovidesomeprotectionagainstinsulation
deteriorationduetohigh-voltagestressanditisrecommendedthattheshieldbeearthedateverypracticablepoint.The

shielding should be made continuous through the light station by bonding the incoming and outgoing cables as shown.

13.1.4Theinstallationofundergroundelectricalsystemsprovidesfivefundamentalcomponents:theprimary
cable, AGLtransformer,secondarywiring,themountingmeans,andanequipmentgroundingorlightningprotection
system (LPS).
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Figure 13-1. Typical constant current series circuit
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Primary cable

13.1.5Theinstallationofprimarycablefromthe CCRtoandbetweenthelightstationscanbedonethrough
meansofdirectburialorplacementwithinaconduit. Thelatterispreferredinthatitprovidesprotectionagainstsoil
movementsandfacilitatesfuturecablereplacement.lftheconduitisofsufficientsizeitcanbeusedforlaterinstallation
ofadditionalcable.lt is desirable that cables ofinterleaved circuits be installed in separate ducts.

Secondary wiring

13.1.6ForsecondarywiringfromtheAGLtransformertothelightfixture:ifthelightunitislocatedremotefrom
thehousing,theloadingrepresentedbythissecondarywiringshouldbetakenintoaccount(Orefers).Forin-pavement
lightingoftheshallowbasetype,thesecondarywiringmaybeinstalleddirectlyinsawcutsorinaconduit. Aconduitis
preferredasitfacilitateslatermaintenance.

Light unit mounting

13.1.7Themountingofthelightunitiseitherbymeansofastakeorontopofahousing. Thetendencyistouse
housings,ratherthandirectburial,sincethehousingenableseaseofmaintenanceoftheAGLtransformer. Thehousing
maybemetallicandintendedforpavedareasornon-metallic(plasticorconcrete)andintendedforunpavedareas.The
lightfixturemaybeinstalledonananchorstakewiththetransformerinanearbyhousing,onthehousingitself,or
separatelyonashallowbasereceptacle.lfanelevatedlightistobeinstalledonahousing,thenthelattershouldbe
encasedinaconcretepadtoobviatemovement.Forsmallaerodromesandmediumintensitylighting,slightmovement
ofthehousingmaybetolerated. Atsomeairportsthetransformerhousingisinstalledasalockedcabinetattachedto
thelowerportionofapproachlighttowers.Thismannerofinstallationeliminatestheproblemofwateringresswherethe
approachlightingsystemextendsacrossareashavingahighwatertablesuchasamarsh.ltissometimesdesirableto
co-locateAGLtransformerssuchasforthebarrettesoftouchdownzonelighting.Inthisinstance,thetransformersare
installedtogetherinasinglehousingandarrangedonashelfattachedtothewallofthehousing.(Aninstallationof
multiple AGL transformers is illustrated in Figure 13-21.)

Equipment grounding system

13.1.8Thepurposeoftheequipmentgroundingsystemisforpersonnelsafetyincaseofashortinggroundfault.
Incontrasttoparallel(voltage)circuits,theprotectivedevicesoftheconstantcurrentregulatordonotreacttoshorting
faultssoastode-activatethelightingsystem.Theseriescircuitisungroundedandwilloperatenormallywithasingle
groundfault.Dependingupontheresistancevalueandlocationoffaults,asegmentofthelightingwillgooutorbe

dimmed with occurrence of a second ground fault; the regulator, however, will continue to provide an output current.

13.1.9Theacceptedmethodforprovidingequipmentgroundingisthe“equipotentialmethod”bywhichaground
wireisconnectedtoallmetallicelementsontheoutputsideoftheconstantcurrentregulatorincludinglightbases,
fixturemountingstakesandroutedbacktothegroundringattheelectricalvaultsothattheseelementsaremaintained
atthesameearthpotential.

13.1.10Theequipmentgroundisprovidedbymeansofaninsulatedorbareconductorandiscontinuousfromthe
lightunitorlightbase,orviathetransformerhousingifshallowbaseinstallationsareused,throughtothesystem
groundattheelectricalvault. Theequipmentgroundwireisnormallyinstalledwithintheductsystem,asaninsulated
wire,butcanbedirectburiedasabarewireoutsidetheduct. Thesystemshouldbeconnectedtoagroundelectrodeat
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each light station or at intervals 150 m to 300 m.
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13.1.11TheequipmentgroundwireistypicaIIyofsoIidcopperinsizesfrom1Omm2(#8AWG)t025mm2
(#4AWG).Othermaterialshavebeenusedsuchasgalvanizedsteel.Suitabilityofwirematerialagainstcorrosionin
soils has to be carefully checked.

13.1.12Thecompleteequipmentgroundingsystemshouldhavearesistancetoearthnogreaterthanthat
specified in the national code (typical maximum earth resistance values range between 6 to 25 ohms).

13.1.13Wherealightningprotectionsystem(LPS)intheformofacounterpoisewireisused,theLPSmaybe
used for equipment grounding and a separate equipment ground system may be omitted.

Lightning protection system

13.1.14Thepurpose ofthelightningprotectionsystem(LPS)orcounterpoisesystemistoprovidealowresistance
preferredpathforenergyfromlightningdischargestoentertheearthandsafelydissipatewithoutcausingdamageto
equipment or injury to personnel.

13.1.15Usingtheequipotentialmethod,thecounterpoiseconductorisbondedtoalllightbases,fixturemounting
stakes and a vault ground ring so that all metallic elements are maintained at the same potential.

13.1.16The counterpoise conductor is typically installed directly over the duct or cable being protected.

13.1.17Thecounterpoiseconductorisnormallybondedtogroundelectrodesat150mto300mintervals. At
runwayortaxiwaycrossingsorapronareas,thecounterpoisewireisinstalledabovetheconduitsandbondedtoground
electrodesateachsideofthecrossing.Inconsiderationoftheriskinrelationtohistoricallightningflashdensityforthe
site, the counterpoise conductor may be insulated and brought into the duct for pavement crossings.

13.1.18Inthecaseofin-pavementlightfixturesinshallowbaseswheretheAGLtransformerislocatedattheside
ofthepavement,thesitemaychoosetonotcontinuethecounterpoisesystemoverthesecondaryleads.Insuchan
instance,theextensionfromthecounterpoisetothelightbaseisanequipmentgroundandisinstalledbymeansofan
insulatedwireroutedintheconduitorsaw-cutandconnectedtotheinternalgroundlugofthebase.(Shownin
Figure13-22.)

13.1.19The counterpoise wire is typically of solid copper in sizes from 10 mm? (#8 AWG) to 25 mm? (#4 AWG).

Ground jumper

13.1.20RegardlessofwhetheranLPSsystemoranequipmentgroundingsystemisinstalled,aflexibleground
jumperofsufficientlengthisprovidedfromtheinternalgroundlugofthehousingtotheopticalassembly(in-pavement

lights) or cover plate (elevated lights).The jumper extends the equipment grounding for personnel safety should there be
afaultandtheopticalassemblyorcoverplatebeliftedfreeofthebase. Itistobenotedthatsincethisgroundjumperis
internalandcannotbeseen,tobecertainthatitisactuallyconnectedcannotbeguaranteedandtheelectricianshould

always work with insulated gloves.(Ground jumpers are shown in Figure 13-20 and Figure 13-22.)

Secondary grounding
13.1.21Accordingtosomelocalpractices,aconnectionismadefromthegroundingsystemtooneendofthe

secondarywindingoftheAGLtransformer.Thisgroundingreducesthevoltagetowhichtheelectricianmaybeexposed
upon occurrence of a primary to secondary short.Examples of secondary grounding are shown in Figure 13-2.
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Earthresistance
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13.1.22Anoftenacceptedearthresistancevalueof250hmsfortheLPSshouldnotbeinterpretedassatisfactory
forallinstallations.Reducedearthresistancevaluesmightbenecessarytoprovideeffectivelightningprotectionwhere
thelightningriskassessmentishigh.Forequipmentgrounding,localelectricalcodesmaydefinetheearthresistance
value,e.g.6ohms.

Initial considerations
13.1.23Installationofelectricalcablesundergroundisexpensiveandmeasurestoassurelongandeffective
servicewithaminimumofmaintenanceshouldbeused.Allworkshouldbedonebyexperiencedpersonnelregularly
engagedinthistypeofwork.Mostundergroundcableswillbelocatedon,orverycloseto,themanoeuvringareaofthe
aerodrome.Hence,atactiveaerodromesgreatcaremustbeexercisedtoensurethattheinstallationdoesnotpresenta
hazard to aircraft or to the installers.

Preconstruction arrangements
13.1.240btainpriorapprovalfromthe“engineerincharge’forthematerials,workmen,timeofdayornightforthe
work,methodandproceduresfortheinstallation,andproceduresforanytemporaryorpermanentrepairstobemade.
Arrangeforcoordinatingtheeffortwithairtrafficcontrolifnecessary.Carefullydetermineandmarktherouteforthe
cables.Takeallreasonableprecautionstoprotectexistingundergroundutilitiessuchasfueltanks,waterlines,buried
controlandpowercables,etc.Allknownutilitiesandpowerandcontrolcablesleadingtoandfromanyoperatingfacility
shouldbemarkedinthefieldbeforeanyworkinthegeneralvicinityisstarted. Thereafterandthroughouttheentire
durationofconstruction,otherundergroundfacilitiesshouldbeprotectedfrompossibledamage.Anyunderground
cables which are damaged during installation should be immediately repaired with equal quality material.
13.1.25Tape the ends of the cables to prevent the entry of moisture until connections aremade.
13.1.26Splices in ducts, conduits, or in the primary cables between light baseand transformerhousingsshould not
bepermitted.

Methods of installation

13.1.27Therearetwomethodsofinstallingundergroundelectricalcables:bydirectburial,andbyinstallationin
conduit (direct-buried conduit or enclosedduct, i.e.ductbank).Elements of these methods are examined hereafter.

13.2DIRECT BURIAL OF CABLES
13.2.1The major steps of installing electrical cables by direct burial are:
a)trenching;
b)sand bedding;
c)placementofcables;

d)first backfilling with sand;
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e)placement of the counterpoise wire; and
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f)secondbackfillwithcommonsoil(thesecondbackfillmaybeintwopartstoallowplacementofa
warningtape).

Trenching

13.2.2Basicrequirements.Unlessrequiredotherwise,allcablesinthesamelocationandrunninginthesame
generaldirectionshouldbeinstalledinthesametrench.Wallsoftrenchesshouldbeessentiallyverticalsothata
minimumofshouldersurfaceisdisturbed. Thebottomsurfaceoftrenchesshouldbeessentiallysmoothandfreefrom
coarseaggregate.lfpossible,trenchesshouldbeopenedonlytotheextentthatcablescanbeinstalledandthetrench
closedinthesameworkingday.Whereturfiswellestablishedandthesodcanberemoved,itshouldbecarefully
stripped and properly stored.

13.2.3Ductbankorconduitmarkerstemporarilyremovedfortrenchexcavationsshouldbereplacedasrequired.
Whereexistingactivecable(s)crossproposedinstallations,theinstallershouldensurethatthesecable(s)are
adequatelyprotected.Wherecrossingsareunavoidable,nospliceswillbeallowedintheexistingcables,exceptas
specifiedontheplans.Existingcablesshouldbelocatedmanually.Unearthedcablesshouldbeinspectedtoassureno
damagehasoccurred.

13.2.4Cabledepth.Direct-buriedcablesshouldbeaminimumof450mmbelowthefinishedgradewhenonthe
aerodromeproperty,750mmbelowthefinishedgradewhenofftheaerodromepropertyandataminimumof1000mm
forunderrunways,taxiways,aprons.androads.Wheninstalledofftheaerodromeproperty,thecablemayneedtobe
installedatagreaterdepth,inaccordancewithlocalelectricalcoderequirements.Forexample,theminimumcable
depth when crossing under a railroad track, should be 1 200 mm unless otherwise specified.

13.2.5Trenchdepth.Thedepthofthetrenchintowhichcablesaretobeinstalledshouldbesufficientforthe
requiredcabledepthplusaminimum75mmbedding(e.g.sand)layerbelowthelevelofthelowestcableasshownin
Figurel3-4.

Placementofcables

13.2.6Whereverpossible,cableshouldberuninonepiece,withoutsplices,fromlightstationtolightstation.Use

the longestpracticablelengthsoffeedercableinordertominimizesplicingrequirements.When cablecuttingisrequired,
cable ends should be effectively sealed against moisture immediatelyaftercutting. Cablesshould not be bent ataradius
oflessthaneighttimesthediameterforrubberorplasticcoveredcableandtwelvetimesthediameterformetallic
armouredcable.Cable that has been kinked should not be installed.Someone should be stationed at the reel toobserve
andreportanyirregularitiesinthecablewhenthecableisbeingunreeled.Cablefordirectearthburialshouldbe
unreeledinplaceintheopentrenchorunreeledbythesideofthetrenchandcarefullyplacedinthetrenchbottom.The
cable(s)shouldnotbeunreeledandpulledintothetrenchfromoneend.Wherecablesmustcrossovereachother,a
minimumof75mmverticaldisplacementshouldbeprovidedwiththetopmostcabledepthatorbelowtheminimum
requireddepthbelowfinishedgrade.Slackcablesufficienttoprovidestrainreliefshouldbe placedinthetrenchina

series of S curves.
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Figure 13-4. Direct burial of cable in trench
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Placement of the counterpoisewire

13.2.7Thecounterpoisewireprovidesa90degree"zoneofprotection”(45degreesoneachsideofthevertical).

The counterpoisewire is installed continuously 75 mm to 150mmabovethecable,conduitorductbank,orasshownon
theplansifgreater.Baseduponthezoneofprotection,acounterpoiseat75mmissuitableforlto2cablesandat

150 mm for 3 to 4 cables after which additional counterpoise wires are required, as shown in Figure 13-5.

13.2.8Ad(ditionally,counterpoisewireshouldbeinstalledatleast200mmbelowthetopofthesubgradeinpaved
areasor250mmbelowfinishedgradeinunpavedareas.Thisdimensionmaybelessthan100mmwhereconduitisto
beembeddedinexistingpavement.Counterpoisewireshouldnotbeinstalledinconduitexceptforrunwayortaxiway
crossingswherethecounterpoisemaybeinstalledwithinanexistingduct.Wheninstalledinaduct,thecounterpoise
shouldbeinsulated.

Warning tape
13.2.9Undergroundelectricalwarning(caution)tapeshouldbeinstalledinthetrenchandlocated150mmabove
thedirect-buriedcableorthecounterpoisewire,ifpresent,orapproximatelyhalfwaybetweenthesurfaceandupper
levelofdirect-buriedcablesorcounterpoisewire,ifpresent,and200mmminimumbelowfinishedgrade. Thetape
shouldbeal00mmto150mmwidepolyethylenefilmtapewithametalizedfoilcoreforremotedetection.ltshould
haveacolourandcontinuouslegendasindicatedontheplans.

Heavytrafficareas
13.2.10Cables shouldnot be direct buried under paved areas,roadways,railroadtracks,orditches. In these areas,
the cable should be installed in concrete-encased ducts or in rigid steel conduits.

Areas of rock
13.2.11Whensolidrockisencounteredandcannotbeavoided,therockshouldbeexcavated,thecablesputin
tubingorduct,andbackfilledwithconcrete.AsshowninFigure13-6,thetubingshouldbenotlessthan150mmbelow
thesurfaceand75mmabovethebottomoftheexcavation. Thecounterpoiseisinstalledabovetheduct. Anylonpull
ropemaybeincludedintheduct.Considerationshouldbegiventouseofatwo-layerapplicationwiththetoplayer
beingconductiveconcrete.

Trench width and separation between cables

13.2.12Trench width for a single cable should be not less than 150mm.Where more than one cable is locatedin a
trench, the trench width is adjusted so that the separations given below can be maintained (Figure 13-7).

13.2.13Horizontal separation between cables:

a)Serieslightingcablesofdifferentserieslightingcircuitsshouldhavealateralseparationof75mm.
Series lighting cables of the same circuit may be placed without separation.

b)Powercablesofthesameordifferentcircuitsoflessthan600voltsmaybelaidtogetherinthesame
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trench without horizontal separation.
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Figure 13-5. Placement of counterpoise wires
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Figure 13-7. Cable/counterpoise lateral spacing
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c)Powercablesofdifferentcircuitswithvoltagesbetween600and5000voltsshouldbeseparatedbya
minimumof100mm.

d)Allpowercables,5000voltsandbelow,shouldbeseparatedfromallcontrol,telephone,andcoaxial
type cables by a minimum of 150 mm.

e)Powercablesofmorethan5000voltsshouldbeseparatedfromallothercablesbyaminimumof
300mm.

f)Control,telephoneandcoaxialcablesmaybelaidinthetrenchwithouthorizontalseparationfrom
eachother.

13.2.14Vertical separation between cables:
a)No cable should directly overlap another cable because compacting may damage the cable.

b)Verticalseparationbetweencablesshouldbesimilartothosegivenforhorizontalseparationexcept
thatcableswhichdonotrequirehorizontalseparationshouldbeseparatedverticallybyaminimumof
60mm.

¢)Groundwiresandcounterpoisesshouldbeapproximatelyl50mmabovetheuppermostlevelofthe
cables.

Crossovers

13.2.15Althoughverticalseparationsareindicatedabove,itisnotsuggestedthattherebealayeringofdirect-
buriedcableswithinatrench.Suchlayeringmayrenderfuturerepairoflowercablesdifficult. Forthemostpart,vertical
separationsareintendedforinstanceswherecablescrossoveranotheratanangle.ltispreferablethatsuchcrossovers
occurascloseto90degreesaspossible. ThetrenchdepthisincreasedasshowninFigure13-8toenablethevertical
separation.
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Figure 13-8. Crossover of cables

Issue 6, Rev. 3 Dated Oct., 2020 Page 184



Ministry of Civil Aviation

Egyptian Civil Aviation Authority

EAC 139-13

Counterpoise interconnections

13.2.16 Thecounterpoiseconductorsshouldbeinterconnectedwherecablesorconduitscross.Whereanumber

ofcounterpoisewiresareinstalledovercables,conduitsorducts,theyshouldbeinterconnectedatintervalsofnotmore
than150m.Figure 13-9 illustrates a means of interconnection between counterpoise wires.

13.2.17Bondingofcounterpoisewiresforinterconnectsbetweencounterpoisewiresandtogroundelectrodes

should be by exothermic welding. Only personnel experienced in and regularly engaged in this type ofwork should make
a)All slag should be removed from welds.

theseconnections.The installations should comply with the manufacturer's recommendations and the following:

b)Forweldsatlightfixturebasecans,allgalvanizedcoatedsurfaceareasand"melt"areas,bothinside
andoutsideofbasecans,damagedbyexothermicbondprocessesshouldberestoredbycoatingthe
areaswithaliquidcold-galvanizingcompound.Surfacestobecoatedshouldbepreparedandthe
compound applied in accordance with the manufacturer's recommendations.
c)Allburiedcopperandweldmaterialatweldconnectionsshouldbethoroughlycoatedwithcoaltar

bitumasticmaterialorequivalentmeanstopreventsurfaceexposuretocorrosivesoilormoisture
bolted lugs approved for this purpose.

13.2.18Alternatively,connectionofthecounterpoisewiretolightbasesandanchorstakesmaybebymeansof

Exothermic weld
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N
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Figure 13-9. Counterpoise interconnections
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Slackcable

13.2.19Slackcableofapproximatelylmlengthshouldbeleftoneachendofcableruns,oneachsideofall
connections,isolatingtransformers, lightunits,andatallpointswherecableconnectionsarebroughtaboveground. The
slackloopshouldbeinstalledatthesameminimumdepthasthecablerun.Loopsshouldhavebendswithaninner
radiusnotlessthantwelvetimestheoutsidediameterofthecable.Wherecableisbroughtaboveground,additional
slackshouldbeleftaboveground.Atallcablesplices,provideslackloopsfreeofbendsatthespliceorwithin300mm
oftheendsofthesplice.Whereprovisionsmustbemadefortestingorforfutureabove-gradeconnections,provide
enoughslacktoallowthecabletobeextendedatleast300mmverticallyabovethetopoftheaccessstructure. This

requirement also applieswhere primary cable passes through empty base cans, junctions and access structures to allow
for future connections, or as designated.

Finalbackfilling
13.2.20After the cable has been installed, the trench should be backfilled as follows:
a)Trenches should not contain pools of water during backfilling operations.

b)Backfillseparatingcablesshouldbefirmlytampedinplace.Thecableseparationsshouldbe
maintained and may be horizontal, vertical or a combination of the two.

c)Thefirstlayerofbackfillingshouldbenotlessthan75mmdeep,loosemeasurement,andshouldbe
eitherearthorsandcontainingnomaterialaggregateparticleslargerthan8mmdiameter.Thislayer
should not be compacted, except for tampingtomaintainseparationofcables. The counterpoisewires
arelaidontopofthislayer.

d)Thesecondlayershouldbenotlessthan120mmdeep,ofloosemeasurement,andshouldcontain
no particles larger than 25 mm diameter.The warning tape may be laid on top of this layer.

e)Thesecondandsubsequentlayersshouldbethoroughlytampedandcompactedtoatleastthe
densityoftheadjacentundisturbedsoil.lfnecessarytoobtainthedesiredcompaction,thebackfill
material may be moistened or aerated as required.

f)Thethirdandsubsequentlayersofbackfillshouldnotexceed200mmandmaybeofexcavatedor
imported material and should not contain stones or aggregate larger than 100 mm in diameter.

g)Thetrenchshouldbecompletelybackfilledandtampedlevelwiththeadjacentsurface,exceptthat
whenturfistobeestablishedoverthetrench,thebackfillingshouldbestoppedatanappropriate
depthconsistentwiththetypeofturfingoperationtobeaccommodated.Aproperallowancefor
settlementshouldalsobeprovided.Anyexcessexcavatedmaterialshouldberemovedanddisposed
of in accordance with the plans and specifications.

h)Restoration.Wheresodhasbeenremoveditshouldbereplacedassoonaspossibleafterthe
backfillingiscompleted.Allareasdisturbedbythetrenching,storingofdirt,cablelaying,pad
constructionandotherworkshouldberestoredtoitsoriginalcondition. Therestorationshouldinclude
anynecessarytopsoiling,fertilizing,liming,seeding,sodding,spriggingormulching.Iftrenchingcuts
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aremadethroughpavedareas,thecuts,afterproperbackfilling,shouldberesurfacedwithpaving
similartotheoriginalpaving. Resurfaced cuts should be levelwith the originalpaving,free from cracks
and capable of withstanding traffic loads imposed without settling or cracking.
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Electromagneticinterference

13.2.21Airfieldlightingcircuitscangenerateexcessiveelectromagneticinterference(EMI)thatcandegradethe
performanceofsomeoftheairport’scriticalairnavigationalsystems,suchasRVRequipment,glideslopes,localizers,
etc.SomeCCRsarelikelysourcesofEMIduetotheirinherentoperatingcharacteristics. Thefollowingcautionarysteps
may help decrease EMI and/or its adverse effects in the airport environment:

a)Do notinstallcablesforairfieldlightingcircuits inthesameconduit,cableduct,orductbankascontrol
andcommunicationscables.

b)Donotinstallcablesforairfieldlightingsystemssothattheycrosscontroland/orcommunications
cables.

c)Insomecases,harmonicfilterscanbeinstalledattheregulatoroutputtoreduceEMIemissions.
Thesefiltersareavailablefromsomeregulatormanufacturers.

d)Groundsparecontrolandcommunicationcables.

e)Notifymanufacturers,designers,engineers,etc.aboutexistingnavigationalequipmentandthe
potentialforinterference.

f)Requireelectromagneticcompatibilitybetweennewequipmentandexistingequipmentinproject
contracts.Operational acceptance tests may be required to verify compliance.

Cable plowing

13.2.22Undercertainconditions,itmaybepossibletoinstallcablesbycableplowing. Thistypeofinstallation

method shouldonlybe specifiedwheresandysoilsare prevalentandwithnorocksorotherdebristhatwouldnickorcut
thecableinsulation. Theequipmentissuchthatcablesareplacedataminimumdepthof450 mmbelowthefinished

grade on aerodrome property.The cable shouldbe manuallyunreeledoff thespoolasthemachinetravelssuchthatitis
nottheslopeoftheearththatiscausingthecabletounreelfromthespool.Undercertainconditions,itmayalsobe

possible to install flexible duct or polyethylene tubing by plowing.

Splicing

13.2.23Connectionsofthetypeshownontheplansshouldbemadebyexperiencedpersonnelregularlyengaged
in this type of work and should be made as follows:

a)Castsplices.Theseshouldbemadebyusingcrimpconnectorsforjointingconductors.Moldsshould
beassembledandthecompoundshouldbemixedandpouredinaccordancewiththemanufacturer's
instructionsandtothesatisfactionoftheengineer.

b)Field-attachedplug-insplices.Theseshouldbeassembledinaccordancewiththemanufacturer's
instructions.Thesesplicesshouldbemadebypluggingdirectlyintomatingconnectors.Inallcases,
thejointwheretheconnectorscometogethershouldbewrappedwithatleastonelayerofrubberor
syntheticrubbertapeandonelayerofplastictape,one-halflapped,extendingatleast37mmoneach
side of the joint.
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c)Factory-moldedplug-insplices. Theseshouldbemadebypluggingdirectlyintomatingconnectors.In
allcases,thejointwheretheconnectorscometogethershouldbewrappedwithatleastonelayerof
rubberorsyntheticrubbertapeandonelayerofplastictape,one-halflapped,extendingatleast
37 mm on each side of the joint.

d)Tapedorheat-shrinksplices. Application of taped splices is examined in Chapter 14.

13.3INSTALLATION OF DUCTS/CONDUITS (WITH OR WITHOUT CONCRETE ENCASEMENT)

Selection of routes

13.3.1Duct-lineroutesshouldbeselectedtobalancemaximumflexibilitywithminimumcostandtoavoid
foundationsforfuturebuildingsandotherstructures.Whereitmaybenecessarytoruncommunicationlinesalongwith
electricpowerdistributionlines,twoisolatedsystemsinseparatemanholecompartmentsshouldbeprovided.Where
possible,ductsshouldbeinstalledinthesameconcreteenvelope.Electricandcommunicationductsshouldbekept
clear of all other underground utilities, especially high temperature water or steam pipes.

Ductmaterials

13.3.2Acceptable standardmaterialsforductsincludefiber,tile,andplastic.Plasticductsandconduitsshouldbe
madeofpolyethylenebecauseitisfreeofhalogensandthusmoreenvironmentallysuitable.Rigidsteelconduitsmay
also be installed below grade and should be provided with field or factory applied coatings where required.

Sizeofducts

13.3.3ThesizeofconduitsinaductbankshouldbenotlessthanalO cminsidediameterexceptthatductsfor
communication lines with a minimum diameter of 7.5 cm are acceptable.

Installation of ducts without concrete encasement

13.3.4Trenchesforsingle-ductlinesshouldbenotlessthan150mmormorethan300mmwide,andthetrench
fortwoormoreductsinstalledatthesamelevelshouldbeproportionatelywider. Trenchbottomsforductswithout

concrete encasement should be made to conform accurately to grade so as to provide uniform support for theductalong
itsentirelength.Alayeroffineearthmaterialatleast75mmthick(loosemeasurement)shouldbeplacedinthebottom
ofthetrenchasbeddingfortheduct. The bedding material should consist of soft dirt, sand, or other fine fill,anditshould
containnoparticleslargerthanémmdiameter. Thebeddingmaterialshouldbetampeduntilfirm.Whentwoormore
ductsareinstalledinthesametrenchwithoutconcreteencasement,theyshouldbespacednotlessthan75mmapart
(measuredfromoutsidewalltooutsidewall)inahorizontaldirectionornotlessthan75mmapartinaverticaldirection.

Rigid steel and heavy-wall conduit may be direct-earth buried. All other conduits should be encased(Figure 13-10).

Installation of ducts encased in concrete

13.3.5Allductsinstalledinconcreteencasementshouldbeplacedonalayerofconcretenotlessthan75mm
thick.Wheretwoormoreductsareencasedinconcretetheyshouldbespacednotlessthan75mm(measuredfrom
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outsidewall to outsidewall).Astheductlayingprogresses,concretenotlessthan75mmthickshouldbeplacedaround
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thesidesandtopoftheductbank.Flaredendsofductsorcouplingsshouldbeinstalledflushwiththeconcrete
encasementorinsidewallsofmanholesorhandholes.Interlockspacersshouldbeusedatnotmorethanl.5mspacing

to ensureuniformspacingbetween ducts.Joints in adjacentductsshould bestaggeredaminimumof600mmapartand
shouldbemadewaterproofpriortoconcreting.Noducthavingadefectivejointshouldbeinstalled.Concrete-encased
ductorrigidsteelconduitshouldbeinstalledsothatthetopoftheconcreteenvelopeorconduitisnotlessthan450mm
belowthestabilizedbasecoursewhereitisinstalledunderroadways,railroads,runways,taxiways,otherpavedareas
andditches,andnotlessthan450mmbelowthefinishedgradeelsewhere.Counterpoisewiresareprovidedas

required.

Ductsandflexibletubing

13.3.6Wheninstallingcablesinaductsystem,thecablesshouldbegroupedasshowninFigure13-11.Flexible
duct (tubing) is directly placed in the trench as shown in Figure 13-10.

Grounding bushings

13.3.7Wherearigidsteelconduitentersorleavesamanholeorhandhole,agroundingbushingshouldbe
providedforallconduits.

Arrangement of duct banks

13.3.8Anarrangementoftwoductswideorhighshouldbeusedforbestheatdissipation.Correspondingly,the
ductbanksmaybeseveralductshighorwide.(Thismaybeimpossiblewherealargenumberofductsareinvolved.)
Theverticaltwoconduit-widearrangementenablesthecablestobemoreeasilyrackedonmanholewalls,butmaynot
be as economical as the horizontal two conduit-high arrangement.

13.3.9Drainage.Allductlinesshouldbelaidsoastoslopetowardhandholes,manholesandductendsfor
drainage.Gradesshouldbeatleast2.5mmpermetre.Whereitisnotpracticabletomaintaintheslopealloneway,the
ductlinesmaybeslopedfromthecentreinbothdirectionstowardmanholes,handholes,orductends.Pocketsortraps
where moisture may accumulate should be avoided.

Pullwire
13.3.10Eachspareductinstalledshouldbeprovidedwithacopper-cladsteelpullwireofnotlessthan5m m?in
area.Alternatively,apolypropylenepullropewhichwillnotrotorsupportmouldinthewetduct/basecan/manholesmay
beused.Theopenendsofthespareductsshouldbepluggedwithremovabletaperedplugs.Theplugshouldsecure
the pull wire firmly.

Sparecapacity

13.3.11Sufficientductsforplannedinstallations,futureexpansion,plusaminimumof25percentofspareducts,
should be included for all new underground systems.
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Base course or finished grade

T (a) 75 mm for under 600 V power and communications.
150 mm for over 600 V power and communications.
(b) 450 mm below the bottom of the base or stabilized base course layers where
installed under runways, taxiways, aprons, or other paved areas, and not less
' than 450 mm below finished grade where installed in unpaved areas.
450 mm (b)

*« Counterpoise wire(s)
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Figure 13-11. Concrete encased duct bank

Flexible tubing

13.3.12Useofflexibletubingshouldbelimitedtodirectburialandshortcableruns.Rigidconduitsshouldbeused
forconcreteencasedductbanksbecauseitisdifficulttoavoiddisplacementofflexibletubingduringtheconcrete
pouringorgeneralbackfillingstage.Inaddition,flexibletubingcanbeproblematicforcablepullingbecausethepullwire
may cut into the relatively soft sides of the tubing.Asuitablepullingcompoundshouldbeused.

Counterpoise installation above multiple conduits and duct banks

13.3.13Counterpoisewiresmaybeinstalledabovemultipleconduits/ductbanksforairfieldlightingcableswiththe
intentbeingtoprovideacompleteconeofprotectionovertheairfieldlightingcablesagainstlightning.Protectionofduct

banks is to be defined in coordinationwith general EMC study of groundcharacteristics and Keraunic levels at the site(0
refers).Whenmultipleconduitsand/orductbanksforairfieldcablesareinstalledinthesametrench,thenumberand
locationofcounterpoisewiresabovetheconduitsshouldbeadequatetoprovideacompletezoneofprotection
measured45degreeseachsideofthevertical(Figure13-12).
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Figure 13-12. Counterpoise above multiple ducts

Secondary lead protection

13.3.14Normally,thesecondaryleadisroutedthroughthebreakablefitting.Whereotherwisethesecondarylead
isexposed,itmaybeprotectedbymeansofaflexiblecablesheathfromthehousingorburiedAGLtransformertothe
lightunit.

13.4MANHOLES AND HANDHOLES

13.4.1Factorsbearingonthechoiceofmanholes,asillustratedinFigure13-13,andhandholesarenumber,
direction,andlocationofductruns;cablerackarrangements;methodofdrainage;adequacyofworkspace(especiallyif
equipment is to be installed in the manhole) and the size of the opening required to install and remove equipment.

Location

13.4.2Manholesorhandholes shouldbeplacedwhererequiredforconnectionsorsplicesandwhereconflictwith
otherutilitieswillbeavoided.Manholeseparationshouldnotexceed200monstraightrunsand100moncurvedduct
runs.Spacingshouldbedecreasedwherenecessarytopreventinstallationdamageduringpullingofcables. Strain

should be limited during installation to a point that will not damage cable insulation or deform the cable (see Table 13-1).
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Stubs

13.4.3ltisgoodpracticetoprovideasetoftwoormoresparestubs(shortlengthsofductsleadingoutfromthe
manhole) so that the manhole wall need not be disturbedwhen afutureextensionismade.The stubsshould beplugged
onbothends.

| — | Grade
Ground wire
7 Pulling iron 7
: Cable rack Pl . ‘ ‘
S
Ducts as required Ground electrode
Pulling iron
00
oo™
Ducts as required
Drain
” Yo
v v

Figure 13-13. Manhole

Hardware
13.4.4Hardwareapplicabletotheinstallationshouldbechosen.Whereflaredendsofductsareprovided,cable-
duct shields are necessary only for protection of metallic-sheathed cables.

Pulling irons
13.4.5Pullingirons,alsoreferredtoas"drawirons",areloopsorformedbarsinsetinthewallsofthemanholeto

serveasananchorpointforthepullinginofcable. Thepullingironsshouldbeofastrengthtowithstandtwicethe
expected load that may be applied.

Two-section manholes
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13.4.6Two-sectionmanholesshouldbeusedtomaintainseparationofthecircuitswhereelectricpowerand
communication lines are installed in the same duct or use the same manhole.
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Grounding

13.4.7Themanholeisprovidedwithgroundingforalimetalpartssuchasthecablerackandentrancecover
connectedtoanexteriorgroundelectrode.Fourinterconnectedgroundelectrodes(oneateachcorner)maybeinstalled
around the manhole in accordance with local codes.

13.5INSTALLATION OF UNDERGROUND CABLES IN DUCTS

Preparation of ducts

13.5.1Aftertheductinstallationiscompleted,thecablesareinstalledbydrawingorpullingintotheducts. The
ductshouldbeopen,continuous,andclearofdebrisbeforethecablesareinstalled. Thecableshouldbeinstalledina
mannertopreventharmfulstretchingoftheconductor,injurytotheinsulation,ordamagetotheouterprotective
covering.Theendsofallcablesshouldbesealedwithmoisture-sealtapebeforeinstallingandtheyshouldbekept
sealeduntilconnectionsaremade.Where morethanonecableistobeinstalledinaductorconduit,allcableshouldbe
installedatthesametime.In no case should a splice or connection be placed in a duct or conduit.

Cable pulling in ducts

13.5.2Methodofpulling. Thecablestobeinstalledintheductshouldbepulledbyapowerwinchorbyhand.An
adequateamountofcablepullingcompoundshouldbeusedonallpulls.Petroleumgreaseshouldnotbeused. The
surfaceofanycablesheathorjacketshouldnotbedamagedtoadepthgreaterthan1/10thitsoriginalthickness.The
cableshouldnotbeflattenedoutofroundmorethan1/10thitsoutsidediameter.Maximumpullingtensionsfor
commonlyinstalledcablesarelistedinTable13-1.Thelimitationslistedinthistablearenotintendedtoprecludethe
useofsteelorwireropeasameansofpulling.However,unlessadynamometerisusedtoindicatethepropertension
forthecablebeingpulled,aharnessofthepropersizeropethatwil llimittensionofthepulltoforcesindicatedin

Table 13-1shouldbeused.Anycombinationofagroupofcablestobepulledintoaductshouldnotexceedthesumof
individualallowabletensionofeachcableplus15percent.

Table 13-1.Maximum allowable non-armoured cable pull usingdynamometer or rope

CableTension(kg)Rapediameter(mm)

2-1¢8.4mm>Sol1254.8C

3-1¢8.4mm>S0l1656.4C4.8M

4-1c8.4mm>S0l2506.4M

2-1¢13.3mm>Str1906.4C4.8M

3-1¢13.3mm*Str2858.0C6.4M

4-1c13.3mm?>Str3809.6C4.8D

1-2¢8.4mm>Str1406.4C
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CableTension(kg)Rapediameter(mm)

1-3¢8.4mm?Str1806.4C

1-4¢8.4mm?Str2656.4M

1-2¢13.3mm?Str2206.4C4.8M

1-3¢13.3mm?Str3108.0C

1-4¢13.3mm?Str4009.6C8.0M4.8D

1-6¢3.3mm?Str1406.4C

1-12¢3.3mm?Str2858.0C6.4M

1-12PR0.6mm?1054.8C

1-25PR0.6mm*2456.4M

1-50PR0.6mm?48011.5C4.8N

1-100PR0.6mm?12.0M8.0D

c—ConductorSol-SolidStr-StrandedPR—Pair
C—CottonM—ManilaD-DacronN — Nylon

Note.— Maximum pulling tensions for cables not listed should be obtained from the manufacturer of the cable.

13.5.3Lengthofpull. To minimize splicing, the longest practicablelengthsofcableshouldbepulledintotheducts
atonetime.Unlessotherwiserequired,manholesandhandholesshouldbeasfarapartaspracticableforthetypeof
cable being installed but under no condition should the distance between manholes or handholes exceed 200 metres.

Installation of cables in manholes and handholes

13.5.4Cableracks.Cablesshouldbecarefullyformedaroundtheinteriorofmanholesorhandholesavoiding
sharpbendsorkinks.Allsplicesandcablesshouldbetiedtocableracksusing3.2mmdiameternylonline.Manhole
andhandholeracksshouldbetheplastictypeorprovidedwithporcelaininsulators.Splicesorconnectorsshouldbea
minimumof0.6mfromthemouthoftheductopeningintothemanholeorhandhole.Wherefeasible,splicesindifferent
cables should be staggered.

13.5.5Cableterminations. Terminationofallcontrol,telephone,andcoaxialcablesshouldbeasrequired.
Terminationofallpowercablesratedabove5000voltsshouldbemadewithastressreliefdevice.Wherepotheadsare
used,strictconformancetothemanufacturer'srecommendationsshouldbefollowed.Whereterminationsaremadeat
transformerbushings,exposedconductingsurfacesonbothhigh-andlow-voltagesidesshouldbetapedforfullvoltage
and painted with a high insulation water-resistant coating.
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13.5.6Cablegrounding.The following conditions apply to the grounding of cables.
a)Allshieldedpowercablesshouldhavetheshieldgroundedateachend.Thegroundingconductor
shouldbeconnectedtoagroundrodbymeansofagroundingconnectorspecificallydesignedforthis
purpose.Theshieldsorarmourondirectearth-buriedpowercablesshouldbegroundedoneachend,

butnotatthesplices.

b)Allshieldedcontrolcablesshouldhavetheshieldgroundedateachend.Theshieldateachsplice
shouldhaveinsulationresistancefromthegroundequaltothatoftheoriginalcable.

c)Telephonecablesshouldhavetheshieldsgroundedatoneendonly. Theshieldateachspliceshould
have insulation resistance from the ground equal to that of the original cable.

d)Coaxialcableshieldsshouldbeinsulatedfromthegroundthroughoutthelengthofthecablerun.The
shieldsshouldbegroundedonlyatthecoaxialconnectorterminatingintotheequipmentoneachend
ofthecablerun.
Grouping of cables
13.5.7The following are applicable to the installation of two or more cables in thesame duct:
a)power cables of the same voltage may be installed in the same duct;

b)power cables of less than 600 volts may be installed in the same duct;

c)powercablesoflessthan600voltsshouldnotbeinstalledinthesameductwithcontrol,telephone,or
coaxialtypecables;

d)powercablesofmorethan600voltsshouldnotbeinstalledinthesameductwithcontrol.telephone,
coaxial or power cables of less than 600 volts;

e)control,telephone,andcoaxialcablesmaybeinstalledinthesameduct;and

f)power,control,andtelephonecablesmaybeinstalledinthesameductsystem,subjecttoprovisions
0f013.5.9.

13.5.8The following are also applicable:
a)cables of different class of voltages should not be installed in the same duct;

b)cablesofdifferentareas,asforexamplethatofrunwaysideandtaxiwayside,shouldalsonotbe
mixedinthesameduct;and

c)interleavedcircuitsaregenerallyinstalledinthesameductandmaybenecessitatedforcommon
routing in the deep base systems.

13.5.9The following are applicable to cable installation in manholes or handholes:

a)powerandcontrolcablesshouldbeinstalledinseparatemanholesandhandholesunlessrequired
otherwise.Ifspaceisavailable,cableslacksufficientforonespliceforeachcableshouldbeleftin
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eachmanhole;and
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b)whenitisnotpossibletoinstallpowerandothertypecablesinseparatemanholesorhandholes,they
should be installed in separate compartments or on opposite sides of the manhole or handhole.

Cable installation in saw cuts (secondary wiring)

13.5.10Use of saw cuts:

a)Whennewlightsareinstalledinexistingpavements,forexample,runwaycentrelineandtouchdown
zonelightsandtaxiwaycentrelinelights,cableinstallationinsawcutsorkerfsmayberequired.Only
secondarycircuitsofisolatingtransformersshouldbeinstalledinsawcuts. Thistechniqueshouldnot
be used in new pavement as it weakens the pavement.

b)Sawcutsareusedprimarilyforconcretepavementsandaregenerallylimitedtorepairsortemporary
worksonasphaltpavements.

13.5.11Cuttingthepavement.Sawcutsaremadewithdiamondbladesaws.Thewidthofthesawcutorkerf
(Figure13-14refers)shouldbenotlessthan10mmwideandnotlessthan20mmdeep.Thewidthanddepthshould
beincreasedifseveralcablesaretobeinstalledinthesamesawcutandatentrancestolightfixtures,transformer
enclosures,andsplicechambers.Thedepthofthekerfshouldbeincreasedsufficientlytoallowslackwireunderthe
pavement joint whereasawcutcrosses aconstructionjointinthepavement.All saw cuts shouldbe instraightlineswith
verticalsides.Theintersectingedgesshouldbechamferedwheresawcutsintersecttoreducedamagetothecable
insulation. It may be desirable to collect the debris from saw cutting and process it to recover the diamond grit.

Light unit —
‘o

p Y
/’/\,/?(@\_5 @)

o
///// \ Branch wireway

Figure 13-14. Saw kerf detail
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13.5.12Cleaningthesawcut. Thesawcutshouldbesandblastedtoremoveallforeignandloosematerial. Sand
forblastingshouldbeofthepropersizeandqualityforthisworkandappliedwithpropersizenozzlesandairpressure.
Immediatelypriortoinstallingthecablesorwires,thesawcutshouldbeflushedwithahigh-speedjetofwaterorsteam
and dried with a high speed jet of air.Keep this area clean until completion of the work.

13.5.13Installation of cables in saw cuts.Since these cables are for the secondary current of isolating transformers,
600voltinsulationsuitableforwetordamplocationsshouldbeused.Polyvinylchloride,polyethylene,rubberand
ethylene-propylene-rubberaresuitabletypesofinsulation. Ajacketovertheinsulationisnotrequired. Theconductor
shouIdbestrandedcoppernotlessthan1.5mmzincross-sectionalarea.IfthetotallengthoftheconductorwiIIexceed
350m,theconductorsizeshouIdbenotlessthanG.Ommz.UsualIysingle-conductorwireisused,buttwo-conductor
cableisacceptable.Donotsplicethecableinthesawcuts;useonlyfulllengthrunsofcable. Thecablesshouldbe
placedatthebottomofthesawcutsandanchoredwithrubberorplasticwedgesorwithnon-corrosivemetalclips.
Thereisnoneedforseparationofcableswhenmorethanonecableisplacedinthesamecut. Thewedgesorclips
shouldbespacedapproximatelylmapartexceptthatcloserspacingmaybedesiredatpavementjoints,sawcut
intersections,andentrancestosplicechambersorlights.Cablesshouldbeencasedinflexibletubingofpolyethyleneor
othersuitablematerialofnotlessthan0.3minlengthatjointsinthepavements.Thesizeofthetubingshouldbe

sufficient to allow movementofthecables.The tubing shouldbe centredon thejointandtheendsofthetubingwrapped
with tape to prevent the entrance of sealing materials (Figure 13-15).

13.5.14Alternatively,thesecondarywiresmaybeprotectedbyinclusionof'backerrods"whicharetubularflexible
foamrods(ropes)thatarecuttolengthandputintothesawkerf. Thebackerrodontoppreventsthecablesfrombeing
encapsulatedbytheliquidsealerandmakesiteasiertolaterremovethecablesincaseofafault,etc. Thebackerrod
onthebottomprovidesacushionforthecablestohelpprotectagainstabrasion.Nylonropecouldalsobeused
(Figure13-16).

Flexible liquid sealer Existing joint sealer
< 300 mm > (will be removed when cut)

| A 4 Aa 4
k- a < a4 4 Ja . 4 T4 H
204 40 A a4 4 a | Plastic sleeve
e a
T4, 479 4 4 a%9d4 a “ |
A - a fa 4,9 4« a |
| a9 4 4aa” a2 a4 A 44 a |
II g 9 9 g < N el 7 /

Rigid pavement \

Pavement seam

Figure 13-15. Joint crossing
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__— Secondary wires

P e __— Backer rod

Figure 13-16. Secondary wireway saw cut for in-pavement lights

13.5.15Sealingthesawcut. Thesawcu

tshouldbesealedwithsuitableadhesivecompoundsalongtheentire

lengthafterthecablesareinstalled. Thecompoundsareusuallytwo-componentliquidtypessuitableforthecable
insulationandthetypeofconcrete. Testsamplesofthesealantshouldhaveaminimumelongationof45 percent.The
adhesivecomponentsshouldnotbeolderthanrecommendedbythemanufacturerandshouldnotbestoredwherethe
temperatureexceeds30°Corthemanufacturer'srecommendations.Themanufacturer'sinstructionsshouldbefollowed
inmixingandinstalling.Usuallyiftheadhesivecomponentsarepre-warmedto25°Cbeforeandduringmixing,the
compoundmaybesatisfactorilyinstalledandcuredwithouttheapplicationofexternalheatiftheambie nttemperatureis
7°Corgreater.Thejointsofpavementintheareasofsawcutsshouldbepackedwithrovingmaterialsuchashemp,
jute,cotton,flaxorothersuitablematerialtopreventthesealingmaterialfromflowingintotheopenjoint.Allsurplusand
spilledmaterialshouldberemoved.

13.5.16Cableterminations.Cablesshouldbeproperlyterminatedinfixtures,transformerenclosures,andsplice
chambers.Theentrancestotheseterminationunitsshouldbesealed. Theterminationendsofthecablesshouldbe
suitablyconnectedandthecableprotectedfrommoistureenteringthecablebetweentheconductorandtheendofthe
insulation.

13.5.17Secondary cableinstallationinduct. Alternatively, the secondarywiring maybeinstalledinconduit.Careis
necessary to select a duct type whose thermal expansion is compatible with that of the pavement.
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Cable marking
13.5.18Colourcodedtape.Allcablesandcableroutesshouldbemarkedforeasyidentification.

13.5.19Cabletagging.Installedprimaryairfieldlightingcablesshouldhavecablecircuitidentificationmarkers
attachedonbothsidesofeachconnectorandoneachairportlightingcableenteringorleavingcableaccesspoints,
suchasmanholes,handholes,pullboxes,junctionboxes,etc. Tagsshouldbeattachedtothecableimmediatelyafter
installation. Cable terminations and potheads should be tagged asto function, facilitywhichitserves,andotherpertinent
data.Tagsshouldbeofsuitablesizeandthickness,usinglettersnotlessthanémminsizeandofnon-corrosive

material. Theyshouldbesecurelyattachedtothecableusingnyloncord.Markingoftagsshouldconsistofan
abbreviationofthenameoffacilityorfacilitiesservedbythecable,theletterindicatingthetypeofservice(power,
telephone,controlandradiofrequency(coax))providedbythecable.Wheretelephonetypecableisusedforcontrol
functions,itshouldbemarkedasacontrolcable,notatelephonecable.Wheretwoormoreidenticalcablesareusedto

serve the same facility, they may be bundled under one tag.

13.5.20Markersshouldbeofsufficientlengthforimprintingthecablecircuitidentificationlegendononeline. The
cable circuit identification should match the circuits noted on the construction plans.
Lightstationidentificationnumbers

13.5.21Identificationnumbers,liketheoneinFigure13-17,shouldbeassignedtoeachstation(transformer
housing installation) as per the plans.Place the numbers that identify the station by one of the following methods:

a)Forconcretepavements,stencilidentificationnumbersof50mmminimumheightusingblackpainton
thepavementsideofthetransformerhousingbaseplate.

b)Attachanon-corrosivemetaldiscofsSOmmminimumdiameterwithnumberspermanentlystampedor
cut out under the head of a transformer housing base plate bolt.

c)Stampnumbersofa75mmminimumheightonavisibleportionoftheconcretebackfillsurrounding
thetransformerlightbase.

Figure 13-17.ldentificationtag
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Cableroutemarkers

13.5.22Directearth-burialcableroutesshouldbemarkedevery60malongthecablerun,withanadditional

marker at each change of direction of the cable run, andateachcablesplicewith aconcrete slabmarker ofsuitablesize
andthickness.Thesemarkersshouldbeinstalledshortlyafterthefinalbackfillofthecabletrench.Themarkers,as

shownin Figure 13-18, should be installed flat in thegroundwiththetopapproximately25mmabovethefinishedgrade.
Aftertheconcretemarkerhassetaminimumof24hours,thetopsurfaceshouldbepaintedbrightorange(oralternate
conspicuouscolour)withpaintsuitableforuncuredexteriorconcrete.Eachcablemarkershouldhavethefollowing
informationimpresseduponitstopsurface:

a)theword"CABLE"or"SPLICE".Theletterdesignatingthetypeofcablesplicedshouldprecedethe
word "SPLICE";

b)the name of the facility served,;
c)thetypeofcableinstalledshouldbemarkedwith"POWER","CONTROL","TELEPHONE",

"COAXIAL"orwithsuitableabbreviationsfortheseterms.Thedesignationofalltypecablesinstalled
shouldbeshownonthemarker;

e—— 600 mm ——»

7 ! I

we| CABLE | | PoCT | | SPLICE
= cm

L 1 /]

/
/

Arrows indicate direction of cable run ) ) . .
Letter size typically 100 mm high x 70 mm wide,

10 mm stroke width, impressed 10 mm into concrete

Figure 13-18. Cable markers
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d)arrows to indicate the direction or change of direction of the cable run;
e)the letters should not be less than 100 mm high, 70 mm wide and 10 mm deep;

ficablesinstalledinductorconduitshouldhavecablemarkersinstalledevery60mandatevery
changeindirectionofcable,exceptmarkersshouldnotbeinstalledinconcreteorasphaltsurfaces;
and

g)manholes and handholes should be identified by purpose.

13.6DIRECT BURIAL OF AGL TRANSFORMERS

DirectburialofAGLtransformers,asshowninFigure13-19,shouldusuallybeinstalledatthesamedepthasthecables
connectedtothetransformers.Transformersandcablesshouldbearrangedsothattherewillbenobendsorstresses
ontheconnectorsandthecablesandleadsshouldbeprovidedwithslacktoaccommodateearthsettlingandfrost
heaves.Useproperconnectorsandtapetheoutsidejointwithtwoorthreeturnsofelectricaltape.Donotmakesplices
forconnectingthecablestothetransformers.
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Ground |ug
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Primary leads/connectors <> To ground electrode
\ or counterpoise wire

—— AGL transformer

Cable trench Sand bedding

Anchor stake

Figure 13-19. Direct burial of AGL transformer with stake-mounted light fixture

13.7TRANSFORMER HOUSINGS/LIGHT BASES

Installation with transformer housings/light bases

13.7.1MostcableconnectionstotheAGLtransformersareinspecialhousings,inthebasesforlightingfixtures
thatarebelowthesurfaceattheedgeofpavedrunwaysortaxiwaysorinthepavement.Preferably,thesehousingsare
installedatthedesignatedlocationsinapouredconcretefoundationwhichencasestheenclosurecontainerbynotless
than10cmtol5cmofconcretearoundthebottomandsides.Metalconduitsconnectedtoentrancesofthecontainer
foradmittingthecablesofthecircuitshouldextendthroughtheconcretewalls. Thetopofthecontainermustbelevel
andattheproperdepthbelowthetopsurfaceoftheconcreteformountingthelightfixtureorcoverplate.Aholding
deviceorjigshouldbeusedtomaintainlevel,alignmentandproperdepthofthetopoftheenclosurecontainerduring
installationandcuringoftheconcrete. Theendsofthecablesarepulledintotheenclosurecontainerandtheendofthe
conduitoutsidetheconcretefoundationissealedaroundthecablewithasuitablecompoundtokeeptheenclosurefree
ofwater.Theelevatedlights,semi-flushlightsorblankcoversmountedonthesecontainersshouldincludeagasketor
other means of sealing to preventwater from entering thecontainer. An example of such a transformer housing is shown
inFigure13-20.
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Ground jumper

Externalfinternal ground lug .. | Secondary lead
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1~ AGL transformer

;:n
\ Conduit

% | Drain hole

Brick

* An equipment ground through the duct system
may not be provided if connection is made to an
external ground electrode or counterpoise wire

Figure 13-20. Light unit on transformer housing

Installation in existing pavement

13.7.2Iflightsaretobeinstalledinexistingpavements,installingthetransformerhousinginaconcrete
foundationmaynotbepractical.Usuallythetransformerhousingislocatedattheedgeofthepavementandthe
secondarycablestothelightareinstalledinsawcuts.Atransformerhousing,junctionboxorthelightfixturemaybe
installed atthelocationofthelightsinordertomaketheconnections,whicharedonebyboringaholeofthepropersize
anddepthinthepavement. Thelightfixturemaybemountedonahousingorbeofatypesuitableforinstallingdirectly
inthehole.Holesofproperdiameterforthefixturesorhousingsshouldbeboredinthepavementwithdiamond-edged
bits. Thebottomoftheholeforjunctionboxesandlightfixturesshouldbeflatorslightlyconcaveexceptthatanarea2.5
cmwidearoundtheperimetershouldbeflat.Iftheholesaredrilledtoodeeptheyshouldbefilledwithsealant
compound to the desired depth and the compound permitted to cure before proceeding with the installation.

Installing the enclosure

13.7.3Thesidesandbottomofthetransformerhousing,junctionboxorfixtureshouldbesandblasted
immediatelypriortoinstallation.Alsosandblasttheinsidefacesoftheboredhole. Thebottomandsidesofthe
enclosureorfixtureandthefacesandbottomoftheboredholeshouldbecoveredwithacoatingofasuitablesealant
usingtheminimumamountthatwillcompletelyfillthespacebetweentheconcreteandthefixtureorenclosure.The
sealantcompoundisusuallyatwo-partpastecompoundwhichismixedandinstalledinaccordancewiththe
manufacturer'sinstructions.Aholdingdeviceorjigshouldbeusedforinstallingeachlightorenclosuretoassureits
properelevationandalignment.Theholdingdeviceshouldbeleftinplaceuntilthesealanthasset. Thecablesshould
bepulledinandbroughtintopositionforconnectingorsplicingasrequiredandtheentranceshouldbesealed.All
surplus sealant or embedding compound should be removed.

Prefabricated housings
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13.7.4Alternatively,theAGLtransformersmaybeinstalledinaprefabricatedhousinglocatedatthesideofthe
runwayandthesecondaryleadstothelightunitsareroutedthroughconduit. Suchtransformerhousingisshownin
Figure 13-21 with equipment grounds also installed in the secondary conduit.

Installing AGL transformers in housings

13.7.5Whenisolatingtransformersareinstalledintransformerenclosures,thetransformersshouldbepositioned
withaflatsideonthebottomsoftheenclosures,ifpossible.Connectthecablestotheleadsofthetransformersusing
suitableconnectors,notsplices,andtapethejoints.Connectorsshouldlieflatonthebottomsoftheenclosureswithout
bendingortensionifpossible.Groundconnectionsontheisolatingtransformersshouldbeconnectedtotheequipment
groundwireorcounterpoiseifsuchconnectionsareprovided.If theinternaltemperaturesintheenclosureswillbemore
than120°C,asectionoffoilbetweenthelightfixturesandthetransformerswillreducetheeffectsoftheheatonthe
transformer.Accordingtosomelocalpractices,theAGLtransformerisplacedonabrickoraffixedtothewallofthe
housing(bymeansofashelforspecialhanger)tokeepitelevatedfromwaterthatmayaccumulateinthebottomofthe
housing.
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Equipment ground

to light unit Conduit to light unit

Grade

Secondary lead —_| Interior ground stra
— 9 p

AGL transformer ___| |

To runway ground wire
e

/ |
\ Prefabricated housing

Primary connector Drain hole

Figure 13-21. Multiple transformers in a prefabricated housing

g Counterpoise wire
R /'—'Gh‘ fixture (routed outside the conduit and base)
] A : 3
AN Qz%
A Conduit
Ground lug
/r“////////‘///////§ LA LD
Equipment ground lead
(a) Without counterpoise wire (insulatated) (b) With counterpoise wire

Figure 13-22. Shallow base installation

Chapter13.Underground electrical systems13-33
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13.8SHALLOW LIGHT BASE INSTALLATION

Forexistingpavements,ashallowbaseorreceptacleisusedforinstallationofthein-pavementlightfixtureasshownin
Figure13-22.Thebaseisplacedintoacoredholeinthepavementandheldinpositionbymeansofaspecialjigto
ensureproperazimuth,elevationandlevel.Aliquidsealerisusedtofilltheremainingspacebetweenthebaseand
sidesofthecoredhole.Thesecondarywiringtotheopticalassemblyisbroughttothefixturethroughmeansofconduit
installedinasawcutorplaceddirectlyintothesawcut. Theequipmentgroundingisextendedtotheopticalassembly
bymeansofagroundjumperwhichisofsufficientlengthtoenableremovaloftheopticalassemblyclearofthebase.
TheequipmentgroundistypicallyanidentifiedinsuIatedwireof14mmz(#4AWG)size.Whereacounterpoisewireis
installedforlightningprotection,theequipmentgroundisnotneededandthegroundjumperistheconnectertothe
counterpoise by means of an external/internal lug.
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Chapterl4

CABLESFORUNDERGROUNDSERVICEATAERODROMES

14.1CHARACTERISTICS OF CABLES FOR UNDERGROUND SERVICE

Insulation

14.1.1Thefollowinginsulationmaterialsarecommonlyspecifiedbecausetheyprovidethemaximumrated
conductortemperaturesforoperating,overload,andshortcircuitconditionsforcablesrateduptoamaximumof
35kilovolts:

a)Cross-linkedpolyethylene(XLP).Thisthermo-settingcompoundhasexcellentelectricalproperties,
goodchemicalresistanceandgoodphysicalstrengthcharacteristics.

b)Ethylene-propylenerubber(EPR).Thiscompoundhaselectricalpropertieswhichareconsidered
equaltocross-linkedpolyethylene;therefore,thecontractorshouldbegiventheoptiontoprovide
either type.

¢)Thermo-plasticelastomer(TPE).Thiscablematerialprovideseffectiveelectricalinsulationand
toughness in thin layers as well as good flexibility over a range of temperatures.

d)Polyurethane(PUR)jacketed.This cable jacket is halogen free and resistant to de-icing products.

14.1.2Thefollowinginsulationmaterialsmaybeusedwherespecialcircumstanceswarranttheirlowerrated
conductor temperatures or their lower rated maximum voltage class.

a)Rubber.Rubberinsulatedconductorsprovideeaseofsplicing,goodmoistureresistanceandlow
dielectric losses.

b)Paperinsulated.Usepaperinsulatedcableforlowionization,longlife,highdielectricstrength,low
dielectriclossesandgoodstablecharacteristicsundertemperaturevariations.Aswithvarnished-
cambricinsulation,paperinsulationrequiresasuitableprotectivemetallicsheath.ltmaybespecified
asanoptionwhenexistingcablesarepaperinsulated,orasarequirementwhentheextracostis
justifiedbecauseneithercross-linkedpolyethyleneorethylene-propylenerubberprovidetherequired
qualities.

c¢)Butylrubber.Thisthermosettinginsulationhashighdielectricstrengthandishighlyresistantto
moisture,heat,andozone.ltcanbeusedupto35 000volts,buthaslowerratedconductor
temperatures than either cross-linked polyethylene or ethylene-propylene rubber.

d)Siliconerubber.Thisthermosettinginsulationishighlyresistanttoheat,0zone,andcorona.ltcanbe
used inwetordrylocations,exposed,orin conduit. Ithasthe highestratedconductortemperaturebut
can be used only for applications up to 5 000 volts.
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14.1.3Table14-1providesaconversionfromAWGtometricequivalent. Theequivalentsareroundedupwards
(e.g.for AWG #10 with area of 5.26 mm? the metric equivalent is 6 mmz).

Table 14-1.Conversion from AWG to metric equivalent

AWGno.mm’metric equivalent (mm?)

233.63135.0

421.15125.0

613.30216.0

88.36610.0

105.2616.0

123.3094.0

142.0812.6

161.3091.6

180.8231.0

200.5180.75

220.3260.5

Note.—Asageneralpractice,for6.6amperecircuitry;forsecondaries,thewireusedisthemetricsize
4mm°or#12AWG.For primaries, it is the metric size 10 mm? or #8 AWG.

14.1.4Some States have incorporated Standards for airport installations into their electrical code.

14.2CABLE SHEATHS
Non-metallic

14.2.1Non-metallicsheathsshouldbeflexible,moisturerepellent,andlonglasting.Neoprene,whichisoften

used as non-metallic cable sheaths, is unsuitable in many locations.This material frequentlyabsorbs excessiveamounts
ofwaterwhichmaypenetratethroughtotheinsulation.Somenon-metallic-sheathmaterials,especiallyinsometropical
areas,arereportedtobedamagedbymicro-organisms,insectsandplantlife. Somesheathmaterials,whichperform
wellwheninstalledundergroundorinconduits,deterioraterapidlyifinstalledwheretheyareexposedtosunlight.
Materialswhichbecomebrittleatiowtemperaturesshouldnotbeusedincoldregions.lnsomelocations,rodents
frequentlydamagenon-metallic-sheathedcable.Intheseareas,thecableshouldbeinstalledinductsormetallic-
sheathedcableshouldbeused.
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Metallic

14.2.2Cablesexposedtomechanicaldamageorhighinternalpressurerequireametallicsheath,suchaslead,
aluminiumorsteel.Certain insulations, such as paper and varnished cambric, require such protectioninall cases.

14.3CABLE COVERINGS

A suitable covering or jacket may be required for corrosion protection of metallic sheaths.

14.4SHIELDED CABLES

Shieldingofamedium-voltagedistributioncableisrequiredtoconfinetheelectricfieldtotheinsulationitselfandto
preventleakagecurrentsfromreachingtheoutsideofthecable.Insulationshieldingisrequiredonallnon-metallic-
shieldedcableratedtokilovoltsandabove,exceptforaerodrome-lightingseries-circuitcables,andallmetallic-sheathed
cableratedfivekilovoltsandabove.Shieldsshouldbegroundedtoreducethehazardsofshock.Groundingisrequired

at each termination otherwise dangerous induced shield voltages may occur.

14.5CABLE FIREPROOFING

14.5.1Cablesinmanholes,handholes,andtransformervaultsoperatingat1400voltsorover,orexposedtothe
failureofothercablesoperatingatthesevoltages,shouldbefireproofedwithasuitablespraycoating.Exceptionsmay
be made where physical separation, isolation by barriers, or other considerations permit.

14.5.2Specialattentionshouldbegiventothecablesthatenterthemainmanholeandfloorracewaysystemof
theelectricalvault.ltisatthispointthatafaultononecablemightpropagatetoothercablesoftheairfieldlighting
necessitating major repair work.

14.6PROTECTION AGAINST CORONA DAMAGE

Insulationofhigh-voltagecableswhichmaybedamagedbyozoneshouldbeprotectedagainstthisdamageby
controllingcorona,whichproducesozone,byplacingathinsemi-conductingfiimbetweentheconductorandits

insulation. This film fills the voids between theconductorandtheinsulationthuspreventingthegenerationofcoronaand
henceozone.

14.7CABLE CONDUCTORS

Annealedcopperisusedinmostformsofinsulatedconductorsbecauseofitshighconductivity,flexibility,andeaseof
handling.Mediumhard-drawncopperhasagreatertensilestrengththanannealedcopper.Theseconductorsmaybe
permitted as an option except where corrosive conditions limit their usage.
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14.8HEALTH AND ENVIRONMENTAL ISSUES

14.8.1Healthandenvironmentalissuesshouldbetakenintoaccountwhenselectingcables.Oneshouldavoid
productsthatcontainhalogensandareproblematicforrecyclingsuchaspolyvinylchloride(PVC)andlead(Pb). Such
cablespreferablyshouldbereplacedbymoreenvironmentalfriendlycablesasthoseindicatedinthefollowing
Standards:

a)flameandfireretardant(IEC60332-3-24);
b)halogenfreecable(IEC60754-1);

c)non-corrosive and non-toxic cable (IEC 60754-2); and
d)low smoke emission and opacity cable (IEC 61034).

14.8.2Designersandthoseprocuringcableshouldbeawareofthedirectiveontherestrictionoftheuseof
certainhazardoussubstancesinelectricalandelectronicequipment;referredtoastheRestrictionofHazardous
SubstancesDirective(RoHS,2002/95/EC)restrictingtheuseofhazardousmaterialsforelectricalequipment.ltis
relatedtotheWasteElectricalandElectronicEquipmentDirective(WEEE,2002/96/EC)pertainingtocollection,
recyclingandrecoverytargetsforelectricalproductsandispartofalegislativeinitiativetosolvetheproblemofhuge
amounts of toxic e-waste.

14 9CLASSES OF SERVICE

Low-voltage cables

14.9.1Low-voltagecables—insulationratedat600voltsorless—areusedtoconnectthesecondariesof
series/seriesisolatingtransformerstothelampsinthefixtures,forlow-voltagedistributioncircuits,aslow-voltagefeeder
circuitstosingleunitsandtheshortercircuits. Theconductorsareusuallycopperbutmaybealuminium.Eithersingle-
ormulti-conductorcablesareused.Bothsolidandstrandedconductorsareusedbutstrandedispreferrediffrequent
flexingofthecableisexpected.Thecross-sectionalareaoftheconductormayvaryfrom2.5mmz2to4mma2(#14to

#12 AWG) or larger if necessary to decrease the voltage drop.

14.9.2Fortwoconductorsecondaryleadsacolourcodingisuseddependinguponstatepractice.InEuropethe
identifiedconductor(neutral)isbrownincolour;theliveconductorisblueincolour.InNorthAmerica,theidentified
conductor(neutral)iswhiteandthelivewireisblack. Theidentifiedconductorshouldgotothelargepinofthe
secondaryconnectorandtotheshell(threadedorprefocused)portionofthesocket(seeFigure14-1).

Series aerodrome lighting cables

14.9.3Serieslightingcablereferstothesingleconductorcableusedfortheprimaryloopcircuitandfeedersback
totheelectricalvault. Theseriescurrentusedinthesecircuitsiseither6.6or20amperes.Theconductorsize
commonlyusedis10mm?(#8AWG)or16 mmZinthecross-section(#8AWG). Theconductorisusuallystrandedbuta
solidconductorcanalsobeused.Theinsulationisusually5000voltrated.Anon-metallicjacketovertheinsulationis
commonlyused.Metallic-tapeshieldingbetweentheinsulationandjacketorbetweenthejacketandnon-metallic
coveringisoftenusedbutmaynotberequiredforsomeinstallations. Thepreferredserieslightingcablesarestranded
copper,cross-linkedpolyethylene,ethylene-propylene-rubberorbutyl-neoprenerubberinsulation;chlorosulfonated
polyethylene, polyvinyl chloride, polyethylene, or heavy duty neoprene jacketed — all metal-tape shielded types.
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Colours of wires may vary according to local codes

Figure 14-1. Secondary wire
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Figure 14-2. Primary cable

14.9.4Thevoltagesusedusuallyrangefrom600to3030 voltsforconstantcurrentregulatorsupto20kVA
providinganoutputof6.6amperes.Highervoltagesmaybeobtainedfromlargerregulators,e.g.4545voltsfora

30 kVAregulatoroperatingat6.6amperes.However,itisrecommendedthatregulatorsshouldbelimitedtothe20 kVA
size and the lighting system be installed using more than one circuit to distribute the load.

Controlcables

14.9.5Controlcablesarelow-voltagecablesusuallyinpairsormulti-conductor.Agroupofsingle-conductor
cablesmaybeusedforsomesimplecontrolcircuits.Somecontrolcableshaveoneortwolargerconductorsfortheline
voltageand/orneutralandseveralsmallerconductorsfortheindividualcontrols.Otherinstallationsmayuseapairof
largerwiresforthelineandneutralandothercableswithmanysmallerconductorwiresfortheindividualcontrols.Multi-
conductorcontrolcableshaveseven,twelve,sixteenormoreconductors.Mostcontrolcableshavestrandedcopper
conductors.Thesizeoftheconductorisselectedtokeepthelinevoltagedropwithinanacceptablerange.Thecross-
sectionalsizeoftheconductorsisusualbeetween2.5mm2and0.5mm2(#12t0#22).TheinsuIationresistancerating
mustbesuitableforthecontrolvoltagewhichisusually250voltsorless. Rubber,polyethylene,polyvinylchloride,
varnishedcambric,andpaperaresomeofthetypesofinsulationforcontrolcables. Thininsulationisdesirableto
reducethediameterofthecable. Twistedpairsorspirallingoftheconductorsisdesirableforalternating-currentcontrol
circuitstoreduceinducedvoltagebetweencircuits.Multi-conductorcablesmusthaveanoutsidejacketandmaybe
shielded with metal tape.
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Communications cable.

14.9.6Specialintercommunicationsortelephonecircuitsshouldbeinstalledtoprovidecommunicationsbetween
controltower,lightingvaults,andofficesorstations. Thecircuitsareusuallyoneormoretwisted-pairtelephonetype
cables.Thesecablesshouldbesuitableforundergroundinstallation. Althoughthecontrolcablesmaybeusedfor
communicationsatsomeinstallations,separatecablesinseparateconduits,orwell-separatedinthetrench,ifdirect
burial,arepreferred.

14.10GROUNDWIRES

Agroundwireorcounterpoisewireshouldbeinstalledtoprotectundergroundpowerandcontrolcablesfromhigh
groundcurrentsurgesinareaswheredamagefromlightningstrikesmaybeexpected.Thegroundwireshouldbe
installedbetweentheearth'ssurfaceandtheundergroundcables.ltisusuallyanuninsulatedstrandedcopper
conductoralthough,insomeStates,steelbandinghasbeenused.Thesizeofthisgroundwireshouldbenotlessthan

the largest size conductors which it protects. The cross-section area of the conductor may range from 10 mm? to 25 mm?
(#8to#4AWG)orlarger.ltshouldbeacontinuousconductorandconnectedtoeachfixture,lightbaseandgroundrod
orconnectionalongitsroute.

14.11CAUSES OF CABLE DAMAGE
14.11.1Cablefaultsarefrequentreasonsforaerodromelightingcircuitfailuresandoftenrequireconsiderabletime
andefforttolocateandrepair.Effectivemethodsofreducingcablefaultsimprovereliabilityofthesystem.Better
knowledgeofthecausesofdamagetocableshouldaidinchoosingtypesofcableandinstallationprocedures.Someof
these causes are examined below.

Mechanicaldamage
14.11.2Probablymostcablefaultsarecausedbymechanicaldamage.Poorinstallationtechniquesand
proceduresareprobablythemostcommoncauseofmechanicaldamagebutfrostheaves,vibrationfromaircraftor
vehicletraffic,rodents,groundshiftingorsettlingandmanyotherreasonsmayphysicallydamagethecable.Some
types of mechanical damage are:

a)nicksandscrapesoftheinsulation;

b)over stressing of the cable when pulling into ducts or unrolling the cable for direct burial;

c)stones or foreign objects in the beds or backfills of trenches;

d)inadequateslackatentrancestoorinsideofhandholes,manholes,lightbases,conduits,fixtures,
connectionstoequipment,connectors,splices,alongtrenchesorconduit,orotherlocationswhere
settling, maintenance, installations or weather may increase stresses;

e)nicking of the conductor at splices or connector joints may later break the conductor.;

flinadequateseparationofcablesintrenches,eitherverticallyorhorizontally,atslackloopsofcable,or
places where earth compaction or freezing action may force two sections of cable into direct contact;
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g)freezingorfrostheavesforcingthecableagainstice,frozenearth,oranyothersolidobjector
material. Proper cushioning and slack to reduce stress at these points is necessary;

h)improperlysupportedcablesinmanholesorotherareaswheresaggingorexposuremayresultin
objectsorpersonsputtingpressureonthecable;

i)vibrationfromtrafficpassingoverthecableorfromequipmentoperationattachedtoornearthecable
may cause fatigueof theconductororofthejacketandinsulation. Wheresuch conditions mayexistor
be developed, install the cables in ducts which extend well beyond the area of vibration; and/or

j)breakingorseparationofconduitsorductsmaybreakthecable. Theinstallationoftheductsand
conduitmustbeproperlyjoinedandsuitablybackfilledandtamped.

Water penetration

14.11.3Groundfaultisformedwhenwaterisabletopenetratethroughthecablesheathandinsulationtothe
conductor.Waterpenetrationorleakagemayoccuratsplices,connections,cableterminations,physicaldamageareas,
unsatisfactory insulation, pinholes from lightning or over voltage, or other defects.

14.11.4Improperly made splices and improperly installed connector kits are a frequentsourceofwater penetration.
(See 14.12 for instructions for making splices and installing connectors.)

14.11.5Inordertoavoidwaterpenetrationattheendsofcable, theseendsshouldbekeptcleanandfreefrom
moisturebeforeaswellasafterconnectingtotheequipment. Theendsofsparecablesshouldbesimilarlyprotected.
Sometypesofinsulation,especiallypaperandmineralfilled, mayattractmoisturefromtheatmosphereduringperiods
ofhighhumidity. Theendsofthecablesofthesetypesshouldbekeptsealedatalltimesevenafterconnectingtothe
equipment.

14.11.6Someinsulations,eitherfromdefectsorcomposition,maypermitexcessivewaterpenetration.Quality
testsofinsulationresistanceshoulddetectsuchdefects. Therearereportsthatsomeneoprene-jacketedcablesarenot
adequatelywaterresistant,althoughotherreportsstatethatcableofthistypeperformswell.Beforecableispurchased,
theperformanceofthetypeofcableatotherinstallations,preferablyfromthesamemanufacturer,shouldbe
investigated.

14.11.7Lightningstrikesmayseverelydamagecablesortheinducedvoltagesmaybeenoughtodamagethe

insulation by creatingpinholes.These pinholes are more likely to occur atpointsofcrossingcablesorwherethecableis
nearorincontactwithmetalconductors.Properlyinstalledgroundwireorcounterpoisesshouldreducethedamage
fromlightningstrikes.

14.11.8Excessivevoltagemaybeappliedtoacableeitheraccidentallyorfromfaultyoperation.Damagetothe
cable may not be noticed immediately.

14.11.9Theinstallationdesignshouldincorporatemeansfordrainageofductsandmanholesinordertoavoid
lengthy immersion of cables and connectors.

Chemicaldamage
14.11.100ftenaerodromelightingcablesarelocatedinareaswherefuel,oil,acids,orotherchemicalsmaybe
present regularly or occasionally. These chemicals affect the insulation resistance ofsometypesofcables. If it is known,
orsuspected,thatcablesmaybeexposedtosuchchemicals,selectatypeofcablewhichisresistanttothese
chemicals.Neoprene and rubber insulation may not be suitable in the presence of some de-icing fluids.
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Rodent damage

14.11.11Insomeareas,directburialcableisdamagedbyrodents,especiallygophers,gnawingtheinsulation.
Thereissomeevidencethattherodentsmaybeattractedtothecableeitherbytheheatemittedfromitorbyitstaste.
Whererodentdamageisaseriousproblem,itmaybedesirabletoinstallthecableinductsortousemetal-sheathing,in
particulartoprotectexposedsecondaryleads.

Micro-organism or plant damage

14.11.12Micro-organismsandplantsarereportedtohavedamagedsometypesofcablesintropicalorsubtropical
areas.Ifitisanticipatedthatsuchproblemsmayoccur,selectatypeofcablewhichisknowntoberesistanttosuch
micro-organismsandplants.

Ozone and corona damage

14.11.13Somecableinsulationsaredamagedbyozoneandthusbythecoronaproducedbythecircuitorby

nearby circuits. Cableinsulationsareavailablewhichsatisfactorilyresisttheseeffects.Selectcableswiththesequalities
ifthecableiscarryinghighvoltagesormaybeexposedtoothersourcesofozoneorcorona.lnthepast,someStates
haveusedcableswhichwerenotprotectedagainstcoronadamageforrunwayandapproachlightseriessystems
reasoningthatthesesystemsareoperatedatfullintensityforonlyarelativelysmallnumberofhoursperyear.
Consequently,thesecablesaresubjectedtohigh-voltagestressduringonlyasmallfractionofthetimeinservice. This
practicehasbeenfoundtobeundesirablesincethereductionincostissmallandbecausesomeofthiscablemaybe
inserted into power distribution circuits and subjected to continuous high-voltage stress.

Ultraviolet damage
14.11.14Somecableinsulation,whichperformssatisfactorilyinundergroundinstallations,maybecomebrittieand
deterioraterapidlywhenexposedtosunlight,e.g.usedwithelevatedsupportssuchasapproachlighttowers.Shoulda
cablebeexposedinthatmanner,selectacablewithaninsulationthatresistsultravioletradiationorinstallthecablein
metalconduit

Cable deterioration

14.11.15Mostcableinsulationdeterioratesslowly. Theservicelifeofundergroundcablesshouldbetentotwenty
years.

14.12CABLE CONNECTIONS

Note.— Cable splices should not be located within ducts — it is tolerated only in manholes and handholes.

Cablesplices

14.12.1AlIcablesplicesshouldbeperformedbyexperiencedandqualifiedcablesplicersusinghighstandardsof
workmanship.Splicingmethodsandmaterialsshouldbeoftypesrecommendedbythemanufacturerofthesplicing
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material for the particular type of cable being spliced. All cable splices should meet the following requirements.
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14.12.2Powercablesinsulatedformorethan5000volts. Splicekitsdesignedforthetypeofcablebeingspliced
shouldbeused.Whensuchkitsarenotavailable tapedsplicesmadeinaccordancewiththeparagraphonOtaped
splices (see 14.2.6) may be used.Epoxy or resin splices should not be used.

14.12.3Powercableswith600to5000voltinsulation.Pressureepoxy-resinsplicesenvelopesandcastsplicekits
designedforthecableshouldbeusedinstrictconformancewiththemanufacturer'sinstructions. Tapedsplicesshould
be used only if necessary.

14.12 4Powercablesinsulatedfor600voltsorless.Castsplicekitsorpressureepoxy-resinspliceenvelopes
suitableforalldirectearth-burialcablemaybeused. Tapedsplicesusingpre-stretchedorheat-shrinkabletubingasa
coveringmayalsobeused.

14.12.5Controlandtelephonecables.Atypeofre-enterablefilledspliceenvelopeisavailableforuseon
thermoplastic-insulatednon-pressurizedcables.Splicestoexistingpressurized,lead-coveredorpaper-insulatedcables
should be in accordance with the requirements of the authority involved.

Tapedsplices

14.12.6Tapedsplicesareusuallyusedonlywhensatisfactoryconnectorsandsplicekitscannotbeobtained. If
tapedsplicesaretobemade,thecorrecttechniqguemustbeusedinordertoobtainsatisfactoryservice. Thetechnique
describedbelowisintendedforsingle-conductorcablebutalsoapplieswithsuitableadaptiontomulti-conductorcable
splices.

14.12.7Keeptheendsofthecablestobejoinedcleanandprotectedfrommoistureatalltimes.

14.12 8AsillustratedinFigure14-3,carefullytaperandremovethecovering,jacket, metallicshield,sheathand
insulationfromtheendsofthecablestobejoined.Removealltracesofinsulationfromtheconductorsforalengthof
approximately3mmplushalfthelengthofthecrimpconnectorbeingcarefulnottonicktheconductor.Smoothlytaper
theinsulationbackfromtheconductorforatleast4cm.Removethesheath,metaltape,jacket,etc.backalongthe
outersurfaceoftheinsulationlayerforanadditional2cm. Thisoffsetofthetaperingshouldblockpathsofwater
penetratingalongthetapering.Keepintactthemetaltapeforshielding,ifinvolved,overtheentirelengthofthesplice.
Similarly,taperthenon-metallicsheathfor2cmormore.Removeanysteelormetalarmouroroutermetalcoveringbut
leavestubsorendsforreconnectingacrossthesplice.

14.12.9Useacrimp-typeconnectortojointheendsoftheconductor.Crimptheconnectorontotheendsofthe
conductorsusingatooldesignedtomakeacompletecrimpbeforethetoolcanberemoved. Theconductorconnector
may also be soldered if desired.

14.12.10Usingrubberorsyntheticrubbertapeofgoodquality,carefullywrapthejointonelayeratatime
maintainingenoughtensiononthetapeforapproximately25percentelongationandoverlappingthetape
approximately50 per centof itswidth.Each layerwill extend further upthetapealongtheinsulation. Continue thisbuild-
upoflayersofrubbertapetothefullsizeoftheinsulationlayer.

14.12.11Ifshieldingtapeisusedovertheinsulation,connectthemetaltape,whichshouldhavebeenkeptintact,
across the splice by soldering or using suitable connectors.Wrap with extra metal tape of similar type if needed.

14.12.12Continuetowraptherubbertapeasin14.12.10tonotlessthanl.5timesthediameterofthecable.
Carefullyapplytensiononthetapetopreventanyvoidsandtoobtaingoodadhesiontothecablesurfacesandeach
inside layer of tape.
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1. Strip the cables for 3 mm plus half the connector length.
2. Carefully pencil the insulation by 4 cm.
3. Fasten the conductors with crimped sleeve. 4 cm

4. Clean the insulation surface to be taped with chlorothene or isopropyl and allow to dry.

5. Apply one layer of electrical tape under high elongation (this tape will stretch in excess
of 600% before breaking) maintaining a half-lap and extending 2.5 cm beyond the pencilled area.

2.5cm
e

VPRt A G

6. Build up insulation to normal cable outside diameter with electrical tape half-lapped
and evenly spaced.

7. Apply 2 additional layers of electrical tape half-lapped and extending 8 cm beyond

the pencilled area.
| 8cm |

8. Cover the whole splice with 4 layers of tape half-lapped and extending 13 cm beyond
the built-up area.

Figure 14-3. Taped splice — typical (refer to the manufacturers' instructions)
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14.12.130vertherubbertape,addseverallayersofhigh-insulationresistance,flame-retardant,weather-resistant
andcold-resistanttape.Applytheplastictapewithappreciabletensionandoverlappingeachturnbyapproximately
50 percentof itswidth.Theplastictapeshouldextendfor3cmormorealongthesurfaceoftheinsulationofthesheath
oneachsideofthesplice.

14.12.14lIfthecablehasasteel-armourorothermetalliccover,connectalengthofgroundingbraidacrossthe
spliceandfastenittothearmouronthecablewithsuitableclampconnectorsand/orsolderoneachsideofthesplices
(Figure14-4(a)refers).lfthecableisleadencased,makeasuitablewiped-leadjointoverthesplicetoprovidea
waterproofsealtotheleadcoveringonthecable.lfthemetalcoveringisprotectedfromcorrosionbyacoating,applya
coating of similar material over the entire surface of the cable and splice in the area of this work.

14.12.15Cablesplicingisbestdoneusingcommerciallyavailablesplicingkitscontainingbuttspliceconnectorsand
epoxypottingcompounds.Thesehelpprovideawaterproofandmechanicallystrongsplice.Armouredcablesare
difficulttospliceifthemechanicalstrengthistobemaintained;specialmechanicalconnectionsneedtobefabricated
which will grip the armour firmly.

Vinyl plastic tape anchor for braid Rubber insu'l?tion tépe Metal armour

Electrical ground braid

(a) CONNECTING ARMOUR ACROSS THE SPLICE

NN

Weather resistant plastic tape

(4 layers - half-lapped with liquid electrical coating applied)

(b) OUTER COVER OF THE SPLICE

Figure 14-4. Taped splice for metal-armoured cable
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14.13CONNECTOR KITS FOR AERODROME LIGHTING

14.13.1Useofconnectorkits. In recent years most series-circuit connections have been made using connectorkits.
Althoughthecostofconnectorkitsissignificant,thetimesavedininstallationandtheeasewithwhichcircuitscanbe
openedandreclosedwhenlocatingfaultshavemadetheirusedesirable.Sincetheleadsofmostisolatingtransformers
arenowmanufacturedwithconnectors,cableconnectorsarerequiredandprovideaneasymeansofconnectingor
disconnectingthetransformerintotheseriescircuitandtothelight.Single-conductorprimaryconnectorsandtwo-
conductor secondary connectors are shown in Figure 14-5 and Figure 14-6.

Installation of connectors

14.13.2Thecableendsshouldbepreparedcarefullyinaccordancewiththeinstructionskeepingboththecable
endsandtheconnectorsurfacesfreeofdirtandmoisture.Makecertainthatanycavitiesbetweenthecableandinterior
oftheconnectorarefilledwiththegelprovidedtopreventvoids.Afterjoiningtheconnectorsensurethatairisnot
trappedwhichmaytendtoforcetheconnectionapart. Tapingoverthejointwithvinylelectrictapetokeepthearea
cleanandfromseparatingissuggested.

14.13.3Figurel4-7illustratestheuseofprimaryconnectorsandfieldsplices.Althoughthemodifiedmethod(b)

increasestheinitialcostoflabourforinstallation,itisrecommendedlaterreductionofmaintenancecosts. Theuseof
factory-moulded connectors and slices is preferred over that of field assembled connectors as shown in (a).

14.14CONNECTIONOFCONDUCTORS

Power conductors

14.14.1Connections of cable conductors should bemadeusingcrimpconnectorsutilizingacrimpingtooldesigned
tomakeacompletecrimpbeforethetoolcanberemoved.Split-boltconnectorsmaybeusedforlow-voltagecircuitsof
600 volts or less.

Control and telephone cables
14.14.2Joiningoftelephoneorcontrolconductorsshouldbedonewithatwistedandsolderedspliceoran
appropriateself-stripping,pre-insulatedconnectorinstalledwiththespecifictooldesignedtocrimptheconnector.
Colour-codingoftheconductorsshouldbefollowedthroughouttheinstallation.

Cable armour and shields
14.14.3Armourshieldsshouldbeelectricallybondedacrossthesplicebycleaningandsoldering.Usesectionsof

metalbraidandconductingtape,ifneeded.Armourandshieldingshouldbecompletelyinsulatedfromeachotherand
fromtheground,exceptasnotedin13.5.6.

Issue 6, Rev. 3 Dated Oct., 2020 Page 226



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

Molded on cable Plug Style 2
Receptacle —— Style 9

— "T" — Siyle 2/9
Unscreened cable Style 3

/ Plug

Field assembled kit L Receptacle — Style 10

Screened cable
\ Plug Style3 —— *—

Receptacle — Style 10 _&

Figure 14-5. Primary connectors
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2 Individual wires Plug
Field assembled kit Receptacle Style 11-
2 Core cable Plug
Receptacle Style 12
2 Individual wires Plug Style 6
Molded on cable Plug Style 1
\ 2 Core cable Receptacle Style 7
— Receptacle Style8 —

Figure 14-6.

Secondary connectors
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Field assembled kit q

o Field assembled kit

\

/

\

11

<

(a) STANDARD

AGL transformer
Field splice Field splice
Moulded connector |9 o Moulded connector  /
;

13 ==

(b) MODIFIED

Figure 14-7. Primary connections with field splices
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Chapterl5

ACCEPTANCEANDMAINTENANCETESTING

15.1APPLICATION
The test procedures described in this section apply to theacceptancetestsofnewinstallationsandshouldbeperformed
before making the system operational.
15.2GUARANTEE PERIOD
Dampordirtycableconnectorsandcabledamageduetofaultyinstallationpracticesoftenfailseveralmonthsafter
installation.Eachinstallationcontractshouldincludeaguaranteeclausespecifyingaperiodofatleastoneyearduring
whichtheinstallingcontractorcanbeheldresponsibleforrepairingandreplacingallcablesandequipmentfailures
resulting from poor work or defective materials and equipment.
15.3INSPECTIONPROCEDURES

15.3.1Visualexamination. Themostimportantofallinspectionandtestproceduresarethoroughvisual
inspections.Visualinspectionsshouldbemadefrequentlyduringinstallation,atcompletionofinstallation,andbefore
energizingthecircuits.Acarefulvisualinspectionwillrevealdefectsthatcanbecorrectedpriortoacceptancetestsand
energization.Seriousdamagemayoccurifdefectsaresubjectedtoelectricaltestsorenergization.Visualinspections
shouldincludeinspectionappraisalof:

a)correctness of external connections;

b)good work performance;

c)cleanliness;

d)safety hazards; and

e)specificrequirementsforindividualitems.

15.3.2Allequipmentmanufacturedunderspecificationsshouldpassstrictfactorytestspriortoshipment,butit
should be visually inspected for shipping damage immediately upon receipt.

15.4CABLE, CONNECTORS AND ISOLATING TRANSFORMER INSPECTION

Theprimaryandsecondarycableleadsofthetransformersshouldbesuppliedwithfactory-installedmoulded
connectors.Visualinspectionoftheseitemsduringinstallationisespeciallyimportant,asminorcuts,bruisesor
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mishandling may result in aprogressive deterioration,whichwill eventually cause complete failure but not untilsometime
afteracceptancetests.During installation, these items should be inspected to determine the following:

15-1
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a)that the mating surfaces of moulded connectors are clean anddrywhenpluggedtogether.lfcleanand
dryinside,thesehigh-voltageconnectorswithtapingformaconnectionequalto,orsuperiorto,a
conventionalhigh-voltagesplice.Conversely,iftheyarewetordirtyinside,noamountoftapingcan
produceasatisfactoryconnection. Twoorthreeturnsoftapearerecommendedtoholdtheconnector
togetherandkeepthepartinglinesclean.Cleanlinessofmatingsurfacescanbestbeensuredby
keepingthefactory-installedcapsinplaceuntilthefinalconnectionismade. Thematingsurfacesof
uncappedconnectorsshouldnotbelaiddown,touched,orbreathedupon. Ifitisnecessarytobreaka
connection,theconnectorsshouldbeimmediatelycapped;

b)thattheconnectorsarecompletelypluggedtogether.Afterinitialplugging,trappedairpressuremay
partiallydisengagetheplugandreceptacle.lfthishappens,waitafewsecondsandpushthem
togetheragain. Apply two or three turns of tape to hold them in place;

c)thatthecableshavenotbeencutbyshovels,kinked,crushedbyvehiclewheels,bruisedbyrocks,or
damaged in any way during handling and installation;

d)thatthecablesareburiedtothespecifieddepthbelowfinishedgradeandallotherdetailed
requirements of the installation specification are accomplished;

e)that the cables do not directly cross each other and are separated by the required distances;

fithatscreenedmaterialhasbeenplacedunderandoverthecables,andthatrocksorpebblesdonot
contactthecables;and

g)thatthecableshavenotbeenbentsharplywheretheyenter(orleave)aconduitandaresupported
properly by tamped ground, so future settling cannot cause sharp bends.

15.5CONSTANT CURRENT REGULATOR INSPECTION

Eachconstantcurrentregulatorshouldbeinspectedtoensurethatporcelainbushingshavenotbeencracked,no
shippingdamagehasoccurred,connectionsarecorrect,switchesandrelaysoperatefreelyandarenottiedorblocked,
fuses(ifrequired)arecorrectandthattheoillevelofoil-filledregulatorsiscorrect.Onlyrelaypanelcoversshouldbe
removedforthisinspection.ltisnotnecessarytoopenthemaintankofoil-filledregulators.Informationontheregulator
inspectionplatemustbefollowed.Allcoversshouldbecleanedandtightlyreplacedafterinspectionandtestsare
completed.

15.6LIGHT FIXTURE AND BEACON INSPECTION
Aninspectionshouldbemadetodeterminethatthecolour,quantityandlocationsoflightsareinaccordancewiththe

installation drawings.Eachlightshouldbeinspectedtodeterminethatitisoperable,thatglassisnotbrokenorcracked,
that correct lamps are installed and that it has been properlylevelled and aimed.

15.7INSPECTION OF MISCELLANEOUS COMPONENTS

Componentssuchascontrolpanels,relaycabinets,panelboards,etc.,shouldbevisuallyinspectedfordamage,correct
connections, proper fuse and circuit-breaker ratings, and compliance with the installation drawings.
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15.8SYSTEM OPERATION TEST

Aftercomponentsandcircuitshavebeeninspected,asindicatedintheprecedingparagraphs,theentire systemshould
be tested as follows:

a)eachswitchofthelightingpanelsinthecontroltowershouldbeoperatedsothateachswitchposition
isreachedatleasttwice.Duringthisprocess,alllightsandvaultequipmentshouldbeobservedto
determine that each switch properly controls the corresponding circuit;

b)theabovetestshouldberepeatedusingthepanelsinthealternatecontrolstation(vault)andthen
repeated again using the local control switches on the regulators; and

c)eachlightingcircuitshouldbetestedbyoperatingitcontinuouslyatmaximumintensityforatleastsix
hours.Visualinspectionshouldbemadeatthebeginningandattheendofthistesttodeterminethat
thecorrectnumberoflightsareoperatingatfullintensity. Dimmingofsomeorallofthelightsina
circuitisanindicationofgroundfaults.Inaddition,thelamp-terminalvoltageshouldbemeasuredon
atleastonelightineachmultiplecircuit,todeterminethatitiswithint5percentoftheratedlamp
voltage as marked on the lamp.

15.9ELECTRICAL TESTS OF SERIES-CIRCUIT EQUIPMENT

15.9.1Electricaltestsarehelpfulindeterminingthatthequalityoftheinstallationisacceptableandthatthe
performancewillmeettheoperationalrequirements.Someofthetestsinvolvetheuseandmeasurementsofhigh-
voltagecircuits.Thesetestsshouldbeperformedonlybyqualifiedpersonswhoarefamiliarwithhigh-voltageelectrical
equipment and the safety precautions which must be observed.

Electricaltestsoncable

15.9.2Cablesdirectlyburiedinearth(thatis,notinducts)shouldbetestedbeforeandafterthetrenchis
backfilled. Each underground circuit shall be tested as follows.

15.9.3Each series circuit shouldbe tested for continuity byohmmeter orequivalent method.The resistance of the
circuittogroundshouldthenbecheckedwithasuitabletestsettomakesureitisfreeofgrounds.Anyfaultsindicated
by these tests should be located and repaired before proceeding with high-voltage tests.

15.9.4Beforeundertakinganywork,thecontractorshouldconductinsulationresistancetestsonallcircuitswith
whichtherewillbeaninvolvement,includingothercircuitswithinaduct,manholeortransformerhousing,soasto
establishapriorcondition. Thetestsshouldberepeatedaftertheworkisconcludedtoconfirmnoadversechangehas
occurred.Thecontractormayalsoberequiredtodoinsulationresistancetestsoninstalledcircuitsduringthewarranty
period.

15.9.5Eachnewlyinstalledseriescircuitshouldbesubjectedtohigh-voltageteststodeterminecomplete
freedomfromgroundfaults.Wheneverpossible,thesetestsshouldbeperformedwhenthegroundisthoroughlywet
becauseexperiencehasshownthatcircuitswhichpassinsulationresistancetestsduringdryweathermayfailaftera
heavyrain. Each circuit, including connected transformers, should be tested as follows:

a)Atthevault,disconnectbothleadsfromtheregulatoroutputterminals.Supportbothleadssothatair
gapsofseveralinchesexistbetweenbareconductorsandground.Makesurethatthecablesheathis
cleananddryforadistanceofatleast30 cmfromtheendofthecable.Alsomakesurethatexposed
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insulationateachendofthecableiscleananddry.
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b)Testeachcircuitimmediatelyafterinstallationaccordingtothe"Firsttestfornewcircuits”valuesin
Tablel5-1.Test any circuit installed for sixty days or more,evenif it has not been operated, according
tothe"Succeedingtestsandoldcircuits”values.

c)Connectboth conductorsandapplythetestvoltageindicatedbelowforaperiodofSminutesbetween
conductorsandground.

d)Whenadditionsaremadetooldcircuits,testonlythenewsectionsaccordingtothe"Firsttestonnew
circuits”values. Test the complete circuit at the reduced voltages to ensure reliable operation.

e)Themaximumacceptableleakagecurrent,inmicroamperes,shouldnotexceedthevaluescalculated
in15.9.8.

Table 15-1.Insulation resistance test values for field circuits

FirsttestonSucceedingtests
newcircuitsandoldcircuits

Approachlighting(5kVcircuits)9000volts5000volts

Touchdown zone and centreline lighting (5 kV circuits)9000volts5000vplts

HI runway edge light circuits, (5 kV circuits)9000volts5000volts

MI runway and taxiway (5 kV circuits)6000volts3000volts

600voltcircuits1800volts600volts

HI — High intensityMI-Mediumintensity

15.9.6 ThetestsfromTable15-1shouldbeperformedwithasuitablehigh-voltagetesterwhichhasasteady,
filteredDCoutputvoltage. Thehigh-voltagetestershouldcontainanaccuratevoltmeterandmicroammeterforreading
thevoltageappliedtothecircuitandtheinsulationleakagecurrent.

15.9.7The tests should be supervised carefully by qualifiedpersonnel to ascertain that excessivevoltagesarenot
applied.

15.9.8Duringthelastminuteofthehigh-voltageteststheinsulationleakagecurrentinmicroamperesforeach
complete circuit should be measured and should not exceed the value calculated for each circuit as follows:

a)allow 2 microamperes for each series transformer;

b)allow 1 microampere foreach 100m of cable (thisvalueincludesallowancesforthenormalnumberof
connectorsandsplices.);and

c)addthevaluesobtainedtodeterminethetotalallowablemicroampereleakageforeachcomplete
circuit.

15.9.9Iftheleakagecurrentexceedsthevaluecalculatedasoutlinedabove,thecircuitshouldbesectionalized
andthetestsrepeatedforeachsection.Defectivecomponentsmustbelocatedandrepaired,orreplaceduntiltheentire
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circuit passes the test.
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15.9.10Makesurethatthevoltagetestspecifiedin15.9.5b)isactuallyappliedtothecircuitatthetimethe
leakagecurrentismeasured.Thevoltageshouldbeadjustedsothevoltmeterreadsthedesiredvaluebeforethe
leakagecurrentisread.Ifanydifficultyisencounteredinobtainingthedesiredvoltage,eitherthecircuitbeingtestedor
the test set is defective and should be corrected before the test is continued.

15.9.110nnewcircuits,aninsulationresistancemeasurementshouldbemadeimmediatelyafterthecircuithas
passedthehigh-voltagetestswiththetestsetusedbyaerodromemaintenance.Thismeasurementreadingthencanbe
usedduringmaintenanceasacomparisonwithfuturereadingstodeterminecircuitconditions.Ambienttemperatures
and weather conditions should be recorded at the time of testing.

SAFETYNOTE: Aftertesting,alwaysleavethecableundertestshortcircuitedforfivetotentimesaslongasthetest
voltagewasapplied. Theenergyabsorbedwhencurrentisappliedisstoredinthedielectricandwillcauseavoltageto
appearacrossthecableafterithasbeendisconnectedfromthehigh-voltagesource,evenifshortcircuitedforatime.

15.10ELECTRICAL TESTS OF OTHER CABLES

Power cables rated 5 000 volts and more

15.10.1Powercablesshouldbetestedasoutlinedusingthemethodsin015.9.5exceptthatcablesratedat5000
voltsshouldbetestedat10000voltsandpowercablesratedabove5000voltsshouldbetestedattwicethecable
voltageratingplus1000volts. Thetestshouldbemadebetweenconductorsandfromconductorstogroundwiththe
cable'sshieldandarmourgroundedandforaperiodofnotlessthanoneminuteafterinstrumentreadingshave
stabilized. Theminimumacceptableresistancevalueis50megohms.Originalinsulationvaluesofthecablehavebeen
substantiallyreducedtothespecified50megohmsinordertocompensateforcablelength,agingofconductor
insulationandotherfactors,whichmayaffecttestresultsbothbeforeandduringinstallation.Unlessthecablelength
shouldappreciablyexceed3000m,noreductioninthespecifiedinsulationresistanceshouldbeconsidered.Atest
should be made for continuity of the cable's shield or armour. An chmmeter type instrument may be used.

Note.—Insulationreadingswillbeerroneousuntilthecablehasbeencompletelychargedbythemeasuringinstrument.

Secondary power cable rated 600 volts and below
15.10.2Secondarypowercablesratedat600voltsandbelowandusedforlightingandpowerwiringshouldhave
aresistanceofnotlessthan50megohmsbetweenconductorsandbetweenconductorsandgroundwhen
measurementsaremadeatnotlessthan500voltsDC.

Control and telephone cable

15.10.3After installation, these cables should comply with the requirements of Table 15-2.
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Tablel5-2.Post-installation requirements on the minimum number of conductors

Minimumnumber
Size cableofacceptableconductors

12pairsorlessAll

Over 12 pairs to 25 pairs, inclusiveAll,exceptonepair

Over25pairsAll, except two pairs

15.10.4Conductorsthatarefoundacceptablehavebeensuccessfullytestedastocontinuity,freedomfromshort
circuitsandaminimumof50megohmsresistancebetweenconductors,andfromeachconductortogroundedshield,
when tested at not less than 500 volts DC.

Coaxialcables

15.10.5Radiofrequencycablesshouldbetestedforinsulationandloopresistancepriortoinstallationandthe
resultsrecorded. Theinsulationtestshouldbemadebetweenthecentreconductorandshieldwitha500-voltDC
instrument. Theloopresistancetestshouldbealsomadeasabovebutwiththecentreconductorsshortedtotheshield
atthefarendofthecable. Thistestmaybemadewithabridge,ohmmeterorothersuitableinstrument.Afterinstallation,
theconductor-to-shieldandconductor-to-groundresistancesshouldexceed50megohmswhenmeasuredat500volts
DC.Loopresistanceshouldbewithinplusorminus10percentofthemeasuredvaluespriortoinstallation,e.g.
measuredresistanceper1000metresofcableonreel,multipliedbyeach1000metresandfractionthereofofinstalled
cable.Shield-to-ground resistance should also be measured and the results recorded.

Coaxialcable,pressurized
15.10.6Upon completion of the cable installation, the following test should be made:

a)Electricaltest.Ahigh-voltageinsulationtesterwithmicroammetercurrent-leakagemetershouldbe
used and3 000 voltDCappliedbetween theinnerandouterconductorsforaminimumperiodofthree
minutes.Whilethisvoltageisappliednonoticeablecurrentshouldflowbetweentheconductorsafter
charging current has stabilized.

b)Nitrogengastest.Nitrogengasatthespecifiedpressureshouldbeappliedtothecable,thegasvalve
closed,andambienttemperaturerecorded.Sixsuccessive,hourlymeasurementsofpressureshould
betakenandrecorded.Afterthesixthmeasurementistakenandafteratimeintervalofabout24
hours,aseventhmeasurementshouldbemade.lfvariationsingaspressurearedueonlytochanges
inambienttemperature,thelengthofcableisacceptable.Atemperaturecorrectionfactorof0.017per
degreeCelsiusshouldbeused.

15.11ELECTRICAL TESTS OF REGULATORS

15.11.1The supply voltage and the input tap of the regulator should be checked to see that they correspond.
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15.11.2Withtheloaddisconnected,energizetheregulatoronce,andwatchtheopencircuitprotectortoseethatit
de-energizes the regulator within 2 or 3 seconds:

a)Connect the load circuit after ithasbeenchecked foropensandground,asrequiredinChapter8,and
inspected to see that all transformers are properly lamped.

b)Obtainavoltmeterandanammeterwithanerrorofnotmorethan+1percentoffullscaleand
simultaneouslymeasureinputvoltageandoutputcurrent(connecttheammetertotheterminalsofan
isolating transformer inserted into the output circuit of the regulator) for each intensity setting tap.

c)Use a recording voltmeter or take readings during bothdayand night at sufficientintervals to obtainan
averagesupplyvoltage.

d)If the regulatorhas inputvoltage taps, selectthetapwhichmostnearlycorrespondstoaveragesupply
voltage. Theoutputcurrentfor eachintensitysettingtapshouldbewithint2percentofthenameplate
values after any necessary supply voltage correction is made.

15.11.3Inallcurrentregulatorswhichhaveinputvoltagetaps,theoutputcurrentwillvaryinproportiontoinput
voltagechanges.Ifasupplyvoltageof2350voltsisappliedtothe2400volttap,theoutputcurrentvaluesshouldbe
2 per cent below the nameplate values.

15.11.4Regulatorswhichhaveautomaticsupplyvoltagecorrectioninlieuofinputtapsdonotchangetheoutput
current as the supply voltage varies:

a)lfthe outputcurrentonfullintensitydeviatesfromthenameplatevaluebymorethan2percent(andif
theregulatorisnotoverloaded),theinternaladjustmentshouldbechecked,asdescribedonthe
regulatorinstructionplate. Since the adjustment may be delicate, it is recommended that adeviation of
+5 per cent be allowed on lower settings before attemptingto re-adjust the regulator.

b)Furthermore, a check shouldbe made to seewhethertheadjustmenthadbeenchangedpurposelyfor
anunusuallocalflightoperationalrequirement.

15.12ELECTRICAL TESTS OF OTHER EQUIPMENT

Measuretheinputandoutputvoltagesandcurrentsanddeterminetheloadsoftheconnectedcircuits.Checkto
determineifthesevoltagesandloadsarewithinthemanufacturer'sratingoftheequipment.Recordthese
measurementsforfuturereferenceduringmaintenanceorformodificationofthecircuit.

15.13TESTS OF MONITORING SYSTEM

Afterthetestslistedabovehavebeencompletedandthelightingisfunctioningasdesigned,themonitoringsystems
shouldbetestedbysimulatingsuchfailuresasopencircuits,shortcircuits,grounds, failureoflights,lossofpowerin
boththelightingcircuitsandthecontrolcircuits,andobservingtheperformanceofthemonitor.Inabilitytodetectfailures
should be rectified before the overall system is accepted.
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Chapterl6

TROUBLESHOOTINGPROCEDURES

16.1GENERAL

This chapter contains generaltroubleshootingproceduresforisolatingafaultinall typesofairportserieslightingcircuits.
TwoproceduresareactualtestsforwhenyouhavetheCCRenergized.The finaltwodescribetestmethodsusingsome
specificequipment.

16.2SAFETY

16.2.1Considerationsofsafetyareofprimaryimportanceforworkingonairfieldlighting,especiallyoftheseries-
circuit type:

a)Troubleshootingtestscontainedinthischaptermayinvolvevoltagesthataredangerous.Safety
precautions must be exercised for the protection of personnel and property.

b)Personnelperformingthetestingandtroubleshootingproceduresmustbeexperiencedinhigh-voltage
techniquesandmustbeadequatelysupervised.Allmaintenancepersonnelshouldbethoroughly
trainedinemergencyproceduresfortreatmentofelectricalshock.

Note.—Troubleshootingproceduresthatareintendedtobecarriedoutshouldbecheckedforaccordance
with local rules ofsafety.

16.2.2Most airport visualaidequipment is exposedtoweatherandmaydevelopelectricalshockhazardsthrough
damagefromlightningorelectricalcableinsulationdeteriorationfromexposure.Beginmaintenanceproceduresonly
afteravisualinspectionismadeforpossiblehazards.Duetothehazardsassociatedwithlightning,lightednavigational
aidsshouldnotbeservicedduringperiodsoflocalthunderstormactivity.Eachairportshoulddevelopandimple ment
procedurestobefollowedintheeventofanaccident.Precioussecondsaresavedrenderingmedicalassistanceto
injured personnel when action plans are already in place. Rehearse and review action plans regularly.

16.3INITIAL FAULT INVESTIGATION
16.3.1Series circuits are subject to two primary types of malfunctions, shorts to ground or opens:

a)Keepinmindthatanairfieldlightingseriescircuitpoweredbyaconstantcurrentregulatorisan
ungroundedsystem.Therefore,thecircuitand CCRwillfunctionnormallywithonegroundonthe
circuit.

b)ltisonlywhentwoor moregroundsappearanda“shortcircuit’pathiscreatedthatthecurrentbegins
toflowthroughtheearth,aroundthelightingload,andasectionoflightsappearsout.Inthecaseof
an open in the primary field circuit, no current can flow and the entire circuit goes out.
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Figure 16-1. Dangerous isolation transformericircuit ground faults

16.3.2Inadditiontofaultsinthecircuit,theremaybeashortingfailureacrossthewindingsoftheAGL
transformer.Rememberthateven thoughthesetransformersareoftenreferredtoasisolationtransformers,theyarenot
intendedtoprovideisolationforpersonnelprotection.Ashortedtransformermaynotcauseacircuitmalfunctionand
could remain unnoticed in normal operation with a primary voltage on the secondary side.

16.3.3Thisconditionofashortedtransformerisespeciallydangerouswhenworkingwithinsetlightsand
removingthemfromthelightbasewhilstthecircuitisenergized.Assoonasthefixtureisunboltedandliftedfromthe
base,theelectricianbecomesalow-resistancepathtoground. Thedesignshouldincludeagroundjumper,asshownin
Figurel16-1whichalleviatesthishazardbyconnectingthebottomofthelightfixturetothegroundlugontheinsideof
thebase.lIfthelightfixtureisliftedfreeofthebase,asshowninFigure16-1(b),thejumpercontinuesthegrounding.
However,youcannotknowifthewireistrulyconnecteduntilyouremovethefixture,atwhichtimeitistoolate.Also
notethatifanelevatedlightfixtureisbrokenoffitsmounting,yetstillconnected,asshowninFigure16-1(a),the
protectionisnotavailableifthefixtureispickedup.Always wear insulated gloves.

16.3.4Groundingoneendofthesecondarywindingsubstantiallyreducesthehazardforelevatedlightsthatare

broken and free of their mountingbutagain thisisdependent uponwhetherthegroundingistrulyconnected. It is bestto
remainonthesideofcautionandde-energizethecircuitbeforere-lampingorremovingthefixture.Similarly,oneshould

not pick up knocked-over elevated fixtures when the circuit is energized.
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16.3.5Constantcurrentregulatorslargerthan10kWarerequiredtohaveopencircuitprotectionthatwillshutthe
CCRdownwithintwosecondsaftercurrentflowhasbeeninterrupted. Mostmanufacturers,however,providethis
protectiononalltheirCCRs.Whenindoubt,checkyourCCR’soperatingmanual.Opencircuitscanexistinconjunction
withgroundsandiftheCCRcandevelopenoughvoltagetoovercomewhateverresistanceexistsinthecircuit, itwill
establish current flow and continue operating.

16.3.6lnmostinstances,welearnofamalfunctioninglightingcircuitfromareportmadebythecontroltoweror
throughanoperationsreport. Sometimesitisnoticedbyanelectricianmakingaroutinedailyrunwayinspectionorlight
check.Either way, the observation is that of a section of lights out or an entire circuit not functioning:

a) Thefirststepinaninitialfaultinvestigationistomakeaquickvisualinspectionoftheaffectedlighting
ontheairfield. Thiswillprovideinformationastowhetheranentirecircuitisoutorjustaportionofthe
lightingonaspecificcircuitisaffected. Thisgivesanelectricianagoodideaastothepossiblecause
ofthemalfunction.

b)Ifanentirecircuitisout,theproblemcouldbeanopencircuitinthefieldwiringoramalfunctioning
CCR.Ifonlyaportionofthelightsonacircuitisout,theproblemismostlikelyduetoashortto
groundateachendoftheaffectedsection.Keepinmindthatifthemalfunctionisduetoashortto
groundinthefieldcircuit,thelongerthecircuitremainsenergized,themoredamagewillresultatthe
locationofthegroundfaultsduetoarcing.

16.3.7Inthevault,oncetheexactmalfunctioningcircuithasbeendetermined,theregulatorsupplyingthecircuit

can be located.Turn the regulator localcontrol tothe“OFF”positionand shutdownandlockoutthepowersupplytothe
regulator.Ifacut-outispresent,disconnectthecut-outandseparatethebladesofthecut-outswitchonthefieldsideof
theswitch.Thiswillallowyoutocheckboththecontinuityandinsulationresistanceinthefieldcircuit. Afterseparating
theendsofthefieldcircuitordisconnectingatleastoneendofthefieldcircuitromtheregulator,preparetotakea
measurement for continuity in the circuit.

16.3.8Theregulatormaybeprovidedwithaloaddisconnectandtest(LDT)isolator.Replacingthe"Circuitin
service"platewiththe"Circuitintest"platewillcausetheoutputterminalsoftheregulatortobeshortcircuitedand
disconnectedfromthefieldcircuit.

16.3.9Ifusingavolt-ohm-milliammeter(VOM),thefirststepistosetthemetertotheRx1scaleand“zero’the
meter(ifusingadigitalmultimeter(DMM),thesestepsarenotnecessary).Thisisaccomplishedbysettingthemeterto
thedesiredscale(Rxlinthiscase)andtouchingthetwometerleadstogether.Makesuretheleadsarepluggedinto
thecorrectsocketsinthemeter(onmostVOMs,thisisthe+andcommonsockets)andadjustthe“zeroohms”knob
untilthemeterneedleisatthezeropoint(usuallyontherightsideofthemeterscale).Afterthisadjustmenthasbeen
made,takeareadingoftheresistanceinthefieldcircuitbycheckingbetweenthetwoseparatedconductorsofthefield
circuit.

a)lfnocontinuitycanbereadinthecircuit,checkforashorttogroundineachsideofthecircuitand
thenproceedtosection16-5Locatingopencircuitfaults.

b)Ifthecircuitshowscontinuity(ameasurableamountofresistance),normallybetween20to70ohms,
thecircuitisnotopen.

c)lfamuchhigherresistanceismeasured(1000ohms+),thenahighresistanceopencircuitfaulthas
occurred.Manytimesthisisindicativeofatransformerwithafaultyprimarywindingthathasnot
completelyburnedopenyet.ltcouldalsobeduetoacutcablewhichhasbothendsincontactwith
theearth.

Issue 6, Rev. 3 Dated Oct., 2020 Page 243



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

16.3.10Iftheresistanceintheloopcircuitisnormal,proceedtochecktheresistancetogroundfromeachendof
thecircuittoground.

a)lfanyresistancecanbereadtogroundwiththemetersetatRx1,thenoneormorelowresistance
shorts to ground exist and troubleshooting procedures are moved to the field.

b)lfthemeterreadsnocontinuity(nometermovement)whenthecircuitischeckedtoground,setthe
meterfortheRx100andRx10000scalesrespectivelyand,afterzeroingthemeter,checkfora
shorttogroundonthesetwoscales.Rememberthatthepositive(red)leadshouldalwaysbe
connectedtothecircuitorconductorundertestandthenegative(black)leadshouldbeconnectedto
ground. Alsobeawarethat on the Rx10000scale,merelytouchingthemeterleadswithyourfingers
willproduceareading.Mostgroundfaultsseriousenoughtocausethelightstogooutwillbereading
lessthan1000ohmstoground,usuallylessthan100ohmstogroundandwillbeeasilyindicatedon
theRx1scale.

c¢)lIfnogroundfaultisdetectedonthecircuitwiththeVOMorDMM,useaninsulationresistancetester
totestthecircuit.Insulationresistancetestersoperateatmuchhighervoltages,500to5000volts,
and are more useful in locating a high resistance ground fault.

16.3.11Ifnoproblemsaredetectedinthefieldcircuit,thenextstepistotrytoenergizethe CCRusingthemanual
controlonthefrontoftheCCR:

a)Afterreconnectingthe fieldcircuittothe CCR,orreinstallingthecut-outandturningtheprimarypower
backontotheregulator,beginbyputtingtheswitchinthesteplpositionandnoteiftheCCRcomes
on.

b)Iftheregulatordoesnotcomeon,theproblemmaybeassimpleasatrippedbreakerorblownfuse
andyoushouldproceedtocheckforproperinputvoltagetotheCCR.

c¢)lftheCCRenergizesforabout2secondsandthenshutsoff,thefaultislikelyamalfunctionofthe
opencircuitorover-currentprotectioncircuitryintheCCR.

d)Ifthefieldcircuitappearsnormal,disconnectandlockouttheprimarypowersourcetothe CCR,
performashortcircuittestbyshortingtheoutputoftheregulatorwithawireofsufficientampacity
(e.g. 6mm20r#10AWG),andtesttheoperationoftheregulatoragain.

e)lftheregulatorstillshutsoffafterafewseconds,thereisaninternalproblemwiththeregulatororits
controls.Consulttheoperationandmaintenancemanualforthe CCRforspecifictroubleshooting
instructions.

16.3.12IftheCCRremainsonandappearstobeoperatingnormallyonthelowestbrightnesssetting,continue
switchingthe CCRupthroughthebrightnessstepswhilenotingtheincreaseincurrentoutputonthemeteruntilthe
maximumbrightnessisreached,eitherstep3orstep5dependingonthestyleoftheregulator.Iftheregulatorhasa
normaloutputonthelowersteps,buttheoutputislowonthehigheststep,theregulatormaybeoverloadedorthere
may be too much inductance in the field circuit.

16.3.13Performashortcircuittestoftheregulatorbyturningtheregulatoroffanddisconnectingandlockingout
theprimarypowertothereguIator.Thenconnecta6mm2(#lOAWG)Wireacrosstheoutputandre-energizethe

regulator. If the regulator operates normallywith the output shorted, thiswouldindicate an overloadispresentinthefield
circuit.Iftherehavebeennoadditionalloadsaddedtothefieldcircuit,checkforburntoutlampsorotherwiseopen
secondaryconnectionsonthefieldtransformers.Newerregulatorsarerequiredtowithstandupto30percentopen
circuitedAGLtransformers.Olderregulatorsmayonlytolerate10percent.Whenalargenumberofopencircuited

Issue 6, Rev. 3 Dated Oct., 2020 Page 244



Ministry of Civil Aviation EAC 139-13
Egyptian Civil Aviation Authority

transformersexistontheoutputofaregulator,itincreasestheinductiveloadingontheregulatorandwillcausethe
regulatortoactabnormallyandmanytimesappearoverloaded.Onecauseofthisconditionmaybealightningstrike
that has blown out a large number of lamps in the circuit.

16.4LOCATING GROUND FAULTS IN THE FIELD

16.4.10nceithasbeenestablishedthatthecircuitisshortedtoground,thetroubleshootingprocedurescanbe
movedtothefield. Keepinmindthatifthereisasectionoflightsoutonthecircuit,therewil ALWAY Sbeatleasttwo
shorts or ground faults in the circuit.

Note.—Thedescriptionissimplifiedtoalightingsystemhavingonlyonecircuit.lfthesystemis
interleaved with two circuits, the malfunction section will have every second light out or dimmed.

a)Atthistimethecircuitmaybeenergizedandavisualinspectioncanbemadetotrytolocatethe
faults.Ifthecircuitisasimpleloopconfiguration,avisualinspectioncansometimesbeaneffective
meanstofindtheproblem.

b)ltis besttohavesomeoneatthevaultwitharadiosothatassoonasthegoodtobadtransitionareas
inthecircuitarelocated,wordcanbesenttothevaulttoshutofftheregulatorandlockitoutsothat
repairscanbemade.

c)Drivealongthecircuitlookingforanysectionoflightsthatareoutorappeartobeextremelydimand
markthisareabyputtingasurveyor'sflagorapaintmarkatthelocationsofthelastlightburningand
thefirstlightout,asshowninFigure16-2.Afterthecircuithasbeende-energizedandlocked-out,
check the lights at each end of these “transition areas” for burned transformers, connectors, etc.

d)Alwaysrememberthattherewillbeatleasttwoshortsinthecircuitandbothmustberepaired.In
someinstances,especiallyinthecaseofdirect-buriedcablesorwhenthecircuithasbeenenergized
foralongperiodoftimewhilegroundfaultsarepresent,morethantwoshortstogroundmayhave
occurred.

16.4.2Thebestmethodforfindinggroundfaultsaftertheinitialvisualinspectionhasbeenmadeistolocatethem
usingtheVOM.

a)Leavetheendsofthecircuitseparatedatthevaultandsuspendtheendsofthecablesinfreeairif
disconnectedfromthecut-outorotherconnection.

b)Refer to as-built plans if available to locate the centreof thecircuit and break the circuitat that pointby
disconnectingthecableatonesideofthetransformer(Figure16-3refers).

c)Takeareadingtogroundinbothdirectionsfromthispointanddeterminewhichwaythefaultis
located.ltisentirelypossiblethatthemetermayindicateafaultinbothdirectionsfromthispointor
only in one direction as there may be two or more faults in the same section of cable.

d)Leavingthisconnectionopen(ifpossible),proceedtoapointinthecircuitapproximatelyhalfway
betweenthemidpointandthevaultinthedirectionofthefaultandbreakthecircuitagain.Asbefore,
takeareadingonthecircuitineachdirectiontodeterminethelocationofthefault. Continue untileach
faultislocatedandcorrected.
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Figure 16-2. Typical ground faults
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Figure 16-3. Locating ground faults with the VOM

16.4.3Duringthecourseoftroubleshooting,whenyouremoveatransformerfromthebaseorthegroundifdirect
buried,youmayfindthatthefaultseemstodisappear.Whenthishappensthefaultislocatedatthattransformer;
normallyyoucanvisuallyseetheburnedtransformer.However,inthecaseofaninternalprimarytosecondaryshortin
thetransformer,theremaynotbeanythingreadilyapparent.Lookatthefixtureattachedtothetransformerandcheckto
seeifthesocketorsecondaryplugisburned. Thisisusuallyagoodsignofaprimarytosecondaryshort.Ashortofthis
naturecanbeconfirmedbytouchingoneleadoftheVOMtooneoftheprimaryleadsofthetransformerandtouching
theothertooneofthesocketsonthesecondaryconnector.lfthetransformerisshorted,continuitywillbeindicatedon
themeter.Sometimescheckingbetweenoneoftheprimaryconnectorsandtheoutsidebodyofthetransformerwill
indicateatransformerwithasignificantleaktoground. Thiscanbeperformedwithaninsulationresistancetesterfor
betterresults.Ifcheckingtheinsulationintegrityoftransformers,youcanalsosubmergethetransformerinabucketof
waterandconnectthepositiveleadoftheresistancetestertooneoftheprimaryleadsandthenegativeleadtoabare
wiredroppedintothebucket.Ifanyleakageisshown,thetransformerissuspectorbaddependingonthereading.
Reasonably new transformers should read over 1 000 megohms, with readings decreasing with age (see Figure 16-4).
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(c) Insulation resistance tester reads continuity. Ground fault is between the two break points.

Figure 16-4. Alternative method using VOM or insulation resistance tester

16.5LOCATING OPEN CIRCUIT FAULTS

16.5.10pencircuitscanbesuccessfullylocatedusingsimilartacticsasthoseusedforlocatingshortcircuitsor
groundfaults.Ifthecircuitappearstobegroundedinconjunctionwithanopen,thetroubleshootingprocedureusedfor
findinggroundfaultsmaybeusedsincetheopenandgroundwilllikelybelocatedatthesameplace.Manytimesa
cablewillburnintwoifleftoperatingafterashorttogroundhasdeveloped. Iftheinitialfaultinvestigationhasrevealed
anopeninthefieldcircuitandthecircuitdoesnotappeartobegrounded,de-energizetheregulatorandlockoutthe
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regulator power supply and proceed to the field and locate the approximate centre of the circuit.

TIP:Whenanopencircuitisindicated,itismorethanlikelytobelocatedwherethereisrecent
excavationactivity.

16.5.2Forthistypeoftroubleshootingwhereyouarelookingforcontinuity,itishelpfultohavetheendsofthe
circuitconnectedtogetheratthevaultviathecut-outorsomeothermeansasshowninFigure16-5. Thatway,whenthe
problem is corrected, it can be verified by being able to read a loop from any point in thecircuit.
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a)Proceedtotheapproximatemidpointofthecircuitanddisconnectthecircuitatthetransformerand
groundthecircuitinbothdirections.Checkforcontinuitytogroundatanotherpointinthecircuitby
disconnectingthetransformer.

b)Ifthecircuitisconnectedtogetheratthevaultandyouhaveonlyoneopeninthecircuit,youshould
read continuity in one direction but not the other back to the grounded midpoint of the circuit.

¢)When the groundedconductoris identified,havesomeoneat themidpointconnection makeandbreak
theconnectiontogroundinonedirectionandthentheotheruntilyouhaveestablishedwhichsection
ofthecircuitisopen.

d)Thenproceedtoapointhalfwaybetweenyourpresentlocationandthegroundedmidpointinthe
sectionofthecablethatisopenandtakeanotherreading.|fthistimeyoucanreadtogroundinthe
directionofthemidpointofthecircuit,thenyouknowthattheopenisbehindyouorbetweenyouand
thelastpointyoutested.Bymovingtheintentionalgroundpointandlookingforcontinuityineach
section of the circuit, the open(s) can be quickly located.

16.6INTERCONNECTED CIRCUIT FAULTS

16.6.litiscommonforairfieldswithmultiplecircuitstoexperienceinterconnectingfaults. Therearetwomain

types of interconnecting faults. The first occurswhen two ormore circuits contain groundsand/oropensinamannerthat
electricallyconnectsthecircuitstogether. Thesecondtypeoccurswhentwoormorecircuitsdonotcontainanyfaults
butbecomecapacitivelycoupledtogether.

/ Break in cable causing open circuit

L1 O Oo— /—0O O
Intentional ground

CCR —I at circuit midpoint

L2 O

@)
C
@)

Ends ofcircuit shorted togetheratvault
to make continuous loop for continuity Break circuit at various points andcheck with ohmmetertogroundto
checks look for continuity backtomidpoint

Figure 16-5. Locating open circuit faults
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16.6.2Whenmultiplecircuitscontainfaultsthatconnectthemtogether,asectionofprimarycableiscommonto
allcircuitsinvolved,asshowninFigure 16-6andFigure 16-7.Multiplegroundfaultsarethemostcommoncauseofthis
problem.Acontinuitycheckbetweenthesuspectedcircuitswillconfirmiftheyareelectricallyconnected.To

troubleshoot thiscondition,disconnectand isolatethe output leads ofregulatorB then locatethecircuit faulton regulator
Acircuit. This will usually locate the common fault area of both circuits.

16.6.3Figurel16-7illustrateswhatmayhappenwhentherearetwoload-to-loadshortsonthecircuits.Noticethat
thelightsinthisconditionareaffected,causingtheareabetweenthetwoshortstodimonbothcircuitssincethecurrent
isdivided.lIftheilluminatedlightsonthe Bloadweretogounnoticed,thepresenceofthisconditioncouldeasilybe
confusedwithsymptomsoftwogroundsonasinglecircuit. Thegive-awayistheportionoftheBloadlightsthatareon.
Drivingthecircuitwouldlocatethebright/dimtransitionsandthelocationoftheshorts.Hadtheloadbetweentheshorts
ofloadAbeenmuchlarger(morelights)thantheloadinbetweentheshortsofloadB,thesmallerloadwouldhave
beenbrighter.Intheillustration,theloadsbetweentheshortsareequalandthecurrentisdividedequallybetweenthe
two loads.

L1 O O O O
CCR
{on) Load A

L2 O O——0O O

a'lll P
e o/ o 0 oo

L1 . of
CCR
{off) Load B

L2 o o ® o

This condition can be detected by chmmeter testing between load A and load B.
A hazard exists when working on either load A or B when the other load is energized.

Figure 16-6. Single load-to-load fault
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This condition can be detected by ohmmeter testing between load A and load B.
A hazard exists when working on either load A or B when the other load is energized.

Figure 16-7. Two load-to-load shorts

16.6.4Acapacitivecouplingfaultoccurswhentwoormoreseriescircuitsrunparallelandincloseproximityto
eachother.Thissituationbecomesaproblemifthecircuitshavemonitorsonthembecausetheinducedcurrentscan
simulatefieldfaults.Acontinuitycheckbetweenthesuspectcircuitsconfirmstheyarenotelectricallyconnected
together.Tocorrectacapacitivecouplingfault,simplyswaptheoutputleadsofoneoftheregulatorsinvolved. Thiswill
cancel the capacitive coupling effect.

WARNING

Notel.—Thetroubleshootingmethodsandproceduresoutlinedinthefollowing
paragraphsinvolvedangerousvoltagesandshouldonlybeattemptedbyqualifiedpersonnelusing
appropriatesafetyprocedures.Also,whilesometimeshelpfulornecessary,beawarethatthismethodis
byitsnature “destructivetesting”and, ifperformedindiscriminately,canresultinmoredamageoccurring
inthefieldcircuit.

Note2.—Thefollowingtroubleshootingmethodisbestdescribedas“destructivetesting”.
Thismethodcanbeusedwheneithertimeconstraintsordifficultytestingusinganohmmeteror
insulationresistancetestermakestraditionaltroubleshootingimpractical.Onesuchinstancemightbein
thecaseofdirect-buriedcircuitswheretraditionaltroubleshootingisdifficultandtime-consumingdueto
havingtodigupeachconnectiontoperformthetesting.Anothercasewhenthistypeoftroubleshooting
mightbeconsiderediswhenarunwaycircuitisoutofservice,andtimeisoftheessencedueto
disruptingairtrafficoperationsatthefacility. Thismethoddoesrequirethatthecircuithaveasignificantly
lowresistancetogroundatthepointofthefault,preferablylessthanl 000ohmstoground,thelessthe
better.ltshouldalsobenotedthatsmallregulators(10 kWorless)maynotdevelopsufficientvoltageto
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beeffective.
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16.7INTENTIONAL GROUND TEST

Notel.—WARNING!Thetroubleshootingmethodsandproceduresoutlinedinthefollowingparagraphs
involvedangerousvoltagesandshouldonlybeattemptedbyqualifiedpersonnelusingappropriatesafetyprocedures.
Also,whilesometimeshelpfulornecessary,beawarethatthismethodisbyitsnature “destructivetesting”and, if
performed indiscriminately, can result in more damage occurring in the field circuit.

Note2.— Thefollowingtroubleshootingmethodisbestdescribedas“destructivetesting”.This methodcan
beusedwheneithertimeconstraintsordifficultytestingusinganohmmeterorinsulationresistancetestermakes
traditionaltroubleshootingimpractical.Onesuchinstancemightbeinthecaseofdirect-buriedcircuitswheretraditional
troubleshootingisdifficultandtime-consumingduetohavingtodigupeachconnectiontoperformtesting.Anothercase
whenthistypeoftroubleshootingmightbeconsiderediswhenarunwaycircuitisoutofservice,andtimeisofthe
essenceduetodisruptingairtrafficoperationsatthefacility. Thismethoddoesrequirethatthecircuithavea
significantlylowresistancetogroundatthepointofthefault,preferablylessthan1000ohmstoground,thelessthe
better.It should also be noted that small regulators (10 kWor less) may not develop sufficient voltage to be effective.

16.7.1The intentional ground test is another method used to finda singleground fault, as shown in Schematics (a)
and(b)ofFigure16-8.Ifaninsulationresistancetestindicatesagroundinthecircuit,butavisualinspectionis
inconclusive, this test method will help locate the problem.

a)First, shut off and lock out the regulator. Next, label the two regulator output leads “L1”’and“L2”.

b)Connecta45-wattAGLtransformerandlightfixturebetweenregulatoroutput‘L1”andgroundas
shown in Figure16-8. The ground resistance of thetestconnectionmustbeverysmall. Next,energize
theregulator.Keepawayfromthetestsetup.Ifthetestlampilluminates,thereisatleastoneground
faultonthecircuit. Thebrighterthetestlampglows,thelowertheresistanceofthegroundfault(s).
With the regulator energized, conduct a visual inspection of the circuit.

c)lfthereisasectionofdimoroutlightfixtures,agroundfaultexistsbetweenthelastlightoperating
properly and the first dim or out light.Markthisarea.

d)Ifallthelightsaredimorout,thegroundfaultisbetweenoutput‘L2”andthefirstlightfixtureonthat
sideofthecircuit.

e)lf allthelightsappeartobecorrect,thegroundfaultisbetweenoutput‘L1”andthefirstlightfixtureon
thatsideofthecircuit.

f)De-energizeandlockouttheregulator.Switchthetesttransformer/lightassemblyfromoutput‘L1”to
output‘L2”(Figure16-8refers).Energizetheregulator.Thetestlampshouldilluminate.Conducta
visualinspectionofthecircuit.

g)lfthereisasectionofdimoroutlightfixtures,andthelocationofthe“goodtobad”lightsisinthe
samespotasmarkedinc),thecircuithasasinglegroundfaultatthatlocation.(Thetransitionareais
thesame,butthelightsthatwereoninc)shouldnowbeoffandthelightsthatwereoffinc)should
nowbeon.)De-energizeandlockouttheregulator.Checktheconnectorkits,cablesplices,etc.,
betweenthetwoadjacentlightfixturesofthemarkedareaandrepairorreplacesuspectedfaultsas
necessary.AtthispointaVOMorinsulationresistancetestermaybeusedtoverifyfaulty
transformers,etc.Oncethesinglegroundfaultiscleared,thetestlampwillnotilluminatewhenthe
regulatorisenergized.Remember, stay away from the primary cable while the regulator is on.
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REGULATOR IS ENERGIZED - KEEP AWAY FROM TEST SETUP

L1 ¢ ¢ ¢ L "goad" to "bad"
CCR | —transition area
(on) Note 1 —

L2 O O O i ®

Primary cable ground fault
_ L o — ry g
Schematic (a) -

L1 O O O O "good" to "bad"
CCR |—transition area
(on)

L2 L ]

. ™
i L
Primary cable ground fault
L — ry g

Note 1
= (O Operational light unit

. Dim or out ight unit
Schematic (b) o

(1) 45 watt AGL transformer and light unit connected between a regulator output terminal and earth ground.
The ground resistance of the earth ground connection must be low.

(2) When the circuit contains a single ground fault, the "good” to "bad” transition area will be in the same location with
the test connection on either output L1 or L2.

Figure 16-8. Intentional ground test

h)Ifthereisasectionofdimoroutlightfixturesandthelocationofthe“goodtobad’lightsisnotinthe

samespotasmarkedinc)above,thereareatleasttwogroundfaultsonthecircuit.Markthisnew
transitionarea.De-energizeandlockouttheregulator.Checktheconnectorkits,cable,transformer,
etc.,betweenthetwoadjacentlightfixturesofthenewlymarkedareaandrepairorreplacesuspected
faultsasnecessary.Aseachfaultiscleared,energizetheregulatorandperformavisualinspectionof
thecircuit.Keepawayfromtheenergizedprimarycableandalwayslockouttheregulatorwhen
handlingthecable.The“goodtobad’transitionareashouldmovetowardthespotmarkedinc).
Continuetroubleshootingthefaultsinthismanneruntilthelastgroundisrepairedandthetestlamp
does not illuminate when the regulator is energized.

i)Ifallthelightsappeartobeoperatingcorrectly,thegroundisbetweenoutput‘L2”andthefirstlighton

thatsideofthecircuit,thesameasfoundind).De-energizeandlockouttheregulator.Workfromthe
lightfixturetowardsoutput‘L2.”Checkthecable,connectorkits,splices,etc.,andrepairorreplace
suspected faults as necessary. The ground fault has been fixedwhen thetestlampdoesnotilluminate
when the regulator is energized.
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j)Ifallthelightsaredimorout,thegroundfaultisbetweenoutput“L1”andthefirstlightfixtureonthat
sideofthecircuit,thesameasfoundine).De-energizeandlockouttheregulator.Workfromthelight
fixturetowardsoutput‘L1”.Checkthecable,connectorkits,splices,etc.,andrepairorreplace
suspectedfaultsasnecessary.Thegroundfaulthasbeenfixedwhenthelightfixturesoperate
properlyandthetestlampdoesnotilluminatewhentheregulatorisenergized.Removethefault
marker(s)fromthefield.

16.7.2Ifaresistancetesterisnotavailable,theintentionalgroundtestcanbemodifiedtobecomeavaluable
preventivemaintenancetoolasshowninFigure16-9.Connectthetransformer/lightassemblytotheregulatoroutput
throughacut-out.Whenthecut-outhandleisremoved,theintentionalgroundisconnectedtothecircuit. Onceamonth,

shut off the regulator and pull thecut-out handle out.Energize the regulator to the high step and observe the testlamp.If
thecircuithasdevelopedagroundfault,thelampwillilluminate. Thelowertheresistanceofthefault,thebrighterthe
lampwillglow. Themainadvantageofperformingthischeckregularlyisthatasinglegroundfaultcanbedetectedand
locatedeasily,beforemultiplefaultsaffectthevisualappearanceofthecircuit. Thegeneralruleofthumbis,ifthetest
lampglows,thegroundneedstobelocatedandrepaired.Addthisproceduretoyourpreventivemaintenanceroutine

and you will always stay one step ahead of grounding troubles.

L‘ iy 7y Yy Ty
S v/ L/ WS
CCR
Y P o £y
L2 1 1 ) i WS
Single ground fault
— e

Test device/cut-out

with handle installed 45 watl test |Ighl unit

with AGL transformer and ground

|f.
.
-
C
(B
C

CCR

L2

C‘ Operational light unit
'. Light unit dim or out

Test device/cut-out

with handle removed —
I T

- @
e
Q &
o
1
22
e @
H—

Figure 16-9. Intentional ground preventive maintenance tool
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16.8GROUNDED OUTPUT TEST FOR LOCATING OPEN CIRCUITS

16.8.1Thegroundedoutputtestissimilartotheintentionalgroundtestusedtolocategroundfaults.Inorderfor
thistesttowork,theopenfaultneedstobegrounded,asshowninFigure16-10.Iftheopenfaultisnotgroundedorthe
groundresistanceofthefaultistoogreat,thismethodmayonlyworkwithlargekWratedregulators.Makesurethe

regulator is off. Markthe regulator leads “L1”and“L2”. Remove lead “L1” fromtheregulator. Cap or tapethebare end of
lead“L1”.Makesureitdoesnottouchanything,andstayawayfromitwhentheregulatorisenergized.Next,connect
theregulatoroutputterminal,fromwhich“L1"wasremoved,toearthground.Onceagain,thegroundresistanceofthis
connection must be aslowas possible.Energizetheregulatortothehigheststep. Stayaway from thetestconnectionto
ground.

16.8.2Iftheregulatortripsoffonopencircuitprotection,donotattempttoenergizetheregulatorasecondtime.
Eithertheregulatoristoosmallorthegroundresistanceofthefaultistoolarge.lnmostcases,4and7.5kWregulators
donothaveenoughpowertodriveagroundedoutputtestthathasanygroundresistanceatthefaultlocation.Ideally,
thebestregulatortousewouldbea30kWfor6.6amperecircuits,anda70kWfor20amperecircuits.Ifpossible,
connectthecircuittothelargestregulatorinthevaultandtryagain.Ifthecircuitcannotbeturnedon,troubleshootthe
open circuit fault with the ohmmeter/megaohm test (section 16.5 refers)

)

—@ ¢ o ®

—

anl
L2 O J—. ]
AN

(-

CCR

(a) Grounded output test on CCR L2 N~ .
Single ground fault with open
U O O O O
CCR
@ 0 ]
L2 1 E—.T TC O O
= = = () Operational light unit
(b) Grounded output test on CCR L1 o Light unit dim or out

(1) Insulate and stay clear of removed primary cable lead, lethal voltages may be present.
{2) The ground resistance of this connection must be low.

(3) If the regulator trips off on open circuit, the open circuit fault is not grounded or the regulator does
not have the power to drive the circuit.

Figure 16-10. Grounded output test
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16.8.3lftheregulatorstaysonandisregisteringoutputcurrent,theopencircuitfaultcanbefoundusingthe

grounded outputtest.It is common for the regulator outputcurrent tofluctuatewiththistestsetup.This conditionwill not
damage the regulator but continuetooperate the regulatoronly long enough to locate the fault.Oncethefaultiscleared,
theregulatorshouldreturntonormaloperation.Withtheregulatorenergized,conductavisualinspectionofthefield

circuit. Thereshouldbeasectionoflightedfixturesandasectionofoutfixtures.Markthe“goodtobad”transitionarea.
Theopenfaultwillbebetweenthelastlightfixtureoperatingandthefirstnon-illuminatedfixture.Ifallthelightsareon,

the open is between output “L1” and the first fixture onthatsideofthecircuit.If all the lights areout, the open isbetween
output“L2”andthefirstfixtureonthatsideofthecircuit. De-energize and lock out the regulator.

16.8.4Removethegroundconnectionfromtheregulatoroutputterminal.Reconnectlead“L 1"totheregulator
outputterminal.Next,removelead“L2"fromtheregulator.Caportapethebareendoflead“L2,”makingsureitdoes
nottouchanythingandstayawayfromitwhentheregulatorisenergized.Next,connecttheregulatoroutputterminal
fromwhich“L2"wasremoved,toearthground.Energizetheregulatortothehigheststep.Stayawayfromthetest
connectiontoground.Conductavisualinspectionofthefieldcircuit. Thistimethefixturesthatwereoninthelasttest

should be out and the fixtures that were out in the last testshould beon.The visual appearance of the circuit now should
betheexactoppositeof16.8.3withthe“goodtobad”transitionareainthesamelocation.Ifthisistrue,theopenis
betweenthetwolightfixturesadjacenttothefaultmarker.De-energizeandlockouttheregulator.Startatonelight
fixtureandworktowardtheothercheckingAGLtransformerwindings,connections,splices,andtheprimarycablefor
opens.Repairorreplaceanydefectsasnecessary. Toverifythattheopenfaulthasbeencorrected,measurethe
resistanceacrossoutput‘L1”and“L2"withanohmmeter.lftheresistanceislessthan700ohms,thecircuitisfreeofall
opens.Anythingover700ohmsindicatesthepresenceofanopenorhighresistancefaultsomewhereonthecircuit.
Remember, every circuitwill have a different resistance value depending on thenumber andwattageofthelightfixtures,
but700o0hmsisthemaximumforanyairfieldcircuit. Removethegroundconnectionfromtheregulatorandreconnect
output‘L2"totheregulator.Energizetheregulatortothehighstepforapproximatelythirtyminutes. Thisprocedurewill
enableadoublecheckthattherepairworkwasdonecorrectly. Performavisualinspectionofthecircuitandremovethe
faultmarker(s)fromthefield.

16.9USING HEAT SENSING EQUIPMENT TO LOCATE GROUND FAULTS

Anytimetherearetwoshortstogroundinaseriescircuit,thecurrentflowingtogroundthroughthebreachinthecable
ortransformerinsulationproducesheat. Thisiscausedbythearcingthatoccurswhenagoodsolidconnectionisnot
presentinanelectricalcircuit.Inthecaseofseriescircuitsoperatedbyconstantcurrentregulators,theregulatorcan
produceveryhighvoltagesanddamageandheatfromarcingcanbegreat. Someairportshavelearnedtousethis
unfortunatecircumstancetotheiradvantage.Byutilizingeconomicalinfraredthermometers,theelectricianisableto
measurethedifferencebetweenthetemperatureofanormallightcanorfixtureandonethatisrunninganabnormally
hightemperature.Infraredthermometersareavailablethatuselasersightingandareeffectiveatdistanceslongenough
toallowtheirusefromamovingvehicle.Usingthisequipment,anelectriciancandrivedowntherunwayortaxiway
checkingthetemperatureofeachlight/canuntiloneisfoundthatexhibitsahighertemperaturethantheothersandthen
investigatethatlight. This method has proven to be a great time saver atseveral airports.

16.10USING CABLE FAULT LOCATING EQUIPMENT TO LOCATE GROUND FAULTS

Cablelocatingandfaultfindingtechnologyhasimprovedvastlyovertheyearswithmanymanufacturersoffering
equipmentcapableoflocatingundergroundcableandgroundorshieldfaults. Theseunitsconsistofatransmitterand
receiverand,ifequippedforfaultfinding,usuallyhaveanoptional A-framepickupunitforusewiththereceiver. They
are able to detect the location of ground faults indirect-buried cables andcan behighly accurate.
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Chapterl7

ELECTRICALTESTEQUIPMENT

17.1GENERAL

17.1.1Thissectiondescribesseveraltypesofelectricaltestequipmentusedformaintenanceoflighted
navigationalaidequipment. Thetestequipmentislistedinorderofrelativeusefulness.Formaintenancepurposes, itis
recommendedthateveryfacilityacquireatleastavolt-ohm-milliammeterandaninsulationtester. Thesetwounitsare
requiredformanymaintenanceroutinesandareusefulfortroubleshooting.Operatinginstructionsfortheequipment
listedarecontainedinthemanufacturer'smanualsuppliedwiththeequipment.Periodicconditionchecksshouldbe
performedonalltestequipmenttoensuresafeoperation.

17.1.2Technical procedures for testing, as described herein, should be checked against local rules of safety.

Safety — Rubber insulating gloves

17.1.3Employeeswhoworkonaerodromeelectricalsystemsarerequiredbyapplicableregulatoryagencies(e.g.
OccupationalSafetyandHealthAgency(OSHA))tohavepersonalprotectionequipment(PPE)againstshockhazard.
Thisincludesrubberinsulatingglovesandassociatedleathergloveprotectors.Althoughasageneralpracticeone
shouldnotworkonenergizedcircuits,thisruleisnotalwayspossibletofollow.Aswell,cablesofothercircuitsmaybe
presentinthesamemanholeortransformerhousingandanassumedde-energizedcablemayactuallybelivedueto
crossoverfailures.Therefore,indoingtestsorinvestigationsofaerodromecircuits,oneshouldalwayswearinsulating
gloves.

17.1.4Rubberinsulatingglovesshouldbecertifiedandinspectedbeforeeachday’suseandimmediately
followinganyincidentthatcanreasonablybesuspectedofhavingcauseddamage.Beforeeachuse,rubbergoods
shouldbevisuallyinspectedforholes,embeddedwires,ripsortears,ozonecutting,UVcheckingandsignsofchemical
deterioration. Insulating gloves should be sent for periodic proof testing on at least a six-month basis.

17.2VOLT-OHM-MILLIAMMETER (VOM)

17.2.1Ananaloguevolt-ohm-milliammeterisahighlyversatilepieceoftestinstrumentthatiscapableof
measuringAC/DCvoltages,resistance,andlowvaluesofDCcurrent. Thebetterqualityunitsofferreasonableaccuracy
andruggednessandareusefulformakingalargevarietyofmeasurements. Themostcommonuseofthisinstrumentis
formakingresistancemeasurementsonseriescircuitsforthepurposeoftroubleshootingwhenafaulthasoccurred.An
analogueVOMis usefulbecauseofitsabilitytoshowfluctuatingtrendsandratesandtheeasewithwhichitoffersago,
no-go check when rapid troubleshooting is required.

17.2.2AnanalogueVOMdoeshoweverhavelimitations.Itsrelativelylow-inputimpedanceandsusceptibilityto
interferencemakeitunsuitableforsomemeasurements,especiallywhendealingwithelectroniccircuitsorwhen
workinginanenvironmentwithradiofrequency(RF)energypresent.Also,itmustberememberedthatatypicalVOM
shouldnotbeusedformakingcurrentmeasurementsinanairfieldlightingseriescircuitbecauseitmaynotbedesigned
for true RMS, high accuracy measurements.
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Safety

17.2.3SafetymustalwaysbeconsideredwhenusingtheVOM.Thevoltagelevelsandshockhazardsrelatedto
allequipmenttobetestedmustbeknown.BesurethattheVOMhasbeentestedandcalibrated.Portabletest
instrumentsshouldbeinspectedandcalibratedatleastonceayear.ChecktheconditionoftheVOMtestleadsbefore
makinganymeasurements.GeneralsafetyrecommendationsforspecificusesofaVOMarecontainedinthe
manufacturer's manual supplied with the equipment:

a)High-voltagemeasurements.Nevertrytotakedirectvoltagereadingsonpowerdistributioncircuits
ratedover600 volts.Measurementofhighvoltageisaccomplishedbyinstallingproperlyrated
instrument transformers and meters.

b)Switchsettings.Whenmakingvoltagemeasurementsonpowerandcontrolcircuits,besurethatthe
meterselectorandrangeswitchesareinthecorrectpositionforthecircuitundertestbeforeapplying
testleadstothecircuitconductors.Topreventdamagetothemetermovement,alwaysusearange
thatensureslessthanfull-scaledeflectionofthepointer.A1/3tomid-scaledeflectionofthepointer
assuresthemostaccuratereadings.

c)Caseinsulation.DonotholdtheVVOMinthehandwhiletakingthereading.Supporttheinstrumenton
aflatsurface.If holding the VOM is unavoidable, do notrely upon the insulation ofthecase.

17.3DIGITAL MULTIMETER (DMM)

17.3.1Adigitalmultimeterisanotherpieceofessentialtestequipmentfortheairportelectrician’stoolbox. This
versatileinstrumentcandeliverhighaccuracyand,throughtheuseofvariousaccessories,theabilitytomakeawide
rangeofmeasurements.Thebestadvicewhenpurchasingthisoranytypeoftestequipmentistobuythebestyoucan
possiblyafford.AlwaysmakesurethattheDMMyouuseisatrueRMStypeandthattheaccessoriesareofthehighest
quality and accuracy.

17.3.2ADMMwithagoodqualityclamp-onammeteraccessoryisagoodcombinationformeasuringtheoutput
currentofconstantcurrentregulators.Verifythatall DMMaccessoriesarewithintheaccuracyrequirementsforthe
intendedtask.EnsurethattheaccuracyoftheDMMandallaccessoriesarecheckedandcalibratedannuallybya
certifiedcalibrationlabfortherangestobemeasured.Inthecaseofairportlightingseriescircuits,2.8to20ampsisthe
rangeforverifyingpropercalibration.

Safety

17.3.3All safety precautions listed for VOMs also apply to DMMs.

17.4INSULATION RESISTANCE TESTER (MEGOHMMETER)

17.4.1Aninsulationresistancetesterormegohmmeterisanecessarytoolformaintainingandtroubleshooting
undergroundairportlightingserieshigh-voltagecables. Thetesterscomeinavarietyofstylesfromthetraditionalhand-
crankmodelstobatteryandACmainspoweredversions.Theseinstrumentsareusedfortestingtheinsulation
resistance-to-groundofundergroundcables;fortestinginsulationresistancebetweenconductors;andfortesting
resistance-to-groundorbetweenwindingsoftransformers,motors,regulators,etc. Thebattery-poweredmodelsarethe
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mostprevalentandcomeinallshapesandsizesinbothanalogueanddigitalreadout.Mostofthedigitalmodelshave
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ananaloguebargraphtosupplementthedigitalreading. Thehigh-voltagetestershouldcontainanaccuratevoltmeter
andmicroammeterforreadingthevoltageappliedtothecircuitandtheinsulationleakagecurrent.

17.4.2Anotherconsiderationinselectinganinsulationresistancetesteristheoutputvoltage.Somebattery-and
line-poweredunitsnowhaveselectableoutputvoltagesthatcanrangeashighas5000voltsDC.Asaminimum,select
aninsulationresistancetesterwithanoutputof1000voltsDC.Ifpossible,considerusingaunitwithhighermaximum
voltageoutputasthislendsmorepossibilitiesoffindinghighresistancefaultsandmorecloselyapproximatestherated
voltageofthecablesandtransformers.However,notethattestingoldcablesinquestionableconditionand/orcircuits
thathavebeenoperatingatmuchlowervoltagesmaysufferdamagefromtestingatvoltagesoverl 000volts. Exercise
caution when testing older circuits for the first time.

Safety
17.4.3Following precautions should be followed:

a)Thesetestsshouldbesupervisedcarefullybyqualifiedpersonneltoascertainthatexcessivevoltages
arenotapplied.

b)Whenpreparingtomakeaninsulationresistancetest,firstmakeacompletesafetycheck.Makesure
thatequipmenttobetestedisdisconnectedfromallpowersources.Openallsafetyswitchesandlock
outothercontrolequipmentsothattheequipmentcannotbeaccidentallyenergized.

c¢)lfneutralorgroundconductorsmustbedisconnected,makesuretheyarenotcarryingcurrentand
that, when disconnected, no other equipment will lack protection.

d)Observe the voltage rating of the tester and take suitable precautions.

e)Largeequipmentandcableusuallyhavesufficientcapacitytostoreadangerousamountofenergy
fromthetestcurrent.Aftertakingresistancereadingsandbeforehandlingthetestleads,allowany
energystoredintheequipmenttodischargebyleavingthetesterconnectedforatleast30seconds
beforetouchingtheleads. Many new testerswillautomatically discharge the equipment under test and
givetheuseravisualoraudibleindicationwhenitissafetoremovethetestleads.Consultthe
equipmentmanualforinformationonmanufacturer’sinstructions.

f)Donotusethetesterinanexplosiveatmosphere.Anexplosionmayresultifslightsparkingis
encounteredwhenattachingorremovingtestleads,orasaresultofarcingthroughoroverdefective
insulation.

17.5INSULATION RESISTANCE TEST

17.5.1Performingregularpreventivemaintenance(PM)checksonairfieldlightingcircuitsisabsolutelynecessary
forreliableoperationofthesystem.Becauseofthepotentialofoperatingatveryhighvoltages,thecomponentsofthe
series circuit are extremely susceptible to failure.

17.5.2Performinsulationresistancetestsonallairfieldcircuitsonamonthlybasisasaminimum.lftheairport
hascircuitsthatfailregularlyduetoageorotherreasons,considerweeklychecks.Manypotentialfailurescanbefound
duringdaylighthoursbeforetheybecomeaproblembymakingweeklyPMinsulationresistancechecksahabit.Keep
recordsintheregulatorvaultwith thecircuitidentifiedaswellasthedateandresultsofthetest.Provide spacefornotes
astospecialconditionssuchasweatherconditionsatthetimeofthetest,recentlightningactivityandtonotefailure
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locations and causes when found.A sample form is shown in Figure 17-1.
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Figure 17-1.Testrecordform

AIRPORTLIGHTINGCIRCUITTESTRECORD

Vaultorsubstation#

Circuitidentification

[
DATEOHMSWEATHERCONDITIONSANDCOMMENTSINITIALS

Figure 17-1.Testrecordform

17.5.3Whentestingoldercircuits,especiallycircuitsthatnormallyoperateatlowervoltages,useofa5000volts
DCtestermayshowafaultinanotherwiseundetectedweakspotinacableortransformer.ltisthereforeadvisable,
when testing at voltages higher than 1 000 volts DC, to be prepared to make immediate repairs if necessary.

17.5.4Whenperforminginsulationresistancetestsforpreventivemaintenance,itisnecessarytobeconsistentin
thewaythetestsarecarriedoutfromonesessiontothenext. Testresultsmayvaryduetoanumberofcircumstances.
Forinstance,thetestshouldbeadministeredforthesamelengthoftimeeachtimeitisperformedandatthesametest
voltage so that the results may be accurately compared.

17.5.5Averyimportantconsiderationwhenperforminginsulationresistancetestsisthetimerequiredforthe
readingofinsulationresistancetoreachamaximum.Theprimarycauseofdelayinreachingfullchargeisknownasthe
dielectricabsorptioneffect.ltmaybeamatterofseveralminutesbeforethisiscompletedandforthereadingtoreach
anabsolutemaximum.lt is best to establish a minimum time for conducting the tests based on experience.

17.5.6Forshorttimereadingsofinsulationresistance,operatetheinstrumentforadefinitelengthoftime,either
30 seconds to 1 minute, and read at the endof that time. Make future tests with the same length of operating time.

17.5.70thervariablessuchasmoisture,weather,andtimeofdaymayaffectthereadings.Readingsshould
ideallybetakenaftercircuitshavebeende-energizedforseveralhours.Readingsmayappearhigherimmediatelyafter
operatingthecircuit. Thisisa signofdeterioratinginsulationintransformersandpossiblycablethatisallowingmoisture
toenter.Operatingthecircuitsraisesthetemperatureanddrivesmoisturefromtheinsulationresultinginanartificially
higherreading.
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17.5.8Thereisnoidealvalueforinsulationresistancereadingsonseriescircuitsduetofactorssuchascircuit

length, age, etc. The best rule here is to base this decision on past experiencewithyour own facility. Each circuit may be
differentbasedonage,manufacturerofcableandequipment,installationmethods(directburiedorinstalledinconduit),

local weather conditions, and the amount of moisture normally present in the system.
17.5.9Thedecisionofwhentoconsideracircuitfailingandinneedofpreventivemaintenancerepairsmayvary
fromonecircuittoanotheratthesamefacility.Generallyspeaking,anycircuitthatmeasureslessthanlmegohmis
certainlydestinedforrapidfailure. Thetimeittakesforacircuittofailisaffectedbytheoutputvoltageoftheregulator,
typeoffaultandpresenceofmoistureatthelocationofthefault. ThelargerthecircuitsizeinkW,thehighertheoutput

voltage and hence, the more the condition of the insulation becomes critical.

17.5.10Theimportantinformationisthedeteriorationofresistancevaluesfrommonthtomonthandyeartoyear.
Theresistancevalueinevitablydeclinesovertheservicelifeofthecircuit;al0-20percentdeclineperyearmaybe
considerednormal.Ayearlydeclineof50percent(4percentmonthly)orgreaterindicatestheexistenceofaproblem
(suchasahighresistanceground)orseriousdeteriorationofthecircuitinsulation.Inthisinstance,themaintenance
supervisorshouldconsiderperformingtroubleshootingtolocatetheproblem.Atablefortypicalexistingcircuitloop
resistance is shown in Table 17-1.

Table 17-1.Suggested resistance values for maintenance

CircuitlengthSuggested minimum resistance to ground

Lessthan3000m50megohms

3000mtolessthan6000m40megohms

6000mormore30megohms

17.5.11Itshouldalsobenotedthattheinsulationresistancethatisrequiredfornewinstallationswillhaveagreat
effectontheabilityofthemaintenancestafftomaintaintheserieslightingcircuitsafterinstallationandacceptance. With
newercableinstallationsbeingmorefrequentlyinstalledinconduitandbasecansasopposedtodirectburial,initial
resistancevaluesuptoandinexcessof500megohmsarenormallyachievableandshouldberequired(see

Figure 17-2).

17.6UNDERGROUND CABLE/FAULT LOCATOR

17.6.1Acablelocatorisanindispensabletoolforquicklylocatingairportlightingcableandducts.Acablelocator
normallyconsistsofatransmitter,whichiseitherdirectly(orindirectlybymeansofaninductivecoupler)attachedtoan
undergroundcableandareceiverthatisusedtopickupthetransmittedsignaltofollowthepathofthecable.Cable
locatorsareveryhandyforlocatingthepathofaconductorwhiletroubleshootingcablesinPVCconduitandareeven
more necessary when dealing with direct-buried cables.

17.6.2Wheneverworkontheairportrequiresdiggingofanykind,itisnecessarytoutilizeacable/faultlocatorto
preventinadvertentcuttingofcables.Most ofthereceiversalsoincorporatetheabilitytolocate60HzACcableswithout
thenecessityofapplyingasignalortonetotheconductor.Iftheairportcircuitsaresuppliedbydirect-buriedconductors
orhavedirect-buriedcontrolcables,itisadvisabletopurchasealocatorwhichalsohasthecapabilityoflocatingground
faults.ltshouldbenoted,however,thatfaultsincablesinstalledinconduitscannotbelocatedusingthesedevices.
Cablelocatorsthatincludefault-findingcapabilityarenormallyequippedwithanA-frameprobethatisusedwiththe
receiver to determine the direction of a fault between the conductor or shield to groun
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Figure 17-2: Example of insulation resistance measurements
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Safety

17.6.3Whenusingadirectconnectiontotheconductortobelocatedortested,alwaysexercisecaretoensure
that the circuit supplying the conductor has been de-energized, locked out and tagged.

17.7HIGH-RESISTANCE FAULT LOCATOR

17.7.1Thehigh-resistancefaultlocatorutilizesamodifiedWheatstonebridgecircuitinwhichthetwosectionsof
thefaultedconductor(oneoneachsideofthefault)comprisethetwoexternalarmsofthebridge. Theremainingtwo
armsofthebridgearecontainedintheinstrument.Byusingadetectorcircuitofextremelyhighinputresistance, itis
possibletolocatehigh-resistance faults. With this bridgearrangement, faultshavingresistancesfrom0to200megohms
can be located within an accuracy of +0.5 per cent.A typical error would be 15 cm in 150 m, i.e.+0.10percent.
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17.7.2Duetothehighsensitivityofthistestset,abalancecanoftenbeobtainedwithagoodconductor(thefault
locationwillbeindicatedasthecentrepointoftheconductor).Suchabalancewouldbeduetonormalcableleakage
currentandwouldresultinareadingofapproximately50percentinacableofuniforminsulationqualityatauniform
temperature.Forthisreason,theexistenceofafaultshouldbeestablishedbyinsulationresistancemeasurements
before attempting to determine the actual location of the fault.

Safety

17.7.3Before attempting to make any connections, make sure that all exposed cables are de-energized.

17.8CLAMP-ON AMMETER

17.8.1The true rootmean squared(true RMS) ammeter measures alternating current. Some models are provided
withplug-inleadstopermittheinstrumenttobeusedasavoltmeterorasanohmmeter.Whencheckingcurrent,usea
currentclampprobe.

17.8.2Theammeteristheairfieldelectrician’smostimportanttool,andshouldbeatrueRMSammeter.Other
ammeters(averagingandpeakindicating)areinadequateforairportlightinguse.Keepinmindthatnarrowtolerances
arecrucialforproperoperationoftheairfieldcircuit. Achangeoflpercentincurrentcanresultinuptoa7percent
changeinlumenoutput.Averagingandpeakindicatingammeterswillnotmeasurethenon-sinusoidalwaveforms
correctlyandwillindicatecurrentlevelsbelowactualcurrentlevels.OnlytrueRMSammetersarecapableofreading
non-sinusoidalwaveformsthatarepresentonconstantcurrentregulatoroutputsandairfieldloadcircuits.Becausemost
ofthesedevices areratedtomeasurecurrentfarinexcessofwhatyouneedtomeasureonairportlightingcircuits, their
accuracyat thelowendofthemeasurementscalemaybeinquestion—thismaybeparticularlytrueforlightingcircuits
thatuseLEDIlamps.Clamp-ondeviceshavinganaccuracyof+2percentorbettershouldbeusedbecauseasmall
changeinseriescircuitlampcurrentcanproducealargechangeinlamplightoutputandpotentiallyshortenlamplife. It
may be beneficial to have a registered calibration laboratorycheck the instrumentand calibrateit totheloweramprange.

17.8.3Thecurrentclampaccessoryallowscurrentmeasurementwithoutinterruptingordirectlycomingincontact
withthecircuitbeingmeasured.Electriciansshouldavoid“HallEffect’currentclampaccessoriesbecausetheydonot
enable a true RMS reading for non-sinusoidal waveforms.

Safety

17.8.4Theclamp-onammeterreducesoperatorexposuretohighvoltages.However,theoperatormustobserve
normalsafetyprecautionstopreventcomingincontactwithexposedconductorswhentakingcurrentreadings.When
takingameasurementontheprimarysideofthecircuit,firstturnofftheregulator,applytheclamp-onandthenturnon
theregulatorwhilststandingawaybutsufficientlyclosetoseethereading. Turnofftheregulatoragainandremovethe
clamp-on.

17.9CABLE ROUTE TRACER

17.9.1Thecableroutetracerisanelectronicinstrumentdesignedforlocating,tracing,andmeasuringthedepth
ofanenergizedundergroundpowercable.Theinstrumentcanalsobeusedtolocateundergroundtransformers,
T-splices,andgroundfaultsonunshieldedcable.
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Safety

17.9.2Sincethecableroutetracerisusedtotracecableswhichareenergizedwithvoltagesthatarehazardous
andpotentiallylethal,personstestingorassistingintestsmustusepracticalsafetyprecautionstopreventcontactwith
energized conductors, terminals, or other equipment.

17.10IMPULSE GENERATOR/PROOF TESTER

17.10.1Animpulsegenerator/prooftesterisacompactsignalunitcontainedinametalcase. Thetestsetis
composedofanimpulsegeneratorandaninternalDCpowersource. Theimpulsegeneratorcontainsacapacitorbank
that is periodically charged from the DC source and discharged into the cable to form the test voltage waveform.

17.10.2Intheimpulsemethodoffaultlocation,theimpulsegeneratorrepeatedlyappliesahigh-voltagewaveform
tothedefectivecable.Thiswaveformtravelsalongthecableuntilitreachesthefault. Atthefault,thevoltagecauses
significantcurrenttopassthroughthereturnpath.Thiscurrent,oritsresults,canbelocatedandthefaultpositionalong
the cable length can be traced by an acoustic detector or a directional detector (section 17.12).

Safety

17.10.3Thetestsetandthecabletowhichitisconnectedareasourceofhigh-voltageelectricalenergy,andall
personsperformingorassistinginthetestsmustuseallpracticalsafetyprecautionstopreventcontactwithenergized

parts of the test equipment andassociated circuits.Persons actually engaged in the test must stand clear by at least 1 m
ofallpartsofthecompletehigh-voltagecircuit,unlessthetestsetisde-energizedandallpartsofthetestcircuitare
grounded.Anypersonnotdirectlyassociatedwiththeworkmustbekeptawayfromtestactivitiesbysuitablebarriers,

barricades, or warnings.

17.10.4High-voltageimpulsewaveformsandresultantcurrentpulsescreatespecialsafetyproblems.Alarge,
rapidlychangingcurrent,evenacrosssmallvaluesofimpedance,cangeneratedangerousvoltagelevels.Thetestset
designprovidestwodistinctgroundsystems—theapparatuscasegroundandthesurgeground.Theapparatuscase
ground,whichmustbeconnectedtoagoodlocalground,isdesignedtoprotecttheoperatorbypreventingadifference
ofpotentialbetweentheapparatuscaseandthegroundintheimmediatevicinity. Thesurgegroundisdesignedto
returntheimpulsecurrentbacktothecapacitor. Thissurgegroundleadisacontinuationoftheoutputcableshieldand
shouldnotbeextended.

17.10.50n terminationof atest,evenafterpowerhasbeenremovedfromthetestset,energycanstillbestoredin
thecapacitorbankandcable.Forthisreason,amanualgroundisincludedinthisequipment. Thevoltmeterresistorwill
graduallyreducesuchstoredenergytoasafe,lowlevel. Thenthemanualgroundmustbeclosedtoplaceadirectshort
circuitacrossthecapacitorbankandthecableundertest.ltisrecommendedthat,beforeremovalofthetestset,a

ground bond be placed across the cable under test and remain in place until access to the cable is again required.

17.10.6lfthetestsetisproperlyoperatedandallgroundscorrectlymade,norubberglovesarenecessary.Asa
routinesafetyprocedure,however,somesitesrequiretheuseofrubberglovesnotonlyinmakingconnectionstothe
high-voltage terminals but also in manipulating the controls. This is an excellent safety practice.
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17.11ACOUSTIC DETECTOR

17.11.1Anacousticdetectorisauniqueinstrumentationsystemdesignedtodetecttheintensityofpulsedsound
wavesintheearth.ltisprimarilyusedwithimpulsegeneratorstolocatefaultsindirect-buriedelectriccablesbytracing
the sound emitted from the fault when the impulse generator causes it to arc.

17.11.2Thesetisdesignedforuseinallweatherandcaneasilybecarriedbytheoperatortoanyfieldlocation. A
sturdy carrying case is provided for storing and transport.

17.11.3Inuse,theoperatorplacesapickupelementonthegroundandlistensforthecharacteristicpoporthump
intheearphones,thenmovesalongthelinetowardthelocationoftheloudestsound.Thesethasacalibratedsound
intensitymeterwhichisusedtomakeafinalpreciselocationofthepointofmaximumsound,whichisdirectlyoverthe
fault. Themeterisoftenfoundtobemoresensitivethantheearindetectingaveryweaksignal. Themeterandasolid-
stateamplifierarecontainedinalightweightcompacthousingwhichcanbecarriedbyastraparoundtheneck,leaving
thehandsfreetooperatetheinstrument.

17.11.4Animportantfeatureofthedetectoristheimpulseindicator. Thisisanentirelyseparatesystemwhich
detectsthecurrentpulseasitisappliedtothefaultedcableandgivesavisualsignaltotheoperator. Whentheoperator
isatadistancefromtheimpulsegeneratorandcannotseeorhearitoperating,theindicatorensuresthattheimpulse
generatorisoperating.Ilnaddition,theindicatortellstheoperatorexactlywhentolistenforthethumpandwatchthe

meter. This is mostuseful inareasofhighbackgroundnoise. The impulse indicator, completewithitsmagneticantenna,
is included in the main amplifier housing.

17.12DIRECTIONAL DETECTOR

17.12.1Adirectionaldetectormeasuresthedirectionandmagnitudeofshortdurationcurrentpulsesfrom
capacitor-dischargegenerators.ltisusedforlocatingfaultsbetweenconductorsorbetweenaconductorandtheshield
in underground power cables.

17.12.2Withtheselectionoftwomagneticpickupsandoneconductivepickup,itcanbeusedtolocatefaultsin
shieldedorunshieldedcables,eitherdirect-buriedorinaduct. Themagneticpickupsgiveagenerallocationofthefault;
more accurate location of unshielded direct-buried cables is possible with the conductive or earth-gradient pickup.

17.12.3Thetestsetisalsoeffectivefortracingburiedcable,givingaprecisefixonbothlocationanddepth.In
additiontoimpulsedetecting,thetestsetcanbeusedfortracingburiedcablesenergizedatfrequenciesbetween60
and1000Hz.

17.12.4Finally thetestsetincludesaseparatehigh-impedancevoltmetercircuitforlocatinghigh-resistanceearth
faults in direct-buried cables energized at 60 Hz, using earth gradient probes.

17.12.5Thetestsetisdesignedtogiveoptimumresponsetothetypicalcurrentimpulsewaveformproducedina
cablebyacapacitordischarge.Thetestsetmeasuresthestrengthanddirection(polarity)ofthemagneticfieldcreated
bytheimpulsecurrent. Thesetnotonlyindicatesthepresenceorabsenceofanimpulsecurrentinthevicinitybutalso
itsdirectionandmagnitude.Thisinformationisvaluableinfaultlocating.

17.12.6Thetestsetconsistsofanamplifierunit,sheathpickupcoil,surfacepickupcoilandearthgradientprobe
frame:

a)Amplifierunit. Theamplifierunitcontainstheelectronics,thebattery,theoutputmeter,andthe
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controls.
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b)Sheath pickup coil. This unitisa C-shapedironcoreandcoilmoldedintoasolidrubberassembly. It is
designedforoptimumpickupofthesmall,high-frequencymagneticfieldsurroundingacableand
sheathandhastheabilityto accuratelypickout theoneofthreeconductorsinsidethesheathwhichis
carryingthetestimpulsecurrent.

c)Surfacepickupcoil. Thisisaferriterodantennaenclosedinaprotectivetube. ItisheldinaT-bracket
attheendofatelescopingaluminiumrodwithrubberhandlegrip. Thispickupisdesignedspecifically
fordetectingthemagnitudeanddirectionofimpulsecurrentmagneticfields. TheT-jointishingedand
detented for positioning at O degrees, 45 degrees, and90 degreesto permit easy location ofmaximum
and minimum signals and, thus, location of the cable.

d)Earthgradientprobeframe. Thisisarigidtubularframesupportingtwostainlesssteelprobesata
fixedseparationof50cm(20inches)whichprovidesameansofdetectingvoltagedifferentialalong
thesurfaceoftheearth.Eachprobeiswiredthroughaconnectingcordtoaplug. Theframeis
insulatedforoperatorsafety.

Safety

17.12.7Theimpulsegeneratorusedwiththisdirectionaldetectorandthecablestowhichitisconnectedmaybea
sourceofhigh-voltageelectricalenergy,andallsafetyprecautionslistedintheimpulsegeneratorssectionshouldbe
followed.Whenthedirectionaldetectorisusedwiththeearthgradientprobes,caremustbeexercisedtoavoidcontact
withanyenergizedequipmentorcables,whetheronthesurfaceorburiedorwhetherenergizedbytheimpulse
generator or the power line.

17.12.8A hazardous voltage may occur at any of the following locations:
a)At or near connections to the impulse generator, including earth or earthed conductors in the vicinity.
b)At any other terminal of the cable or connectedequipment.

c)Atornearthefaultwhereearthvoltagegradientsmayexist. Thefaultlocationisunknown,socaution
mustbeexercisedallalongtheburiedcablerun.

17.12.9Anypersonsnotdirectlyassociatedwiththeworkmustbekeptawayfromthedangerareabysuitable
barriers, barricades, or warnings.

17.12.10Afterthefaultysectionofcablehasbeenisolated,themaintenanceelectricianshoulduseacablefault
locator to pinpoint the actual location of the fault.

17.13GROUND RESISTANCE TESTER

17.13.1Agroundresistancetesterisusedtomeasuretheeffectivenessofgroundingsystems.ltdoesthisby
measuringtheresistancebetweenthegroundingsystemandtheearthground.Followmanufacturer’sinstructions
closelytoobtainanaccurategroundresistancereading,thusavoidingafalse,lowerthanactualresistance-to-ground
measurementthatcanresultfromincorrectuse. Thegroundingsysteminquestionmaybeusedforbeacontowers,
lightingvaults,enginegenerators,andforotherlightednavigationalaids,oritmaybeacounterpoise systemfor
undergroundcables.Someofthenewermodelsaresimpleclamp-onunitscapableofmeasuringtheresistance-to-
groundofgroundrodsorgroundingconductorsbymeasuringthegroundleakagecurrentwithoutdisconnectingthe
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groundingconductorundertest.
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17.13.2Themaximumacceptablegroundresistanceis250hms.ltispreferablethattheresistancebe10ohmsor
less.

17.13.3Inmanylocations,thewatertableisgraduallyfalling.Inthesecases,thegroundelectrodesystemsthat
wereeffectivewheninitiallyinstalledarenolongereffective. Thisemphasizestheimportanceofacontinuous
programmeto periodically checkthegroundingsystem.ltisnotsufficient tocheckthegroundingsystemonlyatthetime
ofinstallation.

17.13.4Theresistancetogroundmaybedeterminedbythe"fallofpotential*method,asdescribedin

ANSI/IEEE Standard81.Thefallofpotentialmethodinvolvestheplacementoftwoprobesinastraightlineawayfrom
theelectrodeundertest,asshowninFigure17-3.ThedistanceDissufficienttoensureaclearancefromeffective
resistanceareasaroundthegroundelectrodeandthecurrentprobesothatachartofresistanceshavingaplateau
within an established tolerance.Normally, the plateau region occurs around the 62 per cent point.

Safety

17.13.5Agroundingsystemisaveryimportantintegralsafetyfeatureinairportlightingsystems.Tobeeffective,
thegroundingsystemmusthaveaverylowresistance-toground.Thehighertheinherentresistanceofthegrounding
system,thegreaterthevoltagethatcanbuilduponagroundedchassisorframe.Whenthisbuilt-upvoltagedischarges
throughaperson,injuryordeathmayresult.Forthisreason,theeffectivenessofthegroundingsystemmustbe
checked regularly.
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Figure 17-3. Ground resistance testing
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