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CHAPTER 1. SAFETY

1. GENERAL. This chapter contains information that will aid airport
owner s/operators in establishing an effective safety program Safety is
the responsibility of each individual, regardl ess of position. Safety
nmust be practiced daily in every mai ntenance activity that is perforned.
The safety program established at each airport should include preventive
safety precauti ons used when servicing the equi pnment and first-aid
procedures for use in the event of an injury.

2. COWDON CAUSES OF ACCI DENTS. Sone comon causes of accidents are
| i sted bel ow

(a) Working on equi pnent w t hout adequate coordination wth equi prent
users.

(b) Working on equi pnent w thout sufffcient experience on that
equi prent .

(c) Failure to follow instructions in equipnent manual s.
(d) Failure to foll ow safety precautions.

(e) Using unsafe equi pnent.

(f) Failure to use safety devices.

(g) Working at unsafe speeds.

(h) Poor housekeepi ng of work areas.

3. SAFETY PROCEDURES AND GUI DELI NES. Most visual aids are exposed to
weat her and noi sture and may devel op el ectrical shock hazards through
damage fromlightning or insulation deterioration from exposure.

Mai nt enance procedures should begin only after a visual inspection has
been made for possible hazards. Due to the danger of lightning, lighting
equi prent shoul d not be serviced during periods of |ocal thunderstorm
activity.

a. Two Basic Rules. A potential hazard exists whenever work is
perfornmed on or around energi zed el ectrical equipnment. The follow ng
basic rules should be followed by all electricians:

(1) Rule Nunber 1. Wbdrk should never be performed on energized
el ectrical conductors or equi prent, except for neasuring voltage or
current.

(2) Rule Nunber 2. Always assunme that power is on until the
true condition is determn ned.
b. Safety Practices. The follow ng safety practices should be

foll owed by all personnel perform ng maintenance on visual aids:

(1) Al commercial test equipnment should be Underwiters
Laboratory (UL) approved.



(2) Prior to beginning any maintenance work on airport
lighting circuits, coordinate the work schedule with the tower, Flight
Service Station (FSS), or UN COM personnel. Make sure circuits will not
be energi zed during mai ntenance; obtain authorization for |ocal contro
if equipnment is normally operated froma renote control point.

(3) Where mai ntenance work is to be acconplished on a
hi gh-voltage circuit, at least two electricians should be assigned with
one having a thorough know edge of the layout of all airport high-voltage
circuits. The duties of an observer electrician include:

(i) Keeping other personnel not involved in the work clear
of the equipnent.

(ii) Being famliar with power disconnects and inmedi ately
di sconnecting the power source in case of energency.

(iii) Being qualified in first aid and prepared to render
energency care if necessary. The observer should bear in mnd that
prevention of an electrical accident is of primary inportance even though
first-aid treatnent is avail able.

(iv) Qoserving the work being done to detect and warn
agai nst unsafe practices.

c. Personal Safety Precautions. The follow ng conmon sense safety
precauti ons should be standard procedure for every electrician

(1) Know the | ocation of main power disconnect devices.
(2) Know how to sunmon nedi cal aid.

(3) Renobve necessary fuses to deenergize the circuit using
properly insulated fuse pullers. Consult circuit diagranms to identify
all fuses involved. Renmenber that renoval of a fuse does not renove the
voltage fromthe "hot" fuse clip. Discharge all capacitors.

(4) Do not depend on interlocks to renbve power nor on
indicating lights to signal that power is off. Verify that voltage is
off by using a voltnmeter on the conponent after opening the power swtch.

(5) Insulate feet by standing on a dry rubber mat. Renenber,
however, that contact with the grounded equi prment cabinet could nullify
this protection.

(6) Stay clear of termnals, |eads, or conments which carry
vol t ages of any magnitude. Also, avoid contact with coments which are
grounded, including the frame.

(7) Shut down the equipnent if it is necessary to reach into
the equi prent in locations where rapid and direct w thdrawal of the hand
is not possible. In any case, only one hand shoul d be exposed, with the
ot her hand kept away from contact with vol tages or ground.
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(8) Be certain that there is no power applied to a circuit when
maki ng a continuity or resistance check (the nmeter will be damaged.)

(9) Gound test equi prent to the equi pment under test unless
otherwi se specified in instruction manuals. Follow the test procedures
i n paragraph 25 for using uninsulated volt-ohmmnillameters (VOM on live
circuits.

(10) Place a warning sign, "DANGER - DO NOT USE OR OPERATE, ™
or a simlar sign at the main switch or circuit breaker for the circuit
on which you will be working (see paragraph 5).

(11) Do not wear jewelry, wistwatches, or rings while working
with electrical equipnent.

(12) Keep clothing, hands, and feet dry if at all possible.

(13) Use the correct tool (screwdriver, alignment tool, etc.)
for doing the job.

(14) Never use toxic or flanmable solvents for cleaning purposes.
(15) Where air pressure is required for cleaning, use a
| ow pressure (30 psi or less) air source. Eye protection (goggles or face

mask) shoul d be used when using conpressed air for cleaning.

(16) Coggl es and safety shoes should be worn when around high
vol t age.

(17) Do not take anything for granted when working with
i nexperi enced hel p.

4. SAFETY BQOARDS. A plywood board, for posting safety procedures, and a
pegboard, for mounting safety equi pment, should be | ocated in the airport
lighting vault, swi tchgear rooms, engi ne generator roomns, and ot her
appropriate locations. Recommened safety procedures and safety itens are
as foll ows:

a. Accident and fire procedures.

b. Emergency tel ephone nunbers, such as doctor, hospital, rescue
squad, and fire departnent.

c. Resuscitation instructions.

d. Resuscitation equi pment (Resuscitube or equivalent).
e. First-aid kit.

f. Hi gh-voltage di sconnect (hot) stick.

g. Fifteen-foot (5 nm length of 4-inch dianeter (1 cm natural or
synthetic fiber rope.

h. Rubber gl oves.



i. Insulated fuse puller.

j. Nonnetallic flashlight.

k. Gounding stick.

|. Safety posters and bulletins.

m  Portabl e nonconductive warning signs with nonconductive hangers
(see paragraph 5).

n. Fire extinguisher (see paragraph 13).

5. SAFETY WARNI NG SI GNS/ DANGER TAGS. Thi s paragraph di scusses the use
of warning signs on high voltage equi pnent.

a. "DANGER--H GH VOLTAGE' Sign. "DANCGER--H GH VOLTAGE" signs
(figure 1-1 ) should be permanently placed on all fixed electrical
equi prrent where potentials of 500 volts or nore term nal -to-ground are
exposed. Signs should be placed in a conspicuous |ocation, generally on
t he outside of the equipnent.

b. "DANGER' Tag. "DANGER' tags (figure 1-2) should be used for
personnel and equi prent protection. The tags should be used when
personnel are required to work on or near equipnent that, if energized,
woul d cause personal injury or damage to equi pnent. Wen deenergi zi ng
el ectrical equi pment, "DANGER' tags should be put on all primry
di sconnecting devices and control conponents such as control swtches.
Each i ndi vi dual working on the deenergi zed equi prent and ot her personne
aut horized by the facility manager may attach tags; however, tags should
be removed only by the person who has placed and signed the tags. 1In some
ci rcunmstances, a "DANCER' tag may be rempved by another authorized person
after obtaining the verbal consent of the individual who has signed the
tag. This exception would apply to conditions arising fromshift changes,
illnesses, vacations, etc. Tags that are placed on equi pnent which is
exposed to the el ements should be nade ,of plastic or enclosed in
transparent plastic envel opes. Equi pnent bearing a "DANGER' tag nust
never be operated at any tine.

c. "DANGER' Tag Control. "DANGER' tags and | ocks shoul d be
controlled by the | eading electrical or maintenance supervisor at each
facility or other person authorized by the facility manager. The
procedure is initiated with the supervisor issuing "DANGER' tags for each
job. Each tag and correspondi ng stub has a uni que serial nunber printed
on both the tag and the stub. The recipient of the tags enters al
i nformation requested on the "DANGER' tags and stubs, including signature,
and proceeds to personally fasten themto the deenergized equi pment. Upon
compl etion, the technician notifies the supervisor who personally insects
all tag points to assure that the equipnment is safety isolated for repairs
or inspection. The supervisor's approval is then indicated by signing
each tag and stub. After the work is conpleted and equi pnent put back in
service, the "DANGER' tags should be renmoved and destroyed. The
correspondi ng stubs should be retained for a period of tinme designated by
the facility manager.



Figure 1-1. "DANGER H GH VOLTAGE" sign
Figure 1-2. "DANGER' tag.
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d. Locks and Padl ocks. Built-in | ocks on sw tchgear and
di sconnecting swi tches shoul d be used whenever the equi pnent is tagged,
and the keys should be returned to the supervisor responsible for their
control. Padl ocks need not be used if it is decided that use and contro
of such | ocks would be difficult because of the type of switchgear and its
| ocati on. However, padl ocks should be used with "DANGER' tags when
equi prrent or electrical lines remain out of service or electrical work has
been di scontinued until a |ater date. \When outside contractors are
i nvol ved, each contractor should attach and control tags and | ocks
i ndependent | y.

6. SAFETY TRAINING A safety training course should be established and
presented to all enployees. Followp training should be presented on a
periodic basis to ensure that enployees are safety notivated.

7. SAFETY BOARD | NSPECTI ON. The equi pnent | ocated on the safety board
shoul d be inspected as indicated bel ow

a. Rubber gloves should be tested in accordance with ASTM D 20,
Specification for Insul ated Rubber d oves. ASTM specifications may be
obt ai ned fromthe American Society for Testing and Materials, 1916 Race
Street, Phil adephi a, Pennsyl vania 19103

b. Testing may be perforned by qualified private testing | abs,
utility conpanies, and large mlitary or Federal establishnents.

c. Qdoves should be proof-tested at the follow ng intervals: in
daily use--30 days; infrequently used--180 days. d oves suspected of
havi ng defects shoul d be proof-tested; gloves received fromthe
manuf act urer shoul d be inspected and proof-tested.

d. Hotsticks shall be visually inspected for paint snears, carbon
paths, dirt snears, etc. , ahd cleaned, if required, prior to use.
Hot sti cks whi ch cannot be cl eaned and/or have significant surface-coating
ruptures should be resurfaced and tested.

NOTE: Certified rubber gloves and protective |eather gauntlets should
be worn whenever hotsticks are used.
8. SAFETY CHECKLI ST. A safety inspection should be conmpleted on a
mont hly basis to ensure that the safety boards contain all required itens
and that test equipnment is in a safe operating condition. The conpleted
checklist should be retained on file for at least 1 year

9. ELECTRIC SHOCK. An electric shock is the passing of an electric
current through a person. The ampunt of danmage depends on the anmpunt of
vol tage and current to which the person is subjected.

a. Voltages between 200 and 1000 volts at conmercial powerline
frequencies are particularly harnful since under these conditions heart
nmuscl e spasm and paralysis of the respiratory center occur in conbination
However, |ower voltages can also prove fatal, as evidenced by records of
deat hs caused by 32-volt farmlighting
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systens. The body response to current is as follows: 5-to-15mA stinulates the
nmuscl es; 15-to0-19 mA can paral yze the nuscl es and nerves through which it
flows; 25 mA and above may produce permanent danmage to nerve tissues and bl ood
vessels; 70 mA and above may be fatal.

b. The injurious effects suffered during electric shock depend upon
the path of the current through the body. The current path will take the
nost direct route through the body fromthe two points of contact. For
this reason, any current path which involves the heart or the brain is
particul arly dangerous. Therefore, keeping one hand clear of the
equi prrent will elimnate the possibility of a current path from
armto-arm

10. SOLDERI NG

a. Soldering can be a safe process if the hazards are recogni zed
and nornmal safety precautions are observed. The hazards include heat,
fire, shock, fumes, and chemi cals.

(1) Heat. Since soldering is a process which requires
heat, the danger of burns is always present. Burns can be received from
the primary source of heat (the torch or soldering iron), from expl osions
caused by open flames, and from handling sol dered netal s before they have
cool ed sufficiently. The nunber of burns can be reduced by adequate
trai ni ng of mai ntenance personnel

(2) Fire. dCosely associated with the danger of heat is the
danger of fire. The torch frequently used for general -purpose sol dering
presents a definite fire hazard. Fires can result fromthe carel ess
handl i ng of fl ame-heating devices or fromtheir use in the vicinity of
flanmabl e funes or |iquids.

(3) Funes. Volatile funes are an invisible hazard that may
damage both personnel and property. During the soldering operation, the
danger may be decreased by providing adequate ventilation. Conbustible
gases, such as acetylene, or funes from gasoline or al cohol present an
expl osi on hazard since they can be ignited by an open flanme or by a spark
O her funes may be dangerous to breathe; for example, funes from heated
fluxes and from degreasing |liquids can cause lung and skin irritations.

(4) Shock. Since electrical soldering equi prment is comonly
used, the possibility of an electrical shock is often present. Electrica
defects in soldering equi pnment and associ ated supply circuits may expose
the technician to dangerous voltages. This hazard can be m nim zed by the
use of equi pment in good condition.

(5) Chemcals. Chemicals which may present a health hazard are
used extensively in soldering fluxes and degreasi ng sol utions.
Noncorrosive fluxes present little problem but the alkalies and acids
used in corrosive fluxes may cause skin irritations and burns. Danger to
the eyes also exists since many of the chem cals are in liquid solutions,
and splashing or spattering may occur. The hazard presented by chem cal s
is slight if proper safety precautions are observed.
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b. Many precautions are conmmn to all types of soldering and
shoul d be observed to prevent injury or danage to property.

(1) Do not sol der electronic equipnent unless it is disconnected
fromthe power supply. Death can result fromcontact with a high-voltage
sour ce.

(2) Gound all equipnent to | essen the danger of electrica
shock.

(3) Gound electrical soldering irons and guns when feasible
and in accordance with the "National Electrical Code" handbook. G ounding
will mnimze the danger of electrical shock resulting fromdefective
equiprment. It will also reduce the danger of the sol dering equi prent
produci ng a spark in explosive areas. Gounding will also protect
sem conduct or deviced by neutralizing any differences in potential between
t he sol dering equi pnent and the sem conductors in transistorized
equi prent .

(4) Do not flip excess solder fromthe tip of a hot sol dering
iron. Bits of hot sol der can cause serious skin and eye burns; they may
al so ignite conbustible materi al s.

(5) Do not handle hot netals; allow the pieces to cool before
handl i ng.

(6) Select the proper working area for soldering. Choose a
wel | -ventilated | ocation away fromall fire hazards.

(7) Mechanically secure | arge workpi eces while they are being
sol dered. Severe injuries or burns may be received because of a filling
wor kpi ece.

(8) Wear the proper clothing and protective devices while
sol deri ng.

(9) Maintain a clean working area to prevent fires. Renove
conmbustible materials fromthe floor and fromthe surroundi ng area.

(10) Keep firefighting devices and first-aid supplies near the
sol dering area. All equipnent should be checked at regular intervals.

11. LI GHTNI NG

a. VWhen personnel are subjected to direct lightning strikes,
the results are nearly always fatal. Although extraordi nary escapes from
direct strikes have been reported, the shock is so great that survival is
rare. The major portion of lightning casualties arise from secondary
effects, such as side flashes and i nduced charges.

NOTE: First-aid treatnent, especially artificial respiration or
cardi ac-pul monary resuscitation, if admnistered in tine, may prevent
death from any but direct charges

b. The follow ng rules for personal safety should be observed,
i f possible, during any thunderstorm
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(1) Remain indoors unless absolutely unavoi dable. Stay
within a dry area of the building, preferably away fromall netal objects.

(2) If there is a choice of shelter, select the type of
shelter in the follow ng order:

(i) Large netal or netal -frame buil dings.

(ii) Dwellings or other buildings which are protected
agai nst | i ghtning.
(iii) Vehicles.

(iv) Large unprotected buil dings.

(3) I f remaining out-of-doors is unavoi dable, keep away from
the foll ow ng:

(i) Smal | sheds and shelters in an exposed | ocation
in particular, any which house power equi pnent.

(ii) Wre fences, antennas, supportingstuctures, or
i nes; whether telegraph, electric, or otherw se.

(iii) Hlltops and w de-open spaces.
(iv) lsolated trees.

12. TOXI C AGENTS. Toxic agents are poi sonous substances that can cause
injury by contact or ingestion. Substances terned "caustic" or
"corrosive" cause the flesh to be eaten away on contact; the results of
contact with these agents range frommnor skin irritations to severe
burns. There are materials that are toxic only if they are taken
internally. Toxic agents al so exist as a gaseous vapor and may be
injurious inmmediately or over a long period of time. There are also a
few substances used in el ectronic equiprment that are basically nontoxic
agents, but under certain conditions, can become highly toxic.

a. Carbon Tetrachl ori de. Never use carbon tetrachloride
contact with liquid carbon tetrachl oride destroys the natural oils
of the skin, producing a whitish appearance on skinsurfhces that are
exposed; continuous skin exposure may cause skin eruptions. Car bon
tetrachl oride funmes are highly toxic.

b. Trichl oroethyl ene. This agent, used principally as a
degreasing solvent, is a narcotic and anesthetic material. O ganic
injury rarely results from overexposure, but repeated overexposure

can cause anenmia and |iver danage.

C. Battery Acids. The nost conmon battery acid is sul phuric
acid. Sulphuric acid is a corrosive toxic agent; repeated or prol onged
i nhal ati on of its funes can cause inflanmati on of the upper respiratory
tract, leading to chronic bronchitis. Loss of consciousness W th
severe damage to the lungs may result frominhal ation of concentrated

vapors when the sul phuric acid is hot. The acid in a highly
concentrated form prior to adding water for battery use, acts as a
power ful causti c,



destroying skin and other tissue. This destruction appears as severe burns,
and such exposure may be acconpani ed by shock and col |l apse. The fumes from
hi ghly concentrated sul phuric acid cause coughing and irritation of the eyes;
prol onged exposure may produce a chem cal pneunonitis.

13. FIRE EXTINGUI SHERS. Fire extinguishers of the proper type, and in
good wor ki ng condition, should be conveniently |ocated near al

hi gh-vol t age equi pnent. Table 1-1 lists the types of fire extinguishers
that are normally avail abl e.

Table 1-1. Types of fire extinguishers.
Ext i ngui sher Uses

cox2 May be used on any fire, particularly
on electrical fires.

Soda- aci d May be used only on ordinary fires, as
liquid is a conductor of electricity.
Not effective on burning conpounds,

oil, etc.
Foam Very effective on burning conpounds,
oil, and simlar materials. Not

satisfactory for electrical fires,
as conmpound is a conductor of
electricity.

14. GROUNDI NG. Connections to groundi ng systens should never be renoved,
nor attenpts made to replace connections, until all power is renoved from
equi prrent and all personnel warned of the ungrounded condition of the

equi prent.  Appropriate warning signs should be displayed to warn
personnel of the possible hazards.

15. FIRST AID. First aid is what to do before the doctor cones. It is
never a substitute for nedical help. The maintenance technician

shoul d take the |ifesaving measures necessary in emergencies, but avoid
doing harm Many first-aid nmeasures are quite sinple and do not require
"split-second speed" in their application. Haste w thout know ng what one
i s doing can be worse than doing nothing at all. At other tines,

i medi ate action is essential to save a life or prevent serious
conmplications; this action can only be taken by someone who is on the
scene when minutes are vital. Learn about first aid before energencies
happen. Be prepared to give help safely and beneficially when necessary.
The Anerican Red Cross should be contacted to provide refresher first-aid
courses to mai ntenance personnel to keep them proficient.
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CHAPTER 2. MAI NTENANCE MANAGEMENT

16. MAI NTENANCE PHI LOSOPHY. The purpose of a mai nt enance managenent
systemis to ensure the maxi num availability of any given systemat a

m ni mum cost in man-hours or funds. "Availability" and "costs" are
relative terms; they must be interpreted for each airport. For exanple,
an 80-lanp runway edge lighting systemis still considered operational if

several lanps are out, while a visual approach slope indicator (VASI) nmay
be i noperative with one box out. By the sane reasoning, the cost of

mai ntai ning a spare regul ator may be consi dered prohibitive, while
stocking repl acenents for 10 percent of the runway edge |lights may be
consi dered normal practice. In addition, operational factors are a nmjor
consideration in determ ning what maintenance is required. Airports with
heavy jet traffic may require nore frequent maintenance servicing then
those used only by light aircraft. Regardless of the actual maintenance
routi nes deci ded upon, the follow ng el ements are essential to any
control |l ed mai nt enance program

a. Docunenting the service checks that conprise the maintenance
pr ogr am

b. Recording the performance of each mai ntenance action, schedul ed
or unschedul ed.

17. MAI NTENANCE SCHEDULE. Docunenting the mai ntenance schedul e by
spel ling out each item of routine maintenance is beneficial in severa
ways.

a. It allows planned allocation of man-hours to the mai ntenance
function.

b. It helps to establish spare part stock |evels.

c. It identifies the necessary maintenance routines to new

enpl oyees, decreasing training tine needed for systemfamiliarization.

d. It identifies to managenent the scope of the maintenance task in
terns of man-hours and materials requirenents.

18. MAI NTENANCE RECORDS. Maintenance records are an inportant part of
an effective maintenance managenent system They provide a service

hi story of each piece of equi pnent, ensure regul ar mai ntenance w t hout
duplication oe effort, and give a data base for statistical analysis of
lighting system performance. Wthout records, know edge gained from
regul ar inspections will not be retained, and preventive maintenance w ||
be difficult. An effective records system should allow for the recording
and retrieval of information with a mninmumof effort. The records system
shoul d conmpile data that will docunent the effectiveness of the

mai nt enance program By checking the records, a manager should be able
to determ ne whether a particul ar maintenance task i s being done too
frequently or not often enough. By such a trial-and-error process a

mai nt enance programuniquely tailored to the facility can be devel oped.

19. PREVENTI VE MAI NTENANCE PROGRAM  Reliabl e functioning of airport
visual aids is essential to airport operation. Therefore, it is essential
that a preventive mai ntenance program be established to ensure reliable
servi ce and proper equi pnent
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operation. Airport lighting is designed to be dependable and may continue to
operate for long periods of time even if maintenance is neglected. However,
some portion of it will eventually fail. |If failure occurs at a critical tine,
lives and property may be jeopardi zed. Visual aid maintenance should receive
high priority to prevent equi pnent failure, false signals, and deterioration of
the system

a. Installation and Material. The first elenent in a preventive
mai nt enance programis high quality, properly installed equipnent.
Preventive maintenance is difficult on equi prent that has been installed
haphazardly w t hout consideration of maintenance requirenments. Wen such
conditions exist, they should be brought to the attention of the proper
authority and corrected rather than trying to establish a preventive
mai nt enance programto conpensate for the condition.

b. Personnel. The second elenent in a preventive mai ntenance
programis trained experienced personnel. Mintenance personnel shoul d
have a t horough know edge of the equi prent, shoul d have experience with
hi gh vol tage, and should be able to nake careful inspections and necessary
repairs. Special training may be desirable, but nost well-qualified
el ectricians can be trained on-the-job if suitable supervision and
instructions are provided. Considerable experience with the equipnent and
its operation is desirable. These individuals should be present or
on-call during the operating hours of the airport to correct any
deficiencies that may develop. |In short, airport visual aid maintenance
personnel should be specialists in the field.

c. Tools and Test Equipnent. The third elenent in a preventive
mai nt enance programis the tools and test equi pnent required to perform
t he mai nt enance. This includes the proper tools, test equipnent as
described in chapter 3, adequate working space, adequate storage space
spare parts, and applicable technical manuals.

d. Preventive Maintenance Inspection Program The fourth elenent in
a preventive maintenance programis an effective preventive mai ntenance
i nspection schedule for each visual aid. The preventive maintenance
i nspection (PM) schedule is the foundation for the successful maintenance
of the equipnment. |If the PM is performed properly it will ensure top
system performance and will m nimze unschedul ed interruptions and
breakdowns. A review of the inspection records, checks, tests, and
repairs provides a constant awareness of the equipnent condition and gives
mai nt enance personnel advanced warni ng of inpending trouble.

20. PREVENTI VE MAI NTENANCE | NSPECTI ON SCHEDULE. Schedul ed i nspecti ons

and tests are those acconplished on specific types of equi pnent on a
periodic basis. The schedul e may be based either on cal endar or on
hourly-use increments. The PM schedul es contained in chapter 4 are based
upon reconmendations fromthe manufacturers and users of the equi pnent.
These PMs are considered to be the typical requirements to keep the

equi prrent in good condition. The frequency of a particular PM shoul d be
adjusted after experience is gained under |ocal operating conditions.

12



2l . RECORD RETENTI ON. There is no set period of tine that maintenance
records should be kept, but, in keeping within the goals nentioned above,
a period of twice the |ongest period recorded woul d appear to be m ni mum
(i.e., 2 years in the case of annual maintenance action). Recor ds of
daily inspection will, of course, lose their significance much sooner
probably within a nonth

22. REFERENCE LIBRARY. A reference library should be established to
mai ntain a nmaster copy of all equi prent technical manuals (ETM, advisory
circulars, as-built draw ngs, and ot her useful technical data.

a. Equi pment Techni cal Mnual s. Equi prent techni cal nanual s
and ot her manufacturer's literature forman inportant part of the
reference library. Two copies of all ETMs and rel ated manufacturer' s
l[iterature should be obtained. A naster copy is retained in the reference
library, and a xerox copy is provided for the shop. The master copy of
the ETM shoul d not be renoved fromthe reference |library as it can easily
becone m splaced or lost. In the event the shop copy is |ost, another
xerox copy of the ETM should be made fromthe reference library instead
of releasing the nmaster copy.

b. FAA Advisory Circulars. |Inportant reference information
on installation, design tolerances, and operation of visual aid equipment
may be found in FAA advisory circulars. A copy of the advisory circulars
covering the equi prent at the facility should be included in the reference
library.

c. Oher Technical Data. Oher reference information which is
occasional |y useful should also be added to the library. This m ght
i nclude |l ocal electrical codes, engi neer's handbooks, test equipnent
manual s, and ot her general information publications.

d. As-Built Drawings. It is recommended that the master copy
of all "as-built" drawi ngs be maintained as part of the reference library.
Modi fications to any equi pment shoul d be incorporated into the draw ngs
as soon as the nodification is conpleted. A copy of the
"as-built" lighting plan, showing the |ocation of all cable runs,
runways lights, etc., and including the wiring diagrans for the |ighting,
engi ne generator, and the visual aid system should be given to the field
techni ci ans as a worki ng copy.

23. SPARE PART PROVI SIONI NG  Thi s paragraph contains guidelines on how
to establish a stock of spare parts to be used for quick repair of
[ighting equi prent that fails unexpectedly. The purpose of a spare parts
systemis to have the necessary part on hand when a pi ece of equi pment
fails; this will mnimze the time the systemis out of operation.

However, the greater the nunber of spare parts stored, the greater the

i nventory costs. The optinmum spare part system bal ances the cost of
system downtime (|l ost operations, tenant i nconveni nece, etc.) with the
cost of purchasing and storing spare parts. A small airport with few
operations may suffer little inconvenience with the loss of their |ighting
system and nmay, therefore, choose to stock few spare parts. A |large
airport may rely heavily on its lighting system for bad-weat her operations
and woul d, therefore, require a substantial quantity of spare parts. Then
establishing a spare parts inventory, two
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guestions nust be answered: (1) Wat parts should be stocked, and (2) How many
of each part?

a. Choosing Spare Parts. To answer the two questions posed in the
previ ous paragraph, several factors nust be considered, including failure
rate, part availability, and effect of the part failure.

(1) Failure Rate. The failure rate (or replacenent rate) is
the product of the expected life of an item and the nunber of that item
in the system For instance, if a bulb is expected to |ast 6 nonths, and
we have 100 bulbs in the system then an average of 100 bulbs will be
repl aced every 6 nonths, or approximately four per week. The failure rate
pay be determ ned fromthe maintenance records, which should be conpiled
according to the instructions in paragraph 18.

(2) Part Availability. Part availability refers to the time it
takes to secure a replacenent part. This usually means procurenent |ead
time. |If a part can be readily procured fromshelf stock of a | oca
supplier, it mght not be necessary to add the part to the spare part
inventory; it could be purchased when needed. However, if there is a
6-week lead tinme required by the supplier, then six tines the weekly
failure rate (24 bulbs in the exanpl e above) should be stocked. There are
nmet hods of obtaining parts which may reduce the effect of a long | ead
time. These include substitution (the use of a functionally equival ent
part from anot her manufacturer), cannibalization (replacing one of a pair
of adjacent failed bulbs by "borrowing” a bulb fromel sewhere in the
system), and tenporary fixes (such as the use of portable lights in place
of the fixed light installation) while awaiting corrective maintenance.

(3) Effect of the Failure. The effect of the failure of a
particul ar spare part depends on how inportant the part is to the
equiprment it is installed in, and how vital the equipment is to airport
operation. The failure of a lanp in an edge light would not |lead to any
system downtime; the failure of a circuit board in a constant current
regul ator woul d cause the loss of the entire lighting circuit that it
powers. The equi pnent manufacturer will give guidance on reconmended
spare parts. As experience is gained with a system other parts may be
added or deleted fromthe inventory. The inpact of a part' s failure
shoul d be consi dered when buil ding a spare parts inventory.

b. Part ldentification. An inportant part of naintaining a spare
parts inventory is accurately catal oging the parts on hand by
manuf acturer's part number. This is inportant to ensure that the correct
part is used in a broken piece of equipnent; many optical parts are
visually simlar but vary significantly in performance. The use of the
manuf acturer's part nunber is also vital when reordering; if a part is
ordered by its generic name, the manufacturer may send a | ater version of
the part which is inconmpatable with the existing system It is extrenely
important to maintain manufacturer's data which reflects your equi pnent,
describing the type, nodel, nunber, and serial details.
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CHAPTER 3. ELECTRI CAL TEST EQUI PMENT

24. CGENERAL. This chapter describes several types of electrical test
equi prent used for mai ntenance of visual aid equi pment. The test
equipment is listed in order of relative useful ness. For maintenance
purposes, it is recomrended that every airport acquire at |least a
volt-ohmmillianmmeter and an insulation tester. These two units are
requi red for many mai ntenance routines and are useful for troubl eshooting.
Qperating instructions for the equipnent listed are contained in the
manuf acturer's manual supplied with the equi prent.

SECTION 1. VOLT-OHM M LLI AMVETER

25. CGENERAL. The volt-ohmmnilliameter (VOM, figure 3-1, is a highly
versatile piece of test equipnment that is capable of neasuring AC/ DC
vol t ages, resistance, and | ow values of DC current. The VOMis
particularly useful for checking control circuit voltage and checking the
continuity of circuit conponents. These readings help isolate the probl em
when troubl eshooti ng.

26. SAFETY. Safety nust al ways be consi dered when using the VOM Know
the voltage | evel s and shock hazards related to all equi pment to be
tested. Be sure that the VOM has been tested and calibrated. Portable
test instruments should be inspected and calibrated at | east once a year
Check the condition of the VOMtest |eads before making any measurenents
Ceneral safety recomendati ons for specific uses of a VOM are contai ned
in the manufacturer' s manual supplied with the equi pnent.

a. High-Voltage Measurenents. Never try to take direct voltage
readi ngs on power distribution circuits rated over 600 volts. Measurenent
of high voltage is acconplished by installing instrunent transformers and
neters.

b. Switch Settings. Wen naking voltage neasurenents on power and
control circuits, be sure that the neter selector and range switches are
in the correct position for the circuit under test before applying test
| eads to the circuit conductors. To prevent danmage to the nmeter novenent,
al ways use a range that ensures less than full-scale deflection of the
pointer. A 1/3-to-mdscale deflection of the pointer assures the nost
accur at e readi ngs.

c. Case Insulation. Do not hold the VOMin the hand while taking
the reading. Support the instrunment on a flat surface. |If holding the
VOM i s unavoi dable, do not rely upon the insulation of the case

SECTI ON 2. | NSULATI ON RESI STANCE TESTER

27. CGENERAL. The insul ation resistance tester, or negohmmeter, figure
3-2, ts used for testing insulation resistance-to-ground of underground
cabl es (paragraph 47); for testing insulation resistance between
conductors; and for testing resistance-to-ground or between w ndi ngs of
transforners, notors, regulators, etc

15



Figure 3-1. Typical vol-ohmmlliameters
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Figure 3-2. Insulation-resistance tester (typical)
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28. SAFETY.

a. Wen preparing to nake an insulation-resistance test, first nake
a conplete safety check. This includes nmaking certain that equipnment to
be tested is disconnected fromall power sources. All safety swtches
shoul d be opened, and other control equi pnent |ocked out so that the
equi prrent cannot be accidently energized.

b. If neutral or ground conductors nust be di sconnected, make sure
they are not carrying current and that, when di sconnected, no other
equi prrent will | ack protection.

c. (Observe the voltage rating of the tester and take suitable
precauti ons.

d. Large equi pnent and cables usually have sufficient capacitance
to store a dangerous amount of energy fromthe test current. After taking
resi stance readi ngs and before handling the test |eads, allow any energy
stored in the equipnent to discharge by |leaving the tester connected for
at | east 30 seconds before touching the |eads.

e. Do not use the tester in an explosive atnosphere. An expl osion
may result if slight sparking is encountered when attaching or renoving
test leads, or as a result of arcing through or over defective insulation

SECTI ON 3. HI GH RESI STANCE FAULT LOCATOR
29. CENERAL.

a. The high-resistance fault |ocator, figure 3-3, utilizes a
nodi fi ed wheat-stone bridge circuit in which the two sections of the
faul ted conductor (one on each side of the fault) conprise the two
external arms of the bridge. The remaining two arns of the bridge are
contained in the instrument. By use of a detector circuit of extrenely
hi gh i nput resistance, it is possible to |ocate high- resistance faults.
Wth this bridge arrangenment, faults having resistances fromO to 200
megohnms can be located within an accuracy well within +0.5 percent. A
typical error would be 6 inches (15 cm in 500 feet (150 m or +0.1
percent .

b. Due to the high sensitivity of this test set, a balance can often
be obtained with a good conductor. (The fault location will be indicated
as the center point of the conductor.) Such a balance would be due to
normal cabl e | eakage current and would result in a reading of
approxi mately 50 percent in a cable of uniforminsulation quality at a
uni form t enper at ure. For this reason, the existence of a fault should
be established by insulation resistance neasurenents before attenpting to
determ ne actual |ocation of the fault.

30. SAFETY. Before attenpting to make any connections, nmake sure that
al | exposed cabl es are deenergi zed.
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Figure 3-3. Typical high-resistance fault | ocator
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SECTI ON 4. CLAWMP- ON AMVETER

31. GENERAL. The cl anp-on ameter, figure 3-4, ts useful for neasuring
alternating current. Sone nodels are provided with plug-in leads to
permt the instrument to be used as a voltnmeter or as an ohnmeter.

32. SAFETY. The cl anp-on ameter reduces operator exposure to high

vol tages. However, the operator must observe normal safety precautions
to prevent coming in contact wth exposed conductors when taking current
r eadi ngs.

SECTI ON 5. CABLE ROUTE TRACER

33. CGENERAL. The cable route tracer, figure 3-5, is an electronic

i nstrunent designed for locating, tracing, and nmeasuring the depth of an
ener gi zed underground power cable. The instrunment can al so be used to

| ocat e underground transforners, T-splices, and ground faults on
unshi el ded cabl e.

34. SAFETY. Since the cable route tracer is used to trace cabl es which
are energized wth voltages that are hazardous and potentially Iethal
all persons making or assisting in tests must use all practical safety
precautions to prevent contact wi th energi zed conductors, termnals
or other equipnrent.

SECTION 6. | MPULSE GENERATOR/ PROOF TESTER
35. CGENERAL.

a. The impul se generator/proof tester, figure 3-6, is a conpact
signal unit contained in a nmetal case. The test set is conposed of an
i mpul se generator and an internal DC power source. The inpul se generator
contains a capacitor bank that is periodically charged fromthe DC source
and di scharged into the cable to formthe test voltage waveform

b. In the "inpulse" method of fault |ocation, the inpulse
generator repeatedly applies a high-voltage waveformto the defective
cable. This waveformtravels along the cable until it reaches the fault.
At the fault, the voltage causes significant current to pass through the
return path. This current, or its results, can be located and the fault
position along the cable | ength can be traced by an acoustic detector or
a directional detector which are discussed in sections 7 and 8 of this
chapter.

36. SAFETY.

a. The test set and the cable to which it is connected are a
source of high-voltage el ectrical energy, and all persons perforning or
assisting in the tests mnust use all practical safety precautions to
prevent contact with energized parts of the test equi pnment and associ ated
circuits. Persons actually engaged in the test nmust stand clear (by at
least 3 feet (1 m) of all parts of the conplete high-voltage circuit
unl ess the test set is deenergized and all parts of the test
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Figure 3-4. Typical clanp-on ameters
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Figure 3-5. Cable route tracer.
Figure 3-6. Typical inpulse generator/proof tester.
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circuit are grounded. Any person not directly associated with the work nust

kept away fromtest activities by suitable barriers, barricades, or warnings.

b. Hi gh-voltage inpul se waveforns and resul tant current pul ses
create special safety problenms. A large, rapidly changing current, even
across snall values of inpedance, can generate dangerous voltage |evels.
The test set design provided two distinct ground systens--the apparatus
case ground and the surge ground. The apparatus case ground, which nust
be connected to a good | ocal ground, is designed to protect the operator
by preventing a difference of potential between the apparatus case and the
ground in the inmediate vicinity. The surge ground is designed to return
the inpulse current back to the capacitor. This surge ground lead is a
continuation of the output cable shield and shoul d not be extended.

c. On termnation of a test, even after power has been renoved from
the test set, energy can still be stored in the capacitor bank and cabl e
For this reason, a manual ground is included in this equipnment. The
voltmeter resistor will gradually reduce such stored energy to a safe, |ow
| evel. Then the manual ground nust be closed to place a direct short
circuit across the capacitor bank and the cable under test. It is
reconmended that, before renoval of the test set, a ground bond be placed
across the cable under test and that this bond remain in place unti
access to the cable is again required.

d. If the test set is properly operated and all grounds correctly
made, no rubber gloves are necessary. As a routine safety procedure,
however, sone users required the use of rubber gloves not only in making
connections to the high-voltage termnals but also in manipulating the
controls. This is an excellent safety practice.

SECTION 7. ACQUSTI C DETECTOR
37. CGENERAL.

a. The acoustic detector, figure 3-7, is a unique
i nstrunentation system designed to detect the intensity of pul sed sound
waves in the earth. It is primarily used with inpulse generators to
| ocate faults in direct-buried electric cables by tracing the sound
emtted fromthe fault when the inpul se generator causes it to arc

b. The set is designed for use in all weather and can easily
be carried by the operator to any field location. A sturdy carrying case
is provided for storing and transport.

c. 1In use, the operator places a pickup elenment on the ground
and listens for the characteristic "pop"” or "thunmp" in the earphones, then
noves along the Iine toward the |ocation of the | oudest sound. The set
has a calibrated sound intensity nmeter which is used to nmake a fina

preci se location of the point of maxi mum sound, which is directly over
the fault. The nmeter is also sometinmes found to be nore sensitive than
the ear in detecting a very weak signal. The neter and a solid-state

anplifier are contained in a |ightweight conpact housi ng which can be
carried by a strap around the neck, leaving the hands free to operate the
i nstrunent.
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Fiure 3-7. Typical acoustic detector.

d. An inmportant feature of the detector is the inpul se indicator.
This is an entirely separate system which detects the current pulse as it
is applied to the faulted cabl e and gives a visual signal to the

operator. Wen the operator is at a distance fromthe inpul se generator
and cannot see or hear it operating, the indicator gives assurance that
the inpul se generator is operating. |In addition, the indicator tells the
operator exactly when to listen for the "thunmp" and watch the neter. This
is nost useful in areas of high background noise. The inpulse indicator,
complete with its magnetic antenna, is included in the main anplifier

housi ng.

e. Asinplified diagram show ng how the acoustic detector is used
to detect a fault is shown in figure 3-8.

SECTI ON 8. DI RECTI ONAL DETECTOR
38. GENERAL.

a. The directional detector, figure 3-9, neasures the direction and
magni t ude of short duration current pul ses from capacitor-discharge
generators. It is used for locating faults between conductors or between
a conductor and shield in underground power cables.
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Figure 3-8. Use of the acoustic detector.

b. Wth the selection of two magnetic pickups and one
conductive pickup, it can be used to locate faults in shielded or
unshi el ded cabl es, direct buried or in duct. The nagnetic pickups give
a general l|location of the fault; nore accurate |ocation of unshiel ded
direct-buried cables is possible with the conductive or earth-gradient
pi ckup.

c. The test set is also effective for tracing buried cabl e,
giving a precise fix on both |ocation and depth. 1In addition to
i mpul se detecting, the test set, can be used for tracing buried cables
energi zed at frequenci es between 60 and 1000 Hz.

d. Finally, the test set includes a separate high-inpedance
voltmeter circuit for locating high-resistance earth faults in
direct-buried cables energi zed at 60 Hz, using earth-gradi ent probes.

e. The test set is designed to give optinmmresponse to the
typical current inpul se waveform produced in a cable by a capacitor
di schar ge. The test set measures the strength and direction (polarity)
of the magnetic field created by the inmpul se current. The test set
not only indicates the presence or absence of an inpulse current in the
vicinity, but also its direction and nagnitude. This information is
valuable in fault |ocating.
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Figure 3-9. Typical directional detector.
e. The test set consists of an anplifier unit; sheath pickup coil
surface pickup coil; and earth gradi ent probe frane.

(1) Anplifier Unit. The anplifier unit contains the
el ectronics, the battery, the output nmeter, and the controls.

(2) Sheath Pickup Coil. This unit is a "C shaped” iron core
and coil molded into a solid rubber assenbly. It is designed for optinum
pi ckup of the small, high-frequency magnetic field surrounding a cable and

sheath and has the ability to accurately pick out the one of three
conductors inside the sheath which is carrying the test inpulse current.

(3) Surface Pickup Coil. This is a ferrite rod antenna
enclosed in a protective tube. It is held in a T-bracket at the end of
a telescoping alum numrod with rubber handle grip. This pickup is
desi gned specifically for detecting the magnitude and direction of inpulse
current magnetic fields. The T-joint is hinged and detented for
positioning at 00, 450, and 900 to permit easy location of maxi mum and
m ni mum si gnal s and, thus, |ocation of the cable.

(4) Earth Gradient Probe Frame. This is a rigid tubular frame
supporting two stainless steel probes at a fixed separation of 20 inches
(50 cm which provides a neans of detecting voltage differential along the
surface of the earth. Each probe is wired through a connecting cord to
a plug. The frame is insulated for operator safety.
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39. SAFETY.

a. The inmpul se generator used with this directional detector
and the cables to which it is connected may be a source of high-voltage
el ectrical energy, and all safety precautions listed in section 6 on
i mpul se generators should be foll owed. Wen the directional detector is
used with the earth gradi ent probes, care nust be exercised to avoid
contact with any energi zed equi pment or cables, whether on the surface or
buried or whether energized by the inpul se generator or the powerline.

b. A hazardous voltage may occur at any of the foll ow ng
| ocations:

(1) At or near connections to inpulse generator, including
earth or earthed conductors in the vicinity.

(2) At any other term nal of the cable or connected
equi prent .

(3) At or near the fault where earth voltage gradi ents may
exist. The fault location is unknown, so caution nust be exercised al
al ong the buried cable run.

c. Any persons not directly associated with the work nust be
kept away fromthe danger area by suitable barriers, barricades, or
war ni ngs.

d. After the faulty section of cable has been isolated, the
mai nt enance el ectrician should use a cable fault |ocator to pinpoint the
actual location of the fault.

SECTION 9. PORTABLE O L TESTER
40. GENERAL.

a. The portable oil tester, figure 3-10, is used to test the
oil in large transforners.

b. The oil is the key to the length of life of a liquid-filled
transfornmer. The oil provides the electrical insulation and conducts heat
away fromtke wi ndings

c. The oil should be sanpled and tested as indicated in
par agr aph 51.

41. OPERATI ON.

a. To test the oil in a large transformer, sanples are taken
fromboth the top and bottom of the transforner and poured into the oi
tester so that the oil covers two el ectrodes separated by a small gap.
Ol fromcircuit breakers is tested in a simlar manner.

b. Next, a high voltage is applied across the el ectrodes,
gradual ly increasing up to 22 kilovolts (kV).
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Figure 3-10. Typical portable oil tester.

c. If the oil can withstand a voltage of 22 kV, it is in good
condition. Sparking across the electrodes indicates that the oil should
be changed or filtered.

d. Do not use or add any type of oil that has not been approved by
the manufacturer of the transfornmer. |If the oil |evel changes appreciably
fromthe normal range for the operating tenperature, the cause should be
identified and necessary repairs nade.

e. As little as ten parts per mllion of water in the oil wll
reduce the dielectric strength bel ow a satisfactory value. Breathing of
a transfornmer through a defective seal may bring in enough noisture to
cause a problem Exposure to air or excessive tenperatures may cause

formati on of sludge. |If enough sludge and water accurmulate in the oil
the entire oil supply may require filtering to gain acceptable dielectric
strength. |If too nmuch water gets in the transforner, it may require
drying out.

SECTI ON 10. GROUND- RESI STANCE TESTER
42. GENERAL.

a. The ground tester, figure 3-11, is used to neasure the
ef fectiveness of grounding systens. It does this by neasuring the
resi stance between the groundi ng systemand the earth ground. The
groundi ng systemin question nmay be used for beacon towers, |ighting
vaul ts, engine generators, and for other visual aids, or it my be a
count er poi se system for underground cabl es.

28



b. The maxi mum acceptabl e ground resistance is 25 ohms. It is
preferable that the resistance be 10 ohns or |ess.

c. In many locations, the water table is gradually falling. 1In
t hese cases, the ground el ectrode systens that were effective when
initially installed are no | onger effective. This enphasizes the
i nportance of a continuous programto periodically check the grounding
system It is not sufficient to check the grounding systemonly once at
the time of installation.

Figure 3-11. Typical ground resistance tester

43. SAFETY. A grounding systemis a very inportant integral safety
feature in airport lighting systens. 1In order to be effective, the
groundi ng system nust have a very | ow resistance-to-ground. The higher
the i nherent resistance of the grounding system the greater the voltage
that can build up on a "grounded" chassis or frane. VWhen this built-up
vol t age di scharges through a person, injury or death may result. For this
reason, the effectiveness of the groundi ng system nust be checked

regul arly.
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CHAPTER 4. PREVENTI VE MAI NTENANCE

44. CGENERAL. This chapter discusses the preventive mai ntenance program
for the visual aid facilities and equipnent. |t contains a preventive

mai nt enance i nspection schedule (PM) for each major item of equi pnent

Wi th step-by-step instructions for performng the PM. The PMs establish
a reconmended routine which may be altered to suit |ocal conditions.
Ceneral troubl e-shooting procedures for airport lighting systens are
contained in chapter 5. Corrective maintenance procedures for specific
equi prrent will be found in the manufacturer's operating and mai nt enance
instructions and are not included in this advisory circular.

SECTI ON 1. ROTATI NG BEACONS

45. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. To performthe PM s
contained in table 4-1, proceed as foll ows:

a. Daily Checks.

(1) Check the operation of beacon. Verify beacon operation
from dusk to dawn.

(2) Count the revolutions per mnute (rpm of beacon; should
be either 6 or 12 rpm+ 1 rpm dependi ng on equi prent type.

(3) Check telltale indicator lanp to see if it is illumnated
If it isillumnated, it indicates that the beacon is operating on the
reserve (spare) lanp. The burned-out |anp should be replaced i mediately.

b. Binonthly Checks.

(1) Lamp-changer. Check the operation of the |anmp-changer
Deener gi ze the beacon circuit and renove the operating lanp fromits
receptacle. Energize the beacon circuit and observe that the beacon
changes to the reserve | anp. Deenergize the beacon circuit and reinstal
the I anmp previously renoved

(2) Slip Rings. Check the condition of the slip rings and
brushes. Cean the slip rings and brushes with a cloth noistened with
trichloroethylene. |f sparking or pitting has occurred, snooth rings
according to manufacturer's instructions. Avoid sanding, if possible;
sandi ng produces a raw copper surface which shortens brush life. If the
slip rings are deeply pitted, replace or have themturned down. Repl ace
worn out brushes.

(3) Cdutch. Test the clutch torque by hooking a spring scale
in one of the handles on the side of the housing.

(4) Lens Retainer. Check the clanps or screws that secure
t he beacon lens (or cover) in place to be sure they are tight, and the
lens is properly seated.

(5) Telltale Light. Check the telltale light for a burned-out
bul b. O ean gl assware.
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Tabl e 4-1.

beacons.
Mai nt enance requi rement
1. Check for beacon operation; count rpm
2. Check telltale indicator lanp for reserve |anmp status.
3. Check operation of the | anp-changer.
4. Check slip rings and brushes.
5. Test the clutch torque.
6. Check | ens retainers.
7. Check telltale indicator |anp.
8. Check operation of relays.
9. Cean and polish gl assware.
10. Check and record input voltage.
11. Check lanmp focus and beam el evati on.
12. Lubricate main shaft, notor, ring gear, and padl ocks.
13. Check operation of electrical switches and contacts.
14. Check lightning arresters and groundi ng system
15. Check power neter.
16. Check level of base.
17. Cdean and regrease gears.
18. Inspect wiring, lugs, and conduit.
19. Check weat herproofing and gaskets.
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(6) Relays. Check the operation of the relay and cl ean rel ay
contacts if they are pitted or show evidence of poor contact. Replace
relay if points are badly pitted.

(7) dassware. Cean and polish all glassware, both
i nside and outside, using a type of cleaner which does not scratch the
| ens.

¢c. Sem annual Checks.

(1) Input Voltage. Check the input voltage and record the
reading. It should be within 5 percent of the rated | anp voltage. Too
hi gh a voltage causes | anmp burnouts; too |ow a voltage causes |ight output
to be inadequate. The nmeasurenent should be made at the beacon | amp
termnals with all field equipnment energized in order that the voltage
reading will reflect operating conditions. Beacon |anps are very
sensitive to voltage changes. A drop of 10 percent will reduce the |ight
out put 31 percent while a rise of 10 percent will shorten the lamp life
72 percent. Voltage regulation on airport power service is often quite
poor, and frequently power supply conditions change so that the existing
voltage is different fromthat measured at the tinme of installation. This
is one of the nmbst common causes of short-lived beacon lanps, and it is,
therefore, inportant that the voltage ratings of the |anps used correspond
closely to the actual prevailing supply voltage. If the voltage is out
of tolerance, contact the power conpany to correct the situation, or
install a conpensating device such as an autotransformner.

(2) Lanp Focus and Beam El evation. Verify that beacon beamis
narrow, well defined, and projects horizontally. |If beamelevation is
di spersed and/or projects other than horizontally, focus and beam
el evation shoul d be adj ust ed.

(3) Lubrication.

(i) Vertical Main Shaft. Beacons supplied with a
grease-gun fitting should be lubricated twice a year under ordinary
operation. Use a high-quality, |owtenperature silicone grease (ESSO #325
or equivalent).

(ii) Motor. If the notor is supplied with oil cups,
| ubricate with SAE 20 oil. If there are no oil cups, the bearings are
seal ed and do not need servicing.

(iii) Ring Gear. Apply a snmall anmount of grease (ESSO #325
or equivalent) to the ring gear.

Caution: The use of an excessive anpunt of grease will result
in its dropping down upon the slip rings and causing
poor contact and arcing.

(iv) Padl ocks. Any padl ocks should be lubricated with dry
graphite powder or equivalent.

(4) Switches. Check the operation of electrical swtch
bl ades and clips for good contact. Sw tches should have tension between
t he bl ades and hi nges, but mnmust also be free to nove. Loose-fitting
hi nges or clips will cause overheating
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and deterioration of the switch parts. Severe overheating can usually be
detected by a bluish color of the switch part affected.

(5) Lightning Protection System Check the lightning rod
connections for tightness. Check and record the ground resistance.
Compare the reading with previous ground resistance checks. Reading mnust
be less than 25 ohns. |If the reading exceeds 25 ohms, imedi ate action
nmust be taken to correct the grounding problem

(6) Watt-Hour Meter. No maintenance of the watt-hour neter
is required as it is generally the property of the power conpany servicing
the site. However, it should be observed for creeping under "no | oad" as
this indicates a faulty neter or a ground in the circuit. |If this
condition is noted, check the wiring to busbar, and if no short-to-ground
is noticed, request the power conpany to repair or replace the neter
Check the neter |ead connection for tightness and keep out-side of neter
cl ean.

d. Annual Checks.

(1) Base Level. Check the |evel of the beacon by placing a
I evel on the leveling base. Renove all paint or other material to assure
a true level. Loosen holddown bolts and insert or renmpve spacers as
required for proper level. Check the |level of the beacon in four

directions. Be sure to tighten down the base

(2) Gears. Renove the old grease fromthe gears by washi ng
wi th kerosene. Wen installing new grease, observe the caution statenent
above.

(3) Wring, Electrical Connections, Conduit, and Rel ays.

(i) Wring. Inspect for abrasions, breaks, and
| oose connections. Repair or renew w ring when necessary. Al repair
pat ches shoul d be covered with suitable insulating cement. Check the
position of the wiring and, if necessary, reposition to maintain a neat
appear ance.

(ii) Term nal Lugs. Check terminal lugs for tight
el ectrical connection. The flat portion of the lug should be cl ean and
free of corrosion for good electrical contact. M nor deterioration of
electrical wire insulation at the termnal lug may be repaired with tape
Use Scotch Brand No. 88 or equivalent. Insulating cement may be used
to secure the tape

(iii) Conduit. Inspect conduit for |oose supports and
connections. Replace broken brackets.

(4) Weatherproofing and Gaskets. Check the condition of
t he weat her-proofing and gaskets. Gaskets should be replaced when cracked
or deteriorated. Before installing new gaskets, clean the gasket channels
and seats thoroughly. Wen it is necessary to secure the gasket with
rubber cenent, both the gasket and seat should be coated with appropriate
cement and permitted to dry until tacky before the gasket is positioned.
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SECTI ON 2. W ND CONE ASSEMBLI ES

46. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. To performthe PM s
contained in table 4-2, proceed as foll ows:

a. Daily Checks.
(1) Visually check to see that the lights are burning properly
each night. If the lanps burn dimy, the voltage is probably too | ow
If the | anps burn out too frequently, the voltage is probably too high.
The vol tage should be 120 volts +5% volts AC

(2) If a photocell is used, cover it and verify that the lights
turn on.

b. Mnthly Checks.

(1) Check the cone assenbly to see that it swings freely
t hroughout the 3600 travel. |If the wind is not sufficient, swing the cone
down to the servicing position and manual ly check the freedom of novenent.
If the cone assenbly does not nove freely, the bearings are probably bad
or need |ubricating.

(2) Check the condition of the wind cone fabric. The fabric of
the cone should be carefully exam ned at cl ose range. The fabric
shoul d be conpletely replaced when it is badly worn, rotted, or soiled.

c. Binonthly Checks.

(1) Al of the lanps should be replaced after 80 percent of the
rated life and prior to 90 percent of the rated lamp life.

(2) The gl obes shoul d be cl eaned when repl acing the | anps.

(3) Check paint of segnmented circle and repaint as necessary.

d. Sem annual Checks.

(1) Check the bearings to see if they need lubricating. An

application of a light grease should be sufficient. |In areas exposed to
severe dust, clean the bearings with kerosene and repack with a |ight
grease. In freezing weather, the grease becones very viscous and action

of the wind cone in light winds will often becone sluggish. During such
weat her, it may be necessary to conpletely clean the bearings of grease
and lubricate themwith a light oil

(2) Take an insulation reading of the underground feeder cable
and record the results. Conpare with the previous reading. Wen the
readi ngs fall bel ow 25,000 ohms, the cables should be repaired or
repl aced.
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Tabl e 4-2.
1. Check
2. Check
3. Check
4. Check
5. Check
6. Cean
7. Check
8. (Jdean
9.
10.
11. Check
12.
13.
14.

Preventive mai ntenance inspection schedule for w nd cones.

Mai nt enance requi rement
| anp operati on.

phot ocel | operati on.

for freedomof notion of wi ndcone frane.

condition of wind cone fabric.

| anp age for schedul ed repl acenent.
gl asswar e.

pai nt on segnented circle.

and grease bearings.

Read i nsul ati on resi stance.

Check nounting bolts.

W ring at hinge.

Check groundi ng system resi stance.

Check paint on wi nd cone structure.

Renove veget ati on.

36

Dai l y

Dai l y
Mont hl y
Mont hl y

Bi Mont hl y

Bi Mbnt hl y

Bi Mont hl y
Sem Annual |y

Sem Annual |y

Annual |y
Annual |y
Annual |y
Annual |y

Unschedul ed



e. Annual Checks.

(1) Check the assenbly base securing bolts for tightness.
Ti ghten, as required

(2) Check the wiring at the hinged area. |f frayed, repair or
repl ace wring.

(3) Check the ground system for |oose connections.

(4) Test the resistance of the groundi ng system as described in
par agr aph 47.

(5) Check the condition of the paint on the wind cone structure.
Touch up or repaint as required.

f. Unschedul ed Mai ntenance. Renove growth in the vicinity of
the segnented circle.

SECTI ON 3. Al RPORT LI GHTI NG VAULT

47. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. To performthe PM s
contained in table 4-3, proceed as foll ows:

a. Daily Check. Check the operations of all controls.
b. Binonthly Checks.

(1) deanliness. Check the general cleanliness of the
vault. Sweep out the vault regularly. Keep it free fromdust, dirt,
sand, spider webs, insect nests, et c.

(2) Moisture. Check for any collection of noisture. |If
there is a drain in the floor, make sure that it is operating properly.
Mop up noisture fromthe floor.

(3) Screens. Check screens on all ventilators. Repair or
repl ace, as necessary, to keep out wasps and ot her nest-building insects.
Check operation of ventilation fans.

(4) Storage. Check vault for inproper use as a storeroom
Avoi d storing spare parts, rags, etc., near the high-voltage
equiprment. If the vault has an attached room use this roomfor storing
spare | anps, fuses, rags, spare parts, etc

(5) Insul ation-Resistance Test. Perform an
i nsul ati on-resi stance test on all field circuits. Record the
readi ngs, and conpare themw th the previous readings. For series
circuits, the insulation resistance may be neasured by sinply renpving the
ends of the loop fromthe power supply. For parallel circuits, al
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Tabl e 4-3.
airport lighting vault.

Mai nt enance requi rement

Check control operation.

Check general cleanliness.

Check insul ation resistance.
Check input voltage.

Check ground resistance.

I nspect and cl ean buses.

Check rel ay operati on.

Check oil fuse cutouts.

Check oil sw tches.

Operate power transfer sw tches.
Check control panel.

Check photoel ectric swtch.
Check astronomic tine swtch.
Check radi o-control of lighting equipnent.

Check lightning arresters.

I nspect m scel |l aneous el ectrical hardware (fans).

Check oil dielectric.
Pai nt equi pnent as necessary.
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connections nust be renoved before insul ation resistance may be neasured.
There is no absolute ideal value for the loop circuit resistance since the
resistance is higher in shorter circuits and lower in |longer ones. The
circuit resistance may al so change with the anount of noisture in the
soil. Operating the system before neasuring insulation resistance may

al so affect the value since noisture will be driven out of the circuit by
the heat of operation. For this reason, the insulation resistance should
be nmeasured at the same tinme of day to minimze these variations. The
inmportant information is the deterioration of the resistance value from
nmont h-to-nonth and year-to-year. The resistance value inevitably declines
over the service life of a circuit; a 10-20 percent yearly decline is
normal . A yearly decline of 50 percent (4 percent nmonthly) or greater

i ndi cates the existence of a problem (such as a high resistance ground)

or serious deterioration of the circuit. The maintenance supervisor
shoul d consider troubl eshooting the circuit (chapter 5) to | ocate the
problem A table of typical initial values for loop circuit resistance

is provided in table 4-4.

Table 4-4. Table of initial resistance values versus circuit |ength.

Suggested m ni mrum resi stance to

Circuit length in feet ground i n megohons
10, 000 or |less 50
10, 000- 20, 000 40
20, 000 or nore 30

(6) Input Voltage. Measure the input voltage to the vault.
Thi s neasurenent should be repeated every few hours throughout the
day and ni ght since the demand on the commrercial power network varies
t hroughout the day. The input voltage may consequently vary w dely
t hroughout the day. Record the input voltage of each phase for future
reference. |If it is out of tolerance, contact the power conpany and have
them correct the probl em

cC. Sem annual checks.

(1) G ound Resistance. Perform a ground-resistance
measur ement for each item of equipnent using a ground resistance tester
(par agraph
41) or a volt-ohmmlliamreter (paragraph 25). Record the readings and
conmpare with previous readings to discover deterioration in the groundi ng
system The | ower the resistance value, the better; a value of 5 to 10
ohms is desirable. |If the resistance is greater than 25 ohns, imedi ate
action nust be taken to | ower the resistance.
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(2) Primary Hi gh-VoltaRe Buses and Ground Buses. Check the
hi gh-vol tage bus installation with particular attention to the condition
of the insulators, supports, and electrical connections. Keep the bus
i nsul ators wi ped free of dust or any other deposits. Check the ground bus
carefully throughout its entire length. [If the bus or any ground
connection to the bus is broken, nmake i medi ate repairs. Deenergize the
system before cleaning or repairing the bus.

(3) Relays. Inspect the protective relay, runway-sel ector
rel ays, and auxiliary relay panels when servicing the vault equi pment.
Check the operation of these devices, clean the contacts, adjust release
springs, and check contact arnms and dashpots. Replace all unserviceable
parts.

(4) QI Fuse Cutouts. Check operation and electrica
connections of the oil fuse cutouts. Check the contacts and check the oi

level. Add oil when necessary. |If fuses with replaceable |inks have
failed, replace themw th fuse Iinks especially manufactured for this
pur pose rather than string fuse wire. |If the oil fuse cutouts have a

manual operating |lever, check the operation of the | ocking arrangenent.

Be sure the manual operating handle is | ocked in the "OFF" position
bef ore servicing vault equi pment that is being supplied through the oi
fuse cutout.

(5) QI Switches. Check the operation of the oil switches. Be
sure that the noveable handle on the oil switch, which has three
positions, "MANUAL OFF," "MANUAL ON," and "AUTOMATIC', is in the
"AUTOVATI C' position at all times. This allows the switch to be renotely
controlled. Check the contacts and oil |evel and service when necessary.

(6) Power Transfer Switches. Check operation of power transfer
switches. Check contacts for dirt or corrosion

(7) Control Panel. In sonme cases, an auxiliary control
panel is installed in the vault, or an outdoor-type control panel is
installed on an outside wall of the vault. |In such cases, carefully check
the operation of all parts of the panel. dCean all contacts and nake sure

all electrical connections are in good condition. Cean the interior of
t he panel carefully.

(8) Photoelectric Time Switch. |f a photoelectric time switch
is installed, it should be maintained according to the manufacturer's
instructions. The light |evels should be checked with a photographic
light neter to ensure that the control turns on and off at the proper
anbient light levels (see appendix 1, table 8).

(9) Astronomic Tine Switch. |If this switch is installed, it
shoul d be serviced according to the manufucturer's instruction book
I nspect the operation, check clock, clean notor comrutator and main swtch
contacts, and check all electrical connections. As this is a precision
i nstrunent, repairs should be made by the manufacturer or his authorized
service representative
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(10) Radio-Control of Airport Lighting. Check the operation of
radi o-controlled airport lighting by keying a portable transmtter and
observing the actuation of the switching mechanism |If a fault is
detected, follow the manufacturer's recomendati on for repair or
repl acement.

(11) Lightning Arresters. Check the lightning arresters for
bur ni ng, scorching, or other signs of failure. Lightningarresters should
be inspected for damage after each lightning stormin the area

(12) M scellaneous. Inspect all miscellaneous vault itens, such
as circuit breakers, term nal bl ocks, potheads, vault lights, sw tches
etc. Make sure they are clean and all connections are tight.

d. Annual Checks.

(1) Dielectric Checks. Performdielectric tests on oil in
oil-filled equi pment such as circuit breakers, regulators, and
transfornmers as described in paragraph 51.

(2) Paint. Check the condition of the paint on the equi pnent
and vault. Repaint as necessary.

48. RECOMMVENDED VAULT PROCEDURES.

a. Airport Plan. An airport plan should be permanently posted in
the vault to aid in testing and troubl eshooting the field circuit | oops.
This airport plan (preferably behind glass) shows the field | ayout, marked
with the location of all lights, cable runs, cable splices, and visual aid
equi prent .

b. Schematic Diagram Up-to-date diagrans of all power and contro
circuits should be displayed in the vault. Both a schematic di agram
which is a synbolic depiction of the logic of the circuit, and a wiring
di agram which is a detailed | ayout showing all wres and connecti ons,
shoul d be di spl ayed.

c. Vault Security. The vault should be kept |ocked, except during
mai nt enance, to keep unauthorized personnel out. Contact with the
hi gh-vol tage buses in an airport lighting vault is nearly always fatal.
Only aut hori zed personnel, experienced in the hazards of high voltage,
shoul d be allowed in the vault.

d. High-Voltage Warning Signs. High-voltage warning signs, as
descri bed in paragraph 5, should be promnently displayed at appropriate
| ocations.

e. Safety Board. Safety boards, as described in paragraph 4,
shoul d be installed in the vault.
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SECTI ON 4. RUNWAY AND TAXI WAY EDGE LI GHTI NG SYSTEMS

49. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. To performthe PM s
contained in table 4-5, proceed as foll ows:

a. Daily Checks.

(1) Performa visual inspection of the systemat twlight or night
each day. This inspection should consist of a driving patrol to visually
check for dimy burning bul bs, burned-out |anps, and for fixtures out of
alignment. The | ocations of such fixtures should be recorded and
corrections should be nade as soon as possible. Replace dinmy burning
| anps and burned-out | anps when the systemis dea
activat ed.

(2) Repl ace broken lenses with proper type and color. Ensure |enses
are properly oriented with respect to the runway according to marking on
top of lenses. Split lenses or filters should be installed where
requi r ed.

b. Weekly Checks.

(1) During the grow ng season, check for grass, dirt, and weeds
around the lighting units. Vegetation should not block the pilot's view
of the light. Gowh can be controlled by using an effective weed killer
by use of diesel fuel, or by pouring a ring of concrete around each
fixture.

(2) Check lenses for cleanliness and clean as required.

c. Monthly Checks.

(1) Check the orientation of all lenses. This
check should be made by viewing the lights at night. M saligned |ight
units will appear dimrer or brighter than those that are properly aligned
The | enses may get out of adjustnment when replacing | anps or when nowers
and ot her vehicles strike the elevated |ights.

(2) Straighten, level, and align all lighting units that have been
knocked out of alignnent.

(3) Check lamp sockets for cleanliness and good el ectrica
connections. |If noisture is present, replace the fixture gasket.

(4) Inspect and clean the weep holes in the frangi ble coupling of
st ake-mount ed | i ghts.

d. Sem annual Checks.

(1) Check the ground el evation around lighting fixtures. The
frangi bl e point should be approximately 1 inch (2.5 cm above the ground
el evation. Gade around fixture where necessary to maintain this
fixture/grade relationship. Also, maintain the elevation of all lights
t he same hei ght above the runway/taxi way
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Table 4-5. Preventive mai ntenance inspection schedul e for
runway and taxiway edge lighting systens.

Mai nt enance requi rement

1. Inspect for outages; repair as necessary. Dai |y

2. Check for vegetation grow h. Weekl y

3. Check cl eanliness of |enses. Weekl y

4. Check light alignnent and orientation. Mont hl'y

5. Cean fixtures and sockets. Mont hl'y

6. Check light elevation. Sem Annual |y
7. Check for noisture in lights. Sem Annual |y
8. Check for rust, paint deterioration. Sem Annual |y
9. Inspect fixture for deterioration. Annual |y

10. Check cabl e insul ation. Annual |y

11. Check gaskets. Annual |y

12. Renpve snow from around |ights. Unschedul ed
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pavenent edge. The el evation should be checked nore frequently during
times of frequent freeze/thaw cycles. The height of the lights should not
exceed 14 inches (35 cn) when located within 5 feet (1.5 n) of the runway
or taxiway edge. In snow country, where the lights are | ocated beyond 5
feet ( 1.5 mM fromthe runway or taxiway edge, the lights nmay be raised

2 inches (5 cm for each foot beyond the 5 foot (1.5 m point. At the 10
foot (3 m position, the lights may have a maxi num hei ght of 30 inches (75
cm). The increase in height is permitted only if any overhangi ng part of
an aircraft expected to use the runway or taxiway could clear the |ight

by at least 6 inches ( 15 cn) when the plane's npin | anding gear is

| ocated on any part of the runway or taxiway.

(2) Check light bases and housings for evidence of noisture
penetration. Check gaskets, seals, and clanps for deterioration and
damage. Check the torque of |ight base cover bolts.

(3) Check fixtures, bases, and housing for corrosion, rust, and
peel i ng paint.

f. Annual Checks.

(1) Check each light fixture carefully for cracking, corrosion
or shorts.

(2) Cean the contacts and assure that lamp fits firnmy into
recept acl e.

(3) Check condition of all connections.

(4) Check runway cable insulation (paragraph 47). Check the
i nsul ati on after severe thunderstormns.

(5) Check all gaskets on a leaky light unit and replace with new
rubber gaskets.

g. Unschedul ed Mai nt enance. Renpbve snow from
around the lighting fixtures as soon as possible after a snowfall so the
light fixtures are not obscured. |If heavy snowfalls are predicted, red
flags or sticks of sufficient length should be planted adjacent to the
edge lights to mark their location. The flags will facilitate snow
renoval and will |essen the damage to fixtures by snow renoval equi prent.

50. MAI NTENANCE PROCEDURES. The foll owi ng paragraphs di scuss genera
mai nt enance procedures for the runway and taxi way edge |ighting system

a. Lanp Replacenment. Wth the |ights operating, nmake a visua
check to positively identify the lighting unit or units that are out.

CAUTI ON:  Deenergize the circuit and lock out the circuit or regul ator
so that the circuit cannot be energized fromthe renote |ighting panel or
ot her neans before starting work on the lights.
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(1) Turn off lights and lock out circuits. Install safety
war ni ng signs (paragraph 5) at appropriate |ocations.

(2) Wth the replacenent |anp at hand, open up the fixture and
renove old | anp.

(i) Examine the old lanp to make certain
that the lanp is at fault.

(ii) Compare the identification markings on
the old and repl acenent |anps to be sure the replacenent lanmp is the
correct type.

(iii) Inspect the | anp socket, the
connections, and the wire insul ation.

(iv) Check the light unit and base for
evi dence of | eakage or condensation and renove any water present.

(v) Replace fused filmdisc cutout, if used.

(vi) Install new | anps.

(3) Check filters, when used, for cracking or msalignnent and
repl ace or adjust as required.

(4) Cean all reflectors, globes, filters, and covers as
requi red. Wen hood or shield is used, check adjustnent.

(5) Wen closing the light, nmake certain the gaskets are
positioned for proper sealing. Tighten all screws, clanps, and fasteners.

(6) Check frangible couplings for cracks.

(7) Check the horizontal and vertical alignnent of the lights for
proper adj ustnent.

(8) Wen all outages have been corrected, energize the circuit
and make a visual check of the repaired units for proper operation
Record the repairs.

b. Spare Unit Replacenent. |In sone instances, it may be nore
convenient to fix defective edge lights by replacing the entire light with
a spare unit. This fill mnimze the runway downtinme and al |l ow

troubl eshooti ng and refurbishment of the defective light at a nore
convenient | ocation. Spare unit replacenent is very convenient for
repairing lights struck by lightning or vehicles.

c. FilmDisc Cutouts. Sonme of the older installations use fused
filmdisc cutouts to bypass failed |anps. Sone circuits that have nore
than one light on the secondary of each isolating transforner use themto
bypass a burned-out |anp and keep the other | anps on the transfornmer
operating. \When replacing | anps in these
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lights, the filmdisc cutout nust also be replaced. Use the disc cutout of
proper type and size. The filmdisc is located within the |light enclosure and
is installed between spring-|loaded termnals.

d. Inspection. Wen replacing the | anp, inspect the |ight
t horoughly for other damage. Check for water in bases or |ights, cracked
and chi pped gl assware, defective or incorrectly positioned gaskets, |oose
connections, cracked or deteriorated insulation, and m salignnent of
lights or shields.

e. Ceaning. Wen changing lanps, clean the light fixture inside
and outside, as required. Light surfaces nmust be kept clean to transmt
light satisfactorily. 1n establishing a cleaning program first consider
the sources of the dirt problem Many airfield lights are | ocated at or
near ground | evel and are subject to blowing dirt or dust, rain
spattering, jet exhaust residue, bird droppings, corrosion, and heat and
static attraction of dirt. In sone cases, subnersion or exposure to water
may be a problem O eaning procedures will vary dependent upon the cause
of the problemand its effect on the system C eaning problens may often
be reduced by preventive neasures.

(1) When bird droppings are a problem installation of a thin,
stiff vertical wire on top of the Ilight nmay be hel pful in preventing birds
from perching

(2) \When spattering is a problem paving or sodding of the area
may hel p.

(3) When lights tend to fill with water, inproved gaskets and
better sealing procedures may be required.

f. deaning Schedule. The cleaning schedule will vary at each
| ocati on dependent upon such factors as environnment, geographica
| ocation, and the types of lighting units. Each |light should be cl eaned
t horoughly at | east once a year.

g. Ceaning Procedures. d assware, reflectors, |lenses, filters,
| anps, and all optical surfaces should be washed. Washing may increase
the light output by as much as 15 percent nore than wiping with a dry
cloth. A dry cloth also may seriously scratch reflective surfaces.

(1) Do not use strong al kaline or acid agents for cleaning.

(2) Do not use solutions that |leave a filmon the surface.

(3) Renove the unit when possible and clean in the shop

(4) For reflectors or other optical surfaces that cannot be
renoved for cleaning, use al cohol or other cleaning agents that do not
require rinsing or |eave a residue.

(5) Where washing is not practical, glassware (but not
reflectors) may be cleaned with fine steel wool and wiped with a dry cl ean
cl ot h.
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h. Mbi st ur e.

(1) Wwater and Condensation. Water is the nbst conmon cause
of problenms in airfield lighting fixtures. |In bases, water may cause
grounding of the lanp or circuit; in the optical assenbly it nmay subnerge
optical conponents, cause corrosion and deterioration, form condensation
on optical surfaces, and accelerate the accurmulation of dirt on optica
surfaces. Preventing water fromentering bases is very difficult. The
alternate heating and cooling of the lights can create a strong
"breat hing" effect, especially when the base is | ocated in saturated
ground. The water may al so enter through conduits, along the conductor
of the cable, through gaskets and seals, through damaged gl assware, or
through fine holes in the walls of the bases.

(2) Protection Fromand Renoval of Wter. The i nmedi ate
probl em of water in lights and bases is renoval and prevention of reentry.
In the |ight bases, the accunul ated water can usually be drained or bailed
out. Drain holes should be drilled, or cleaned out if already present.
CGaskets, seals, and clanmps that may admt water shoul d be checked.

Chi pped, cracked, or broken gl assware should be replaced. |If water cannot
be elimnated fromlight bases, ensure all electrical connections and
i nsul ation are watertight and above the waterline.

(i) Operation of lights on brightness step B4 or B5 should
dry up any condensation, and maintaining a | ow brightness setting rather
than turning the lights off should prevent nore condensation fromformng
Cost and energy conservation would be factors in determ ning the efficacy
of this method.

(ii) A hand or power driven punmp can be very useful for
renoving water in |light bases. Water can al so be renoved by di ppi ng and

noppi ng.

(ii1) Light bases can be nodified for easy punping by
installing an air valve in the cover and soldering a tube to the cover
that extends to near the bottom of the base. Applying conpressed air to
the air valve will force the water up the tube and out of the base

(iv) Cable may need replacing if water travels al ong and
enters around the conductor.

(v) Before installing the cover plate, blow out cover bolt
hol es to nake certain that fastening bolts are not anchored in sand or
debris that prevents cover from being torqued sufficiently on the gasket.
Make sure the bolt hol es have serviceable threads and that the gasket is
in good condition and properly placed.

(vi) Use corrosion-resistant cover bolts, and keep the bolts
wel |l greased to facilitate their renoval and | essen the possibility of
nmoi sture entry around their threads.

(vii) The base flange bolts should be drawn down in opposite
pairs until all are tightened to the reconmended torque. Avoid excessive
t or que.
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i. Strikes and Bl ast Damage. Light units damaged by strikes from
aircraft or vehicles, or by propeller or jet blasts, should be repaired
or replaced inmmedi ately. The fact that these |lights have been hit
indicates a critical need for them Areas where this damage recurs shoul d
be checked frequently. A careful check should be nade foll owi ng damage
of this type because the attaching cable may al so be damaged

(1) Repair and Repl acenent. \When possible, the entire danaged

unit should be replaced. Sinple repairs that can be acconplished usually
consi st of the foll ow ng:

(i) Renmpove the broken frangi ble coupling fromthe base
cover.

(ii) Connect the new light to the secondary connector.

(ii1) Install a new light on a new frangi bl e coupling.

(iv) Check for correct alignnment; align as required.

j. Frangi bl e Coupling Replacenment. Frangible couplings are used
primarily to reduce damage to aircraft in case of a strike. They provide
an intentional weak point and aid in preventing damage to ot her
components. An open-end w ench, pipe wench, cold chisel, and punch and
hanmer are usually sufficient to renmove and install frangi ble couplings.
Some makes require replacenent of the entire colum when the frangible
poi nt breaks.

(1) Renove danaged coupli ng.
(2) Use antisieze conpound on new coupling threads.

(3) Tighten by hand and use wench to snug down.

k. Schedul ed Painting. Scheduled painting is usually acconplished
annual 'y, but touchup is a constant requirenent.

(1) dean and renove rust, corrosion, dirt, and | oose paint.

(2) Apply suitable prinmer coat.

(3) Apply finish.

(4) After repainting light fixtures, restore assigned
identification by stenciling or painting nunber in a conspicuous | ocation

in |large nunerals.
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SECTI ON 5. CONSTANT CURRENT REGULATORS

51. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. The procedures for
the PMs are listed in table 4-6. \Were neasurenent of current is called
for, do not use the ameter on the face of the regulator. This nmeter does
not have the accuracy required for these measurenents. Use a cl anp-on
amreter, instrunent transformer and ameter, or sinilar setup.

a. Daily Checks. Check all control equipnment for proper
operation. Check renote control and/or radio control on each brightness
st ep.

b. Mnthly Checks.

(1) Check and record regul ator input voltage and i nput current.
If the voltage is not correct (must be within +5 percent of design
vol tage), notify power conpany to correct input voltage

(2) Check the |l oad on the regulator by nultiplying the input
voltage times the input current times the regul ator power factor (P = E
X | x pF). Assure that the |oad val ue does not exceed the given kWrating
of the regul ator.

(3) Check and record the output current into the circuit |oop
on each brightness 3 step. Conpare results with the tolerances listed on
page 51. Consult the manufacturer's instruction book for information on
adj usting output current.

¢c. Annual Checks.

(1) Visually check regulator for burned relay contacts, frayed

or burned insulation, and | oose connections. |f contacts are burned or
pitted conpletely through the silver contact surface, they should be
replaced. |If the contacts touch only at points, or if they are slightly

pitted or dirty, they should be cleaned. A fine file is the nost
desirable tool for surface cleaning. After cleaning, the contacts should
be realigned before the regulator is put into operation.

(2) Make a dielectric strength test of the oil. Take at |east
a 1-pint sanple of oil through the oil sanmpling valve at the base of tne
regul ator tank. The test nmay be conducted with the oil-tester described
in paragraph 40. |If no facilities are available for making dielectric
tests, contact the nearest power conpany equi pped to performthese tests.
If the oil is dirty or the dielectric strength is low, it should be
replaced or filtered and dried to restore its dielectric strength. Sludge
deposits on the core and coil assenbly and in the tank shoul d be washed
out with clean dry oil. Mddels with an internal primary switch will tend
to collect nore sludge due to arcing under oil. Fill with oil to the
proper |evel.

Warning: Since high open-circuit voltages may be obt ai ned
by opening the primary of a series lighting
circuit, only authorized personnel should be
all owed to performthe short-circuit test,
open-circuit test, and the | oad tests.
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Tabl e 4-6. Preventive mai ntenance inspection schedul e for constant
current regul ators

1. Check control circuits on all brightness steps. Dai |y

2. Check input voltage and current. Mont hl'y
3. Check the regul at or | oad. Mont hl'y
4. Check the output current on each brightness step. Mont hl'y
5. Check relays, wiring, and insul ation. Annual |y
6. Check dielectric strength of cooling oil (if used). Annual |y
7. Performa short-circuit test. Annual |y

8. Performan open-circuit test (only on regulators - with Annually
open-circuit protective devices).

9. Cean rust spots and paint as necessary. Unschedul ed
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A series circuit connected across a 50 kW 20 O anpere regul ator may have
an open-circuit voltage of 3,500 volts. However, the nonentary surge
before the open-circuit protection device actuates will be nore than this

(3) Short-Circuit Test. Mke a short-circuit test as follows:

(i) Turn off power to regul ator.

(ii) Short the output termnals using No. 10 AWG wire (or |arger)
across the termnal s.

(iii) Turn on the regul ator and advance intensity through each
st ep.

(iv) Read the output current on each step. The output current
shoul d be within the tol erance shown bel ow for the type of regul ator
speci fi ed.

TYPE STANDARD TOLERANCE
20 anpere, 5 step 20.0 A 19. 50- 20. 50
15.8 A
15.41-16. 20 12. 4
A 12.09-12. 71
10.3 A 10. 04- 10. 56
8.5 A 8.29-8.71
6.6 anpere, 5 step 6.6 A 6.47-6.70
5.2 A 5.07-5.33
4.1 A 4.00-4. 20
3.4 A 3.22-3.49
2.8 A 2.73-2.87
6.6 anpere, 3 step 6.6 A 6.40-6. 80
5.5 A 5.34-5. 67
4.8 A 4.66-4.97
(v) If the current output is not within limts, check the voltage
input to the regulator. It should be within +5 percent of rated input

voltage. Be sure the correct voltage tap is used (on dry-type
transforners).

(vi) Turn off regulator.

(vii) Disconnect the short and reconnect output cabl es.

(viii) Conpare the short circuit values with those obtained from
the nmonthly output current readings. |If the values differ by nore than

the tol erance above, there is a problemwth the field |loop or regul ator.

(4) Open Circuit Test. This test should be perforned only on those
regul ators with open circuit protective devices.
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(i) Turn off power to regul ator.
(ii) Disconnect cables fromoutput term nals.
(iii) Turn on power to regul ator.

(iv) Advance the brightness selector switch to any step.
(v) The open-circuit protective device should automatically
operate within 2 seconds to turn off the regul ator.

(vi) Turn off the selector switch. The open-circuit protective
devi ce shoul d reset. Turn the selector switch to any step. The
regul ator should turn on, then off again within 2 seconds.

(vii) If the test is satisfactory, turn off regul ator power and
reconnect the output cables.

d. Unschedul ed Check. dean rust spots on the equi pnment and repaint
as necessary.

SECTI ON 6. CENTERLI NE AND TOUCHDOM ZONE LI GATI NG SYSTEMS

52.  PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. Because semi flush
lights are installed in the aircraft traffic area and are run over by
aircraft, they are high-maintenance itenms that require frequent attention
to maintain specified performance. Additionally, their |ocation bel ow
ground | evel nmake them prone to water infiltration; this also requires
frequent attention. These problenms shoul d be renmenbered when perform ng
the PMs contained in table 4-7 and descri bed bel ow

a. Dai |y Check. A driving patrol should be nmade daily at
twilight. The inspector should | ook for burned-out or dimy burning |anps
and record their |ocation.

b. Weekly Check. A field electrician should inspect and service
any lights reported as defective in the daily inspections. The preferred
met hod of servicing is to replace the semflush light unit with a spare
and take the defective unit back to the shop for repair. The lighting
circuit nust be deactivated (fuses pull ed) before any maintenance is
attenpted on the lights. The follow ng defects may be the cause of the
mal f uncti on.

(1) No Light.
(i) Burned-out Lanp. The lanp may be repl aced as descri bed
in the manufacturer ' s instruction book. The fused disc cutout should
al so be replaced where used
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Table 4-7. Preventive mai ntenance i nspection schedul e for
centerline and touchdown zone |ighting systens.

1. Check for burned-out or dimy burning lights Dai |y

2. Repair or replace defective lights. Weekl y

3. Cean lights with dirty |enses. Mont hl'y

4. Check the intensity of selected lights. Mont hl 'y

5. Check the torque of nounting bolts. Bi Mont hl 'y

6. Cean and service light; check electrical Sem Annual |y
connecti ons.

7. Check for water in the |Iight base. Sem Annual |y

8. Replace lanps after 80 percent of service life. Unschedul ed

9. Renove snow from around fi xtures. Unschedul ed

10. Check wires in saw kerfs. Unschedul ed
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(ii) HEectrical Failure. |If the replacenent light also fails
to operate, or a string of lights fail, the problemis probably in the
series circuit. Troubl eshooting procedures are contained in chapter 5.

(2) D m Light.

(i) Dirty Light. The exposed optical surface of the sem flush
light gets dirty fromexposure to aircraft traffic and weather. The
lights should be cl eaned periodically as described in paragraph 53.

(ii) Light Aim ng. Shallow base senmflush light fixtures
sonetimes are twisted out of alignment by aircraft |anding or turning.
Visually check any dimy burning lights to see if they are nerely
m sal i gned. The alignnent procedure is discussed in paragraph 53.

(iii) Water in the Fixture. Exanm ne the |lens for standing water
or condensation behind the lens. |If water is present, the fixture should
be renmoved and serviced as described in paragraph 53.

C. Mont hl'y Checks. Until a regul ar mai ntenance schedule is
est abl i shed, the checks bel ow shoul d be performed at |east once a nonth;
it may be advisable to do themevery 2 weeks at busy facilities. After
some experience has been gained, the interval may be adjusted to
oper ati onal needs.

(1) deaning. Due to their position at ground |evel,
sem flush lights require frequent cleaning to maintain their specified
performance. The frequency with which the |ights nust be cl eaned depends
on the light's location, weather conditions, and nunber of airport
operations. The lights should be cl eaned when the brightness of the
fixture is less than 70 percent of the initial brightness when operated
at full intensity. A fixture degraded belowthis is ineffective for high
background brightness, low visibility conditions.

(2) Intensity Checks. To conplenment the cleaning process,
a check should be nmade of the I|ight output of several fixtures |ocated on
different parts of the field, particularly near the ends and in the
touchdown zone. The |ight out-put may be neasured with a photographic 10
spot met er as expl ained in paragraph 53. The procedure may be conducted
to provide the follow ng information

(i) Before cleaning, to establish whether cleaning is
necessary, or

(ii) After cleaning, to check the effectiveness of the
cl eani ng and determ ne the degradation of the internal optical assenbly.
Lights that are bel ow m ni mum |l evel s shoul d be schedul ed for renoval and
servi ci ng.

d. Binmonthly Checks.

(1) Bolt Torque. The torque of the bolts attaching the |ight
to its base should be checked. The inpact of aircraft wheels can | oosen
mounting bolts and cause misalignnment or fixture damage; this is
particularly troubl esome in the touchdown zone
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e. Sem annual Checks.

(1) Renove light, and clean and service as described in
paragraph 53. If an intensity check reveals that the light has sufficient
bri ght ness, then it need not be di sassenbl ed; however, the |light should
be renmoved fromits base so that the base and cabl e connecti ons may be
exani ned.

(2) Check the base for the presence of water. Any water found
shoul d be renoved and the base should be sealed to prevent its reentry.
This check should be conducted nore frequently in winter nmonths since
freezing may cause damage to the fixture by shearing the fixture hol ddown
bolts or rupturing the base.

(3) To maintain maxi num system performance and minimn ze
unschedul ed out ages, group replacenent of |anmps for sem flush fixtures
shoul d be considered. The fixtures should be rel anped when the tine on
the high-intensity step equal s 80-100 percent of the nominal lanp life.

f. Unschedul ed Mai nt enance.

(1) Snow shoul d be renoved fromaround the lighting fixtures
as soon as possible after a snowfall to prevent obscuring the |ight
fixtures. Extra care should be exercised to prevent striking the lighting
fixtures with snowpl ow bl ades. After snow renpval operations, inspect al
lighting fixtures and replace any damaged |ight assenblies. Whenever
snowpl ows nust traverse over in-pavenment light fixtures, they should be
traveling at less than 5 mles per hour or have the blades lifted clear
of the fixture. Rubber and plastic snowpl ow bl ades that are especially
suited to plowing wet or slushy snow are available; rotary broons are al so
reconmmended. If snow renoval is a frequent winter job, high-strength
steel light fixtures may be specified to better withstand the inpact of
snow pl ow ng.

(2) Check wireways in saw kerfs. If wires are floating out,
reinstall using wedges for anchoring wires. Space wedges 2 feet (60 cm
on center. Seal wreways using P-606 sealer

53. NMAI NTENANCE PROCEDURES. Servicing sem flush lighting should be
schedul ed to cause the mnimumdi sruption to normal airport operations.
For this reason, it is reconmrended that a number of spare fixtures be kept
for installation in place of defective fixtures. The nunber of spare
fixtures shoul d be about 10 percent of the total nunber of seniflush
lights in use. By replacing the defective light with a spare unit,
mninumtinme is spent on the runway; the defective Iight may be repaired
in the shop. The procedures bel ow give a generalized approach to repair;
for nmore specific information about a particular |ight, consult the

manuf acturer's instruction book.

a. Li ght Rermoval. The light fixture nust be rempved for
rel anpi ng or base inspection. Wen renoving the fixture for base
i nspection, be careful not to damage the connections to the isolation
transfornmers. 1In cold weather, ice or snow may obstruct the bolt heads
and make fixture renoval difficult. Sone facilities have constructed a
wooden box, slightly larger than the fixture and a few inches
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tall. The box has an electric heating el enent inside, and an open bottom

VWhen it is necessary to renove a frozen fixture, the box is placed over it, and
the heating elenment is connected to a power source (usually a generator on the
back of a truck.) Wen the box heats the fixture enough to nelt the ice,
renoval may be easily acconplished.

b. deaning. Several different techniques are available for
cleaning the exterior glassware of inset lights. Sone require specia
equi prrent and are suited to |large scale and frequent use with the |ight
installed, while other techniques are nore suited to bench cl eaning of a
[ight. The maintenance supervisor should select the nethod best adapted
to the facility. Remenber that not all techniques may be used with al
lights; the manufacturer' s reconmendations contained in the instruction
book are the final authority.

(1) Manual. Comercially avail able cleaning detergents and
pads can be used for rempval of deposits fromthe lighting fixture |ens
unl ess prohibited by the manufacturer. Abrasive materials such as
sandpaper or enery cloth should not be used as they will scratch the
glass. Solvents are available that will clean the lens, but the sol vent
must be left on for a period of tine to dissolve the deposit. The solvent
used must be conpatible with the lens sealing material. While manua
techni ques are well suited for bench cleaning of lights, they are very
time- consuming for cleaning lights when installed in pavenent.

(2) Gound Shells. Unless not recormmended by the |ight
fixture manufacturer, the cleaning can be done by using 20/30 grade, clean,
ground wal nut or pecan shells and clean, dry conpressed air or nitrogen
(nozzle pressure 85 psi). Figure 4-1 shows a typical exanple of how to
clean the lighting fixture with shells.

(i) An average tinme of 10 seconds is required for
cl eaning the external surface of the |ens.

(ii) The average usage of ground wal nut shells is
0.6 pound (0.25 kg) per fixture.

Figure 4-1. deaning centerline and douchdown zone |ights.
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(ii1) The cleaning system shown is not avail abl e
as an assenbl ed unit; however, a commercially available air conpressor wth
control s and gauges, a sandbl aster unit, and abrasive resistant hoses may be
used.

(iv) After renoval of the deposit fromthe I|ens,
the fixture's light channel should be cleaned of shells with a blast of
air, and the remaining dust w ped off with a clean cloth.

(3). Abrasive Brush. An abrasive brush may be used to
cl ean rubber deposits by mounting it on a rotary hand tool powered by air
pressure or electricity. The average cleaning tinme is 30 seconds per
I ens. Care must be taken not to renove the | ens-sealing material in the
cl eani ng process; this can be avoided with the use of a shield.

C. Light Aimng. The semflush |ights are ainmed as part of
the installation procedure. For lights installed on the tops of
t ransf or mer housi ngs, the aimng is fixed and nonadjustable. For lights

installed on glue-in bases, the aim ng may cone out of alignment due to
twisting of the light bases. The runway centerline |Iights should be
aligned to within 20 of a line parallel to the runway centerline. Wen
reinstalling the base, use an adhesive conpatable with the type of
pavenent. P-606 seal er has conpounds that are conpatible with both
concrete and asphalt pavenments; be sure to choose the correct m xture.
The aimng of sem flush lights may readily be checked by turning the
lights on during foggy weather. The fog nakes the Iight beam visible and
it is easy to tell if alight is properly oriented. For touchdown zone
lights, the light beamis offset 40 toward the runway centerline. The
ai m ng of touchdown zone lights may be judged by viewi ng the barettes on
either side of the runway while standing on the centerline. Wen view ng
the barettes on either side of the runway from sone di stance, any |ight
appearing dimer or brighter than the lights next to it may be inproperly
ai med and shoul d be checked.

d. Light deaning and Sealing. Sem flush |lights gradually get
dirty internally, and the internal optical surfaces should be cleaned when
the light is disassenbled for rel anpi ng or mai ntenance. Sandbl asting may
be used to clean rubber deposits off the casting after all renovable parts
have been taken off. Use a cleaning solution that does not |eave a
residue after drying. Wen relanping a light, be careful to handle the
lanp by the leads only; fingerprints on the glass assenbly will shorten
lanp life. Lanps in brackets should be nounted accordi ng to manufacturer
s recommendati ons; using the wong |anp or nmounting it inproperly can
drastically reduce the light output of the fixture. Wen reassenbling the
light, carefully exam ne all gaskets and Orings for cracks, tears, or
mal formation that will prevent themfromresealing properly. Exam ne the
optical prismto nmake sure that the seal er around the edges is in good
shape. |If the optical prismis cracked or badly pitted, it should be
repl aced.

e. Reinstallation. Wen nmounting asem flush unit on its base,
care nmust be used to be sure that a watertight seal is obtained. The
fixture connections to the series circuit should be sealed with two | ayers
of plastic tape or with heat-shrink-abl e sleeving. The connection may
al so be varnished with a heat-resistant varnish to further inprove the
seal ing of the connection and protect the tape fromheat. Be sure that
the gasket and its mating surface are free of sand or grit; this is a
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common fault in servicing that allows noisture to enter. Gaphite
compound or gasket cenment may be used on the gasket surfaces to ensure a
watertight seal. Securely tighten all fixtures to the manufacturer's
specified torque. The bolts and threads should be cleaned, and the
threads may be coated with a securing conpound such as Locktite 242, or
equi val ent .

f. Water Renoval. The procedure for renoving water fromthe
base of senmiflush lights and preventing reentry is simlar to that
descri bed in paragraph 50 for runway edge lights. |If the fixture itself

| eaks, renew all gaskets and seal ants.

g. Photonetric Measurenents. Photonetric neasurenents of
sem flush lights are the nost direct way of determining if they are
emtting the specified anbunt of light. The procedure presented bel ow,
usi ng a photographic 10 spotneter (figure 4-1), may be used when the |ight
is installed or in the shop. Photonetric neasurenents of installed
sem flush lights help determine if the wi ndow area should be cl eaned, or

if the light is in need of maintenance. The photometric procedure
presented below relies on the conparison of relative values of |ight.
VWhile it is useful for determ ning the relative

performance of the light, care should be used when conparing dissimlar
lights, as the standard val ues established may not apply.

(1) Energize a new light at maxi numintensity (6.6
anperes). Take a reading with the spotneter at a di stance where the w ndow
area of the light unit just fills the 10 nmeasuring spot of the neter. The
observer should nove the nmeter vertically and horizontally far enough to
ensure that the maxi numreading is observed (center of the |ight beanj.
Thi s maxi mum val ue, usually in exposure value (EV) units, should be
recorded and used as the standard value to which field nmeasurenents are
compar ed.

(2) Next take photonetric readings of the lights to be
sanpl ed, using the technique described in (1). The lights should be set

on the maxi mumintensity step. |If the EV reading of the spotneter is nore
than 2/3 EV |l ower than the reference value determined in (1), the light
is in need of servicing. In the event a scale other than EV is used, the

light should be serviced when it emits | ess than 70 percent of the Iight
it emtted when new.

(3) Since there are variations in the manufacture and
installation of semflush lights, sone lights may remain bel ow t he
standard val ue as neasured in (1) above even after cleaning and servi cing.
If the difference in light output is significant, then it nmay be necessary
to establish individual standards for lights with sub-par readings.

SECTION 7. VI SUAL APPRCACH SLOPE | NDI CATOR SYSTEM

54. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. To performthe PM s
contained in table 4-8, proceed as foll ows:

a. Dai ly Checks. Check that all |anps are burning and areof
equal brightness. Adequate spare |anps should be available to pernmit a
compl ete replacenment of all lanps in the system Spare bypass
(grasshopper) fuses, if used, should al so be stocked. Lanps should
be replaced imrediately if they burn out or
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10.

11.

12.

13.

14.

Tabl e 4-8. Preventive maintenance inspection schedul e
for visual approach slope indicator (VASI) system

Mai nt enance requi rement

Check | anps for operation.

Check operation of controls.

Check for damage by service vehicles or aircraft.
Clean | anps and filters.

Check nechanical parts for danage.

Check lightning arrester.

Check for water damage or insect infestation.
Check for presence of rodents.

Record output current and input voltage of adapter
(i f used).

Check alignment and aim ng of |ight boxes.
Check | eveling and operation of tilt swtch.

Check integrity of obstacle-free approach pl ane.

Check insul ation resistance of underground cabl es.

Check resistance of grounding system
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Sem Annual |y



becone darkened. |If the Visual Approach Slope Indicator (VASI) uses
bypass fuses, never replace a lanp until the associated fuse is checked.

b. Mnthly Checks.

(1) Check operation of controls. Check photocel
bri ght ness control and runway light circuit interlock (if used), radio
control (if used), and/or renote control swtch

(2) Check for damage by mowers, snowpl ows, etc.
(3) Cean lanmps and filters.

(4) Visually check mechanical parts for cleanliness, burned
W res or connections, cracked insulators, lanps or filters, etc.

(5) Check if lightning arresters and/or surge suppressors
are scorched or show ot her signs of being burned out and replace as
necessary. Also, check after electrical storns.

(6) Check for damage or debris fromwater, mce, wasps,
bird nests, spider webs, etc., in |anp boxes and adapter units and cl ean
or repair as needed.

(7) Check for burrows or other signs of rodent activity in
vicinity of cables; take steps to discoura@ their presence to mnimze
i kel i hood of cabl e damage.

(8) If an adapter unit is used, read and record the output
current and the input voltage to the adapter unit

(9) Check the horizontal and lateral alignment of the |ight
boxes, and check the aimng (vertical angle) with the VASI aim ng bar (see
par agraph 55 for procedures). Record the angle setting and the date in
a mai ntenance log. It is particularly inportant to check ai m ng
frequently whenever the soil freezes or thaws or has a change in noisture
content (especially clay soils).

(10) Check levelling and operation of tilt switch (used in
VASI -2 and sonme VASI-4 installations).

c. Quarterly Checks. Check the obstacle-free approach plane for
cl earance fromtree gromh, new towers, pole |ines, or other obstacles.
The obstacle free plane starts at the first VASI |ight bar, and extends
over the approach area at an angle 10 | ower than that of the first VASI
bar. The obstacle free plane is 4 mles |ong and extends 100 on either
side of the runway centerline.
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d. Seni annual Checks.

(1) Check insulation resistance of underground cabl es (paragraph
47) and record the results.

(2) Check resistance of the grounding system (paragraph 47) and
record the results.

55. MAI NTENANCE PROCEDURES

a. Adjustnment of the Vertical Aimng. This is normally done with
an aimng bar, calibration bar, and small (machinist's) level. Handle
these precision instruments carefully. Make sure the aimng bar is the
one supplied with the VASI light units. The follow ngsteps should be
foll owed each time the VASI is checked.

(1) Place the calibration bar on a rigid surface that is
approximately level, such as a concrete floor or a table or counter that
is sitting on a concrete floor. Mst wooden floors will deflect enough
under one person's wei ght to make it inpossible to
accurately level the calibration bar.

(2) Place the small level on the calibration bar and level it
with the adjustable feet, both in the linear and transverse directions.

(3) Turn the small level 1800 to check for centering of the
bubble. If it does not check when reversed, adjust the small |evel so
that the bubble will remain centered when the snall level is reversed.

(4) Place the ainmng bar on the calibration bar and check that
its spirit level remains centered in the 00, 30, and 60 positions and
settings. Adjust spirit level if necessary to center the bubble. |If the
bubbl e cannot be centered at each of the three angles, the aimng bar
shoul d be repl aced.

(5) Place the instrunents in the carrying case for transporting
out to the VASI Soxes.

(6) Place the small |evel on the bottomcenter of the aperture
(light slot) at the front of the box and | evel the box transversely with
the two front adjusting (nmounting) screws.

(7) Set the proper angle on the aim ng bar (usually 2 1/20 for
[ight bar No. 1, closest to runway end, and 30 for light bar No. 2) and
insert through the aperture so the end of the ainmng bar rests on the
transition bar.

(8) Wth aimng bar in line with |eft-hand | anp, adjust |eft
rear adjusting screw. Myve the aimng bar to the right side of box and
adjust right rear screw. Repeat for left and right side until bubble is
centered at each position.

(9) Recheck transverse levelling, and recheck | ongitudina
levelling with the aimng bar in center of |ight box.
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(10) Stand in front of the VASI box (approximately 50 feet away)
and check that the |ight changes col or sinultaneously along with the whole
width of the unit. |If not, either thelevelling was not done properly,
the box is warped, or the transition bar is not in its proper place.

(11) Check the tilt switch on all VASI-2 systenms and VASI -4
systens (where provided) by placing the small level on the marked top
surface of the tilt switch and adjusting the tilt switch if necessary.

If the tilt switch shuts off the power when it is level, the tilt switch
shoul d be replaced. The main switch may have to be turned off, and back
on, to reset tilt switch circuit.

b. Check of Adapter Unit Current Qutput.
(1) Wth systemon, adjust day current to 6.4 to 6.6 anperes.

(2) Cover photocell with a heavy gl ove or other dark materi al
wait for time delay to deenergize, and read current. |If the VASI has a
ni ght adjustment, set current to 4 .8 to 5.0 anperes.

(3) Renove covering fromphotocell. The lights should swtch
@ck to day brightness after a short tine delay (15 seconds to 1 mnute),

SECTI ON 8. HAZARD BEACONS AND OBSTRUCTI ON LI GHTS.

56. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. To performthe PMs
contained in table 4-9, proceed as foll ows:

a. Daily Checks. Verify that all hazard beacons and obstruction
lights are burning each night. Replace burned-out |anps.

b. Mnthly Checks.

(1) For flashing hazard beacons, count the nunber of flashes of
the hazard beacon over a full 2-minute period. The flashing rate may range
from?20 to 40 per minute; the beacon "OFF" time should be about half the
"ON' tine.

(2) Check the operation of the photocell or other automatic
control devices.

c. Semi annual Check. Test the insulation resistance of feeder
cabl es and ground resistance of the groundi ng system (paragraph 47).

d. Annual Checks.

(1) Check the condition of the wire, insulation,splices,
swi tches, connections and fuses. Check the fuse size (should not be nore
than 120 percent of rated |oad). The fusehol der should be tight with
cl ean, uncorroded contacts. Check the wiring for |oose connections and
the insulation for breaks or fraying. Checksw tches for |oose, burned,
or msaligned contacts.
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10.

11.

12.

13.

Tabl e 4-9.

for hazard beacons and obstruction |ights.

Mai

nt enance requiremnent

Check operation of |anps.

Check flash rate of hazard beacons.

Check operation of photocell.

Check insul ation resistance and ground resistance.

Check wire and connecti ons.

Check voltage at | anmp socket.

Check weat herproofing of the fixture.

Check lightning protection system

Check power neter.

Service | owering device and ot her supporting

har dwar e.

Check changeover relay in dual fixture.

Cl ean and reconditi on beacon.

I nstall

new | anp after 80 percent of
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rated |ife.

Preventive mai ntenance inspection schedul e

Dai l y
Mont hl y
Mont hl y

Sem Annual |y

Annual |y
Annual |y
Annual |y
Annual |y
Annual |y
Annual |y
Annual |y
Annual |y

Unschedul ed



(2) Check the lanp voltage at the | anp socket and record the
vol tage. Conpare the voltage with the previous reading. |If the voltage
reading is nore than 10 percent different fromthe nom nal val ue,
determ ne the cause and correct the problem |If a booster transformer is
used, check the input and output voltage |l evel @

(3) Check gaskets and seals for |eaks. Adequate weatherproofing is
necessary for the protection of lights. Al gaskets should be renewed
when cracked or deteriorated. Before installing a new gasket, throughly
cl ean the gasket channel to make the gasket seats properly. Wien it is
necessary to secure the gasket with rubber cenment, both gasket and sea
shoul d be coated with cenent and permitted to dry until tacky before the
gasket is placed in position.

(4) Visually check the Iightning-protection system Check al
connections for tightness and continuity. Check lightningarresters for
cracked or broken porcelain and for mssing nounting brackets. Repair as
requi r ed.

(5) Check the power conpany meter. The nmeter should be checked

for creeping under no-load conditions. If it is creeping with the |ight
of f, carefully check for grounds. |[If none are found, notify the power
company to correct the problem Check the | eads for

ti ght ness and keep the neter surface clean

(6) When the obstruction lights are nounted on di sconnect
hangers and are equi pped with [ owering devices, w re guides, and pulleys,
all fittings, supports, and cables should be cleaned and | ubricated. The
contact surfaces of the electrical disconnect should be cleaned.

(7) The dupl ex obstruction lights should be serviced as
descri bed above. 1In addition, if a changeover relay is used, it should
be cl eaned, and the relay housing gasket should be kept in good condition
Al'l mssing cover screws should be replaced to prevent water, noisture,
and dust fromentering the relay enclosure. Only one light in the double
obstruction light is energized when a transfer relay is used. Upon
failure of the first lanp, the relay should transfer power to the second
or standby lanp. The relay is nounted in the fixture base. A pilot |lamp
is normal ly provided across the standby lanmp to provide a renote
i ndi cation that one |anp has burned out. Check the operation of this
renote | anp.

(8) The beacon should be cl eaned and reconditioned yearly or
when a lanp is replaced. Follow the procedures bel ow

(i) dean and polish the globes and | enses using a gl ass
cl eaner or amonia and water. Wpe the gl obes dry before reassenbling.
Renove dust and dirt fromgrooves. A stenciling brush or a small paint
brush is especially useful for this purpose. Renove all paint spots and
streaks from al ong the edge of gl ass.

(ii) Using a brusn or cloth, clean the dirt and dust from
fixture and open all drain holes. Check the condition of sockets. Look
for burned or galled screw bases, |oose connections, and frayed or broken
i nsul ati on.
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(iii) Check the | oad contactor for pitted, barned, or
m sal i Kned contacts. Ensure that the armature noves freely and that the
spring tension is sufficient to pull the armature away fromthe coil when
deenergi zed.

e. Unschedul ed Mai ntenance. Change the | anp when the burning
time has attained 80 percent but not nore than 95 percent of its rated
life. Make certain that the correct lanp is installed. Allow the new

lanp to burn for a few mnutes to nake certain that the lanmp is not
def ecti ve.

SECTI ON 9. RUNWAY END | DENTI FI CATI ON LI GATS (REIL) AND
OWNI DI RECTI ONAL APPROACH LI GHT SYSTEM ( ODALYS)

57. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. To performthe PM s
contained in table 4-10, proceed as foll ows:

a. Daily Checks. Check that |anmps are operating and are fl ashing
i n proper sequence.

b. Binonthly Checks.

(1) Check the controls for proper operation. Observe operation
on each intensity step.

(2) Check cleanliness of optical surfaces, both interior and
exterior.

(3) Check for damage or m saligned lights.

(4) Check interlock device on door of each cabinet. Verify that
shut down occurs when each door is opened.

(5) Check for vegetation or other obstruction around |ights.

c. Sem annual Checks.

(1) Check the interior of control panel and flasher cabinets for
cl eanl i ness and noi sture.

(2) Check all electrical contacts and connections to ensure
ti ght ness.

(3) Check and adjust alignnment and |evel of light wnits. For
omidirectional units, only the level is checked. For unidirectiona
REI Ls, check alignnent and el evation using the follow ng tools:
(i) A plywod triangle cut to angles of 150, 800, and 850.
(ii) A4"-line |level.
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Fi gure 4-3.

REI L ai mi ng.
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Tabl e 4-10.

10.
11.
12.
13.
14.
15.

16.

identifier lights (REIL) and omi directiona
systens (ODALS)
Mai nt enance requi rement
Check operation of |anps.
Check the operation of controls.
Check cleanliness of optical system
Check for mechani cal damage or nisaligned parts.
Check operation of interlocks.
Check for vegetation around lights.
Check cabinets for cleanliness and noisture.
Check el ectrical connections.
Check alignment and el evation of unidirectional REIL
Check | evel of optical heads for ODALS.
Check oaffles on REIL (if used).
Check power distribution equipnent.
Check insul ation resistance of cable.
Check resistance of groundi ng system
Service tinmer notor and contacts (if used).
Check need for painting.
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approach |ight

Dai l y

Bi Mont hl y

Bi Mont hl y

Bi Mont hl y

Bi Mont hl y

Bi Mont hl y
Sem Annual |y
Sem Annual |y
Sem Annual |y
Sem Annual |y

Sem Annual |y

Annual |y
Annual |y
Annual |y
Annual |y
Annual |y



(4) The procedure to align the unidirectional REIL is as foll ows:

(i) To check for I50-toe-out, hold the triangle horizontally with the
150 angle pointed toward the other light unit. By aligning the outside
edge of the triangle to point at the opposite light unit, |50-toe-out is
achi eved.

(ii) To attain the 100 vertical aimng, the 800 angle is placed
against the flat portion of the REIL face with the |50-point down. When

the line level shows the upper edKe of the triangle level, the REIL is 100
up fromthe horizontal.

(5) Check level of ODALS optical heads.

(6) Check baffles, if used on REIL. Were baffles are installed, the
light units should be ainmed at an anAle of 30 vertical and toed out 100.
The | ouvers should be sloped down 100 toward the runway and 50 down toward

t he approaching aircraft. The louvers should be painted black to I ower
the reflected light.

d. Annual Checks.

(1) Make a careful inspection of all power distribution equipnent
and protective devices at termi nal pole and lights.

(2) Check insulation resistance of power cables (paragraph 47).

(3) Check the ground resistance at term nal pole and each |ight
fixture (paragraph 47).

(4) Service timer notor and contacts (if used).
(5) Repaint as required.

SECTI ON 10. MEDI UM | NTENSI TY APPROACH LI GHTI NG SYSTEMS ( MALS, MALSF,
MALSR) .

58. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. To performthe PMs
contained in table 4-1 1, proceed as foll ows:

a. Daily Check. Check and record burned-out |anps.
b. Wekly Checks.
(1) Request tower personnel to turn on the system and go
t hrough each brightness step fromthe renote control panel. |If the system
is equipped with air-to-ground radio control, check each brightness step
for proper operation. During the sequence, the mai ntenance technician
should be in a position to observe the system operati on.

(2) Repl ace burned-out |anps as necessary to neet the criteria
in table 2 of appendix 1.
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Tabl e 4-11. Preventive maintenance inspection schedule for
medi um i ntensity approach lighting systenms (MALS, MALSR, MALSF)

Mai nt enance requi r ement

1. Check for burned-out | anps. Dai l y

2. Check system operati on. Weekl y

3. Repl ace burned-out |anps. Weekl y

4. Check sem flush lights for cleanliness. Weekl y

5. Record input and output voltages of control cabinet. Mont hl y

6. Clear any vegetation obstructing the lights. Mont hl y

7. Check angle of elevation of lights. Sem Annual |y
8. Check structures for integrity. Sem Annual |y
9. Check approach area for new obstructions. Sem Annual |y
10. Check photoelectric controls (if used). Sem Annual |y
11. Check electrical distribution equipnment. Annual |y

12. Check insul ation resistance of cable. Annual |y

13. Check fusehol ders, breakers, and contacts. Annual |y

14. Replace all PAR 38 lanps after 1800 hours on maxi mum Unschedul ed
intensity.
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(3) Check the exterior optical surface of any sem flush |ights.
Cl ean as required.

b. Mnthly Checks.

(1) Record the input and output voltages of the control cabinet and
conmpare with previous readings to ascertain the rate of deterioration of
the system

(2) Cear vegetation or obstructions fromthe front of sem flush
and/ or ground-nmounted lights to ensure adequate visibility. Diesel fue
or otker approved chemicals can be used to help control the Krowth of
vegetation around the lights.

c. Sem annual Checks.

(1) Check all light fixtures for alignment. The elevation angle
settings of the lanps differ at each light bar station. These angle@
shoul d be permanently displayed at each station to facilitate mai ntenance.

(2) Check all structures carefully for hidden corrosion or rot.
Speci al attention should be paid to wdod-to-wod, wood-to-steel,
wood-to-earth, and @eel - to-earth contacts.

(3) Check the approach area for new structures or for growh of
vegetati on which may "'viol ate the approach clearance criteria. A clear
line-of-sight is required fromany point on a plane 1/20 bel ow the glide
sl ope extending 250 feet (75 m) each side of centerline for a distance up
to 1 ,600 feet (500 m) in advance of the outernost lights in the system
If objects exist which block a view of the lights and cannot be renoved,
refer the problemto appropriate airport authorities.

(4) If used, check and adjust the photoelectric controls. Use
a photoneter to verify the photoelectric control is adjusted to turn the
l[ights on at a north-sky light intensity |evel of 35 foot-candles and turn
off at 58 foot-candles. |If the unit is properly adjusted, the systemw| |
operate on the high brightness position on a relatively clear day from
approximately 1/2 hour after sunset to 1/2 hour before sunrise. Also,
check the orientation of the photo- electric cell. The cell should be
oriented by aimng at the north sky at an angle of 250 fromthe vertica
pointing toward the ground. |[If adjustments are required, refer to the
appl i cabl e manufacturer's instruction book for detail ed adjustnent
pr ocedur es.

d. Annual Checks.
(1) Check pol e-top-nmounted or termination swtches
(2) Check all main power and control cable insulation
resi stance (paragraph 47 ). Record reading on the insulation resistance
form Conpare current reading with previous readings to determne if
cabl es are deteriorating.
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(3) Check fusehol ders, breakers, and contacts. Contacts in the
control cabinet should be carefully inspected. |If the contacts are badly
worn, they should be replaced. Do not file or burnishconta;ts.

Di scol oration of co@acts or sonme roughness due to normal arcin8 is not
harnful. The contacts should be wiped to remove the dust. Blown fuses
shoul d be replaced with the correct size and type. Do not assune that the
old fuse is the correct size and type.

f. Unschedul ed Mai ntenance. Consideration should be given to group
changing of all PAR 38, |50 watt |anps after 1800 hours of operation on
maxi mum bri ght ness, recorded on an el apsed tinme neter

SECTI ON 11. MARKI NG OF PAVED AREAS ON Al RPORTS

59. NAI NTENANCE OF MARKI NG Al markings on paved areas shoul d be

i nspected at | east sem annually and repai nted when they becone faded
or discolored by soil. Local climte considerations will dictate when to
i nspect, but, in general, a spring and fall inspection will suffice to

detect deterioration due to the winter and sunmer weather extremes. Touch
up pavenent markings using a high-quality traffic-marking paint (drying
time 30 mnutes at 7QoF (250C) or equival ent.

SECTI ON 12. STANDBY ENG NE GENERATOR PLANTS

60. PREVENTI VE MAI NTENANCE | NSPECTI ON PROCEDURES. To performthe PM s
contained in table 4-12, proceed as foll ows:

a. Weekly Checks.
(1) Before starting the engine, check the follow ng:
(i) Battery water |evel.
(ii) I'mrersion heater operating.
(iii) Engine oil level.
(iv) Governor oil Ilevel.
(v) Engi ne generator cool ant |evel.
(vi) Fuel level in main storage tank.
(vii) Battery trickle-charge current
(viii) Clean fuel traps and filters.
(i x) Check engine timng.
NOTE: |If necessary to add oil, water, or fuel, record anbunt. Do not
operate diesel engines without load as it results in fouling the cylinders

and injectors.
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(2) Load-test the engine generator for 1 hour, Turn the airport
lights and visual aids on before beginning the test.

(i) Start the generator by one of the two nethods bel ow. The
met hod of starting the generator should be alternated on successive | oad
tests.

(A) Start the generator by using the renmpote control in
the tower. If there is no renmpote control, use the controls in the vault.

(B) Start the engine by simulating a power failure.
This may be done by switching off incom ng commercial power. This
procedure should be used only after ooordination with the tower, flight
service station, or other authority in charge of air traffic control

(ii) Record the tine for engi ne generator to start and
transfer switch to operate

(iii) Check for normal operation of controls.

(iv) Take readings of the follow ng after engi ne generator has
operated for 15 m nutes under | oad:

Qut put vol t age Phase: 1 2 3
Qut put current Phase: 1 2 3
Qut put frequency __

Engi ne oil pressure
Cool ant tenperature

(v) Check roomventilation |ouvers for freedom of operation
and manual and automatic operation of fan.

(vi) For starting nmethod (A), stop the engine/generator. The
transfer switch should operate and transfer the |load to conmrercial power.
Check tine for load transfer after pressing the engine/ generator stop
but t on.

(vii) For starting nmethod (B), turn the commercial power back
on, and neasure the delay fromthe resunpti on of commercial power until
transfer of load to commercial power. Then neasure the delay from| oad
transfer until shutoff of the engine.

(3) Cean the engine generator set, its accessories, contro
compartnments, and do necessary housekeepi ng of the inmedi ate area.

b. Quarterly Checks. Perform 3-hour |oad test as foll ows:

(1) Perform checks and record readi ngs sane as those noted on
weekl y checks.
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Tabl e 4-12. Preventive mai ntenance inspection schedule for
st andby engi ne generator plants.

Mai nt enance requi rement

1. Do pre-start checks. Weekl y

2. Perform 1-hour | oad test. Weekl y

3. dean engi ne/generator and surroundi ng area. Weekl y

4. Perform 3-hour |oad test. Quarterly
5. Perform annual check. Annual |y

6. Change oil. Annual |y

7. Perform 2-year servicing. Bi Annual |y
8. Overhaul engine. Unschedul ed
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(2) In addition to the weekly checks, performthe foll ow ng
before starting the engine:

(i) Check flexible duct from engi ne generator radiator.
(ii) Check conneoting hoses and fittings.
(iii) Lubricate pulleys and punps.
(iv) Check condition of filter el enents.
(v) Exami ne engine oil for contam nation.
(vi) Check fuel tanks for contam nation.

vii) Check all control cable and power cableterm nations for
ti ght ness.

(viii) Check condition of all wiring insulation.
(ix) COean and adjust control panel devices.
(x) Drain and replace oil in governor and norse clutch.
(xi) Fan belt condition.
(xii) Record battery voltage
(xiii) Check specific gravity of battery electrolyte.

(xiv) Check conpl ete sequence of operation of control and safety
devi ces.

(xv) Record pick-up volts for the Iine voltage sensing relays by using
a Variac and iron vane voltneter.

(xvi) Record dropout volts for the Iine voltage sensing rel ays.
(3) Start engine generator under full |oad sane as for the
weekly tests. Operate for 3 hours. During the last 30 mnutes, perform
the foll ow ng check@

(i) Check col or of engine exhaust for conplete
conbusti on.

(ii) Check for exhaust, fuel, lubricant, or cool ant
| eaks.

(ii1) Check generator for abnormal heating.
(iv) Pop conpressed air safety valves, if any.

(4) Stop engine generator after 3 hours under full |oad. Note
and record any unusual conditions and describe any repairs needed.
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C.

Annual

(1)

Checks

Perform check and record readi ngs same as those noted in

weekly and quarterly checks.

(2)

In addition to the quarterly checks, performthe foll ow ng

before starting the engine:

(i) Change air filter.

(i)
(i)
(iv)
(v)
starter).
(vi)
devi ce.
(vii)
(viii)
(ix)
(x)
necessary accuracy
(xi)
(xii)
filter, valve, and
(xiii)
| ubrication.
(xiv)
frequency.
(xv)

nunber s,

I nspect transfer switch

(A Switch novenent.

(B) Condition of contacts.

(© Delays.

Determ ne revolutions per mnute for overspeed | ockout.
Check operation of lowoil safety.

Determne time to | ockout overcrank safety (for

Check accuracy of high cool ant tenperature shutdown

I nspect, clean, and gap spark plugs (gasoline engine).
Measure mani fol d vacuum

Measure fuel punp pressure.

Drain and cl ean i mmersi on heater housing and check

of heater operation.

Drain and replace oil in crankcase.

I nspect and cl ean positive crankcase ventilation
connecting |ines.

I nspect condition of @nerator bearings and bearing

Measur e frequency-sensing relay pickup and dropout

Check conpressed air tank, if any.

(3) Perform 3-hour |oad tests and record readi ngs as for weekly
and quarterly tests. Record any unusual conditions, repairs, part

etc.
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(4) Performa conpression test.

(5) Change oil in the engine after a maxi num of 150 hours of
operation or at |east once a year unless otherw se specified by the
manuf acturer. Diesel engines generally place nore demands on the oil in

the lubricating systemthan do gasoline engines. The American Petrol eum
Institute (APl) Service Classification of Gls for diesel engines are:

di esel general (DG ; diesel noderate (DM ; and diesel severe (DS). Diese
oils may be used in gasoline engines, but not vice versa. (Do not use
detergent oil in an engi ne which was previously operated w t hnondetergent
oil.) DG classification my be used where the engine is operated in a

cl ean | ocation under noderate |oads using good grade of fuel where no
extremes in tenperature are encountered and where wear and control of
engi ne deposits are not a problem (This grade generally would be suited
for standby engi ne generators for airport lighting systens in the Southern
Region.) G ls used in diesels should at |east neet the DG service
classification. Fill the crankcase of new or rebuilt engines with oil as
recomrended by the manufacturer. Operate the unit at variable reduced

| oads (not to exceed 75 percent of full |oad) for approxi mtely 40 hours.
Conti nue operation of the unit on normal |oad for approxi mately 40 hours;
however, if chrome piston rings are installed, this tinme shall be extended
8 hours. Drain the crank-case while the engine is still hot and refil
with nultiviscosity detergent oil.

d. Biannual Checks.
(1) Perform 2-year servicing as follows:

(i) Drain and flush engi ne-cooling systemafter operating the
engi ne under | oad for 1 hour

(ii) Remove covers and inspect generator bearings for wear and
condi tion of lubrication.

(ii1) Check condensers and diodes in |line voltage sensing and
transfer circuits

e. Unschedul ed Checks. Engines normally performunder a variety of
climatic and operational conditions. Therefore, a thorough anal ysis of
the engine by a qualified technician will be the determ ning factor in
schedul i ng and defining the depth of overhaul for a particular plant. Al
standby engines after 10 years or 2,000 hours shoul d be considered for
over haul

61. MAI NTENANCE PROCEDURES. The mmi ntenance of engi ne generators
requires a skilled mechanic. It is recommended that the person assigned
these duties be a graduate of a technical school on types of engine
generators sinmlar to the one to be maintained. |In addition, the person
shoul d have had 1 or nore years experience as an autonotive, truck, or

di esel engi ne nmechanic and technician. |If a qualified mechanic is not
avail able on the airport mmintenance staff, it is reconmended that a
contract be made with a qualified | ocal repair shop for periodic

mai nt enance.
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CHAPTER 5. TROUBLESHOOTI NG PROCEDURES FCOR SERI ES LI GHTI NG
CIRCU TS

62. GENERAL. This chapter contains general troubl eshooting procedures for
isolating a fault in all types of airport series lighting circuits. The
troubl eshooti ng procedures contained in sections 1 through 9 provide
detail ed step-by-step procedures for isolating a fault. The procedures
are based upon the assunption that the only avail abl e informati on about
the trouble i @a report of which circuit is not operating satisfactorily.

The tests are started froma check in the vault. It is presuned that the
problemis nore involved than a burned-out |anp, although these procedures
will result in isolating a burned-out lanp if that is the problem Tn

sections 1-5, eield problens are covered; in sections 6-9, vault problens
are covered

63. SAFETY.

a. Troubl eshooting tests cantained in this chapter often
i nvol ve voltages that are dangerous. Safety precautions nust be exercised
for the protection of personnel and equi prent.

b. Personnel performng the testing and troubl eshooting
procedures nust be experienced in high-voltage techni ques or nust be
adequat el y supervised. Al maintenance personnel should be thoroughly
trained in energency procedures for treatnment of electrical shock

SECTION 1. INITIAL FAULT | SOLATI ON
64. |INTIAL FAULT | SCLATI ON PROCEDURE.

a. Select the circuit to be tested and set the brightness
switch to 100 percent intensity.

b. Energize the regul ator and neasure the |load current. Be
sure current i3 set to the values given in paragraph 51. If the | oad
current is normal, proceed to step d. If the load current is out of
tol erance, adjust the current according to the procedure in the
i nstruction manual

c. |If the load current cannot be brought into tolerance,
short-circuit the output of the regulator for the circuit being tested
Energi ze the regul ator and neasure the short-circuit current for each
bri ght ness setting.

(1) If the current is satisfactory for each brightness
setting, the regulator, the incomng primary voltage, and the input
voltage circuit breakers and relays are functioning properly. The
protective and brightness controls fromthe control panel are also
satisfactory. The fault is probably in the series circuit.

(2) If the current is satiseactory for one or nore
bri ght ness setting, but is too high, too |low, or zero for other settings,
the i nput voltage and protective controls are satisfactory. The regul ator
bri ght ness controls are probably at fault.
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(3) If the current is appreciably higher or [ ower than specified
for all brightness settings, the wong input voltage has is used, the
i nput vol tage has changed, or the regulator is not operating properly.

(4) If the current reads nonentarily and then becones zero for
all brightness settings, the renote-energizing controls, the protective
rel ays, or the regulator are defective.

(5) If the current is zero at all tinmes for all brightness
settings, the fault is in the incomng primary voltage, the energizing
controls, the regulator, or the protective rel ays.

(6) If the short circuit current is out of tolerance and is
approximately the sane as the load current, the fault is in the input
voltage, in the control circuits, or in the regul ator

(7) If the short circuit current is normal but the |oad
current is too high, the load is affecting the regul ator output;
probably too nuch reactance is in the circuit. Check for the
followi ng routine mai ntenance faults at any lights which are not operating
and replace or repair as required:

(i) Burned-out | anps.

(ii) Opens in the secondary circuit of isolating
transforners.

(iii) Faulty isolating transforners.

(iv) If the maxi mum brightness current is still too high when
all lanps are back in operation, then performsection 2 checks first, then
check for adapter units newy connected into the circuit. |If there

adapter units cannot be noved to another circuit, reset the incom ng
voltage tap so that the |l oad current is correct.

(8) If the short-circuit current is normal, but the |oad current
is too low, the regulator is probably overloaded due to a series fault or
a new | oad added to the circuit, or the voltage protective device is
mal f uncti oni ng.

(9) If the short-circuit current is normal but the | oad current
is zero, there is an open fault in the field circuit, or the regulator is
greatly overl oaded, or the runway selector cabinet wiring is faulty.

d. If the load current is normal with the circuit energized,
visually check the operation of the lights in this circuit.

(1) If sone, or all, of the lights are dimor out, deenergize
the regul ator and proceed as foll ows:

(i) Beginning with the first unlighted or dimunit
fromeach end of the faulty section of the circuit, progressively check
each faulty light along the circuit for each of the follow ng routine
mai nt enance faults. 1le the eaulty lights at each end of the faulty
section are eound w thout these faults, the remai nder of
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the units in this section need not be checked. Make the required repairs as
each fault is |ocated.

(A) Burned-out |anps.
(B) Wong type of | anps.
(C Blown or omtted filmcutouts (where used).

(D) Shorts or grounds in the isolating transformer or in
the wiring of the unit.

(ii) If sone of the lights are still dimor out, there are
grounds or shorts in the circuit between the |lights of satisfactory
intensity and the adjacent |lights of unsatisfactory intensity. Repair by
replacing this section of cable. If replacing this section of cable is not
practical and nore exactly locating the position of the ground(s) is
required, refer to section 2.

(2) If all of the lights are still dimor out, carefully check
the relay and wiring in the runway sel ector cabinet to make certain that
only the proper circuit is being selected and is not being shorted out in
the sel ector cabinet. Also, check series plug cutouts, if used.

e. To determine if a fault is an open or an overl oad, deenergi ze the
field circuit and disconnect it fromthe output term nals of the runway
sel ector cabinet or constant current regulator. Wth an ohmeter on a

| owresi stance range, nmeasure the continuity of the field circuit. [If the
circuit does not have continuity or it has a resistance of severa
t housand ohns, the field circuit has an open fault. |If the circuit has

continuity, the regulator may be overl oaded (due to a ground or additiona
lighting | oad.)

SECTI ON 2. LOCATI NG GROUNDS IN THE FI ELD Cl RCUI T

65. TROUBLESHOOTI NG UNDERGROUND Cl RCUI TS. When troubl eshooting a field
circuit, the easiest procedure is to find and elimnate any grounds in the
circuit, and then proceed to rectify any other problenms. G ounds are
usual |y easier to |ocate, and often occur in conjunction w th opens,

over| oads, or shorts.

a. The nost common troubl es experienced with underground cable are
grounds, short circuits, or open circuits. The synptons produced by these
faults are dimmng of a string of lights, burning out of equipnent, or
total failure of the circuit to operate

b. Common causes of cable trouble are failure of splices, deteriora-
tion of insulation, mechanical injury to the cable (due to man, rodents,
or insects), chemical action of the soil, and damage caused by |i ghtni ng.

C. Low i nsul ati on resi stance values may be obtained for a circuit
even though there is no specific fault in the cable (paragraph 47b).
Oten this is the result of |eakage through the insulation of isolating
transfornmers and/ or cable connectors. In order to assure that the ground
fault is exclusively a cable
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probl em any suspected sections should be freed of all connections and tested
i ndependent | y.

d. The type of fault in underground cable may often be inferred from
the synmptons and nature of the failure. |If the log of insulation
resi stance readi ngs (paragraph 47) shows a gradual decline, then it
is likely that the cable insulation or a splice has failed sonmewhere. |If
the circuit catastrophically fails while excavation is going on nearby,
it is likely there was nechani cal damage. |If a string of lights is dim
it islikely that there are two faults in the circuit. Such deductive
reasoni ng may save steps in finding the problem

66. PROCEDURE FOR LOCATI NG GROUNDS. When grounds or shorts are indicated
and the location is not readily apparent fromthe appearance of the
lights, disconnect the field circuit fromthe runway sel ector cabinet or
constant current regulator and neasure the insulation resistance of each
feeder. To measure insulation resistance use an insulation-resistance
tester (paragraph 27). As each fault is cleared, repeat this

i nsul ati on-resi stance neasurenent for the circuit to determne if other
grounds exist. If a combination of faults exists, clear the grounds first
because these faults are usually easier to | ocate and often occur in
conjunction with opens, overloads, or shorts. Cear any high-resistance
grounds and then | ocate any renai ni ng opens, overloads, or ungrounded
shorts.

a. After the proper connections have been nmade between the
tester and the circuit, operate the tester for approximately 1 m nute.
At the end of this time, the insulation-resistance val ue shoul d be
recorded. |If the tester reads zero there are one or nore grounds which
nmust be | ocated before any other faults may be found.

b. In locating the ground, the first step is to conpletely
isolate the circuit to be tested fromother series circuits. By
sectionalizing the field circuit and taking insulation-resistance readings
on each section, the ground can often be found rather quickly by the
sinple process of elimnation. The field circuit can be first divided in
one-half, then in one-fourth, then one-eighth, and so on, until the
section of cable with the ground fault is |ocated.

c. |If the resistance of each feeder-to-ground is fairly high
(between 1000 ohms and 10 negohmns) but is not adequate for a good circuit,
there are one or nore high-resistance grounds. To |ocate high-resistance
grounds, use an inpul se generator/proof tester, insulation resistance
tester, or high resistance fault tester.

d. If the resistance of each feeder-to-ground is very high or
infinite (above 10 megohns) and the intensity of all of the lights is
satisfactory, the regulator and this specific field circuit have been
proven satisfactory. |If sone or all of the lights are out, there is an
ungrounded short.

e. |If the resistance of one feeder-to-around is |ow or
unsatisfactory and the resistance of the other feeder is nuch higher, the
faults are a conbinati on of grounds, opens, or poor circuit conductivity.

f. To locate a ground by using an intentional ground and
energizing the circuit with the | oad connected to the regul ator, ground
one of the feeders in the
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vault. Energize this circuit with the regulator and nake a visual check of
operation of each of the lights in this circuit.

(1) If sone of the lights are out or dim there is a ground
fault between the last light operating satisfactorily and the adjacent
light that is operating unsatisfactorily.

(2) If all of the lights are out or dim the ground fault is in
the feeder without the intentional grounds.

(3) If all of the appear to operate satisfactorily, nove the
i ntentional ground to the other feeder; energize the circuit and nmake a
vi sual check of the operation of the lights as descri bed above.

(4) If the lights appear to operate satisfactorily when each
feeder is tested with the intentional ground, the fault may have
resi stance too high for a change in intensity to be recogni zed.

SECTI ON 3. LOCATI NG UNGROUNDED SHORTS I N FI ELD Cl RCU TS

67. | SOLATI NG UNGROUNDED SHORTS. When ungrounded shorts are indicated,
an initial analysis should be made by energizing the circuit and visually
determ ning which lights are operating. Then, the fault may be further

i solated by losing a clanp-on ameter or performng a circuit analysis
test as described bel ow

a. The initial analysis of ungrounded shorts is made by inspecting
the operation of the lights with the circuit energized.

(1) If sone of the lights are operating satisfactorily but
others are out, the short is between the lighted and the adjacent
unlighted units. Repair by replacing the faulty cable or connectors
between the lights.

(2) If all of the lights are out, the short is between the
f eeders.

b. To Il ocate ungrounded shorts losing a clanmp-on ameter, select a
test point. The lights may give a hint where the problemarea is; if not,
select a test point at the start of one feeder and progress systematically
through the field circuit. Connect the ameter around the conductor of
the circuit. Energize the circuit with the regulator and read the current
inthe circuit at the test point.

Warni ng: Do not conme in contact with the cable or nmeter while
the circuit is energized. |If the nmeter nust be handled or attached to
the circuit while the circuit is energized, use a hot-line clanp-stick

(1) If the current in the circuit at the test point is
approximately normal, the short is beyond the test point.

(2) If the current in the circuit at the test point is very | ow
or zero, the short is between the test point and the regul ator.
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(3) Continue noving the test point forward until the fault is
| ocat ed.

c. To locate ungrounded shorts by open-circuit tests, select a test
poi nt as described above. Open the circuit. Keep the open clear of the
ground and personnel clear of the circuit. Energize the circuit with the
regul ator and check to see if the protective relays turn off the
regulator. This test may be used only with regul ators that have built-in
open circuit protection circuitry.

Note: If the regulator turns itself off, do not energize the
circuit again until the open at the test point has been reconnected and
a new test point has been sel ected.

(1) If the protective relays turn off the regulator, the test
poi nt is between the ungrounded short and the regul ator.

(2) If the protective relays do not turn off the regulator, the
ungrounded short is between the test point and the regul ator.

(3) Reconnect the circuit at the test point and continue noving
the test point toward the short until it is |ocated

(4) Repair both sections of cable which contain the short.
SECTI ON 4. LOCATI NG OPENS IN FI ELD CI RCU TS

68. | SOLATING OPEN CIRCUI TS. Before checking for open circuits, Se sure
that any grounds are renoved as described in section 2. An insulation
resi stance test provides the quickest check. If the insulation resistance
of both feeders is satisfactory, the ungrounded open fault can be found
using the intentional ground and open circuit test, the installation
resistance tester, or the cable test set.

a. To locate ungrounded opens by using the intentional ground and
open-circuit test, intentionally ground one of the feeders of the circuit
in the vault and then, by energizing the circuit with the regul ator,
determine if the circuit will break down to ground at the open fault.
Check the operation of the regulator as it is energized to see if the
open-circuit protective relays (if included) turn the regul ator off.

(1) If the protective relays do not turn off the regulator, the
circuit has become grounded beyond the open fromthe intentionally
grounded feeder.

(2) If the protective relays turn off the regulator, the circuit
beyond the open fromthe intentionally grounded feeder does not break down
to ground.

(3) Move the intentional ground to the other feeder and repeat
t he above steps.

(4) Sectionalize the circuit, using intentional grounds by
groundi ng one feeder in the vault, and at a selected test point, also
ground the conductor of the
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circuit wi thout breaking continuity. Energize the circuit and check the
operation of the regulator to see if the protective relays turn it off.

(5) If the protective relays do not turn off the regulator, the
open fault is between the intentional grounds.

(6) If the protective relays turn off the regulator, both
i ntentional grounds are on the sanme side of the circuit fromthe open
faul t.

(7) Continue noving the test point and intentional ground in the
field toward the open fault and checking the regul ator operation until the
fault is | ocated.

b. To | ocate ungrounded opens by resistance nmeasurenents, disconnect
the feeders fromthe runway sel ector cabinet and intentionally ground one
feeder of the circuit in the vault. Then at a selected test point,
mai ntai ning continuity of the circuit, neasure the resistance between the
conduct or and ground.

Note: The ground at the selected test point nust provide
adequate continuity to the systemground. |If desired, the circuit may be
grounded at the selected test point and the measurenents nmade in the
vaul t.

(1) If the resistance is very high or infinite, the open
fault is between the test point and the grounded feeder.

(2) If the resistance to ground is |ow or zero, the test
point is between the open fault and the grounded feeder.

(3) Continue noving the test point toward the open until
the fault is |ocated.

C. To | ocate ungrounded opens with the cable test set, study the
instructions given in the operations handbook for |ocating open faults.
The signal generator should be operated with the "OUTPUT | MPEDANCE" switch
inthe "H" position, and the anplifier gain will have to be nmuch hi gher
than that required for the same response froma grounded cable. The
characteristics of the signal at the fault nmay al so be much different from
the indications at a ground fault.

d. If the open vault cannot be |ocated with the cable test set,
performthe intentional ground and open-circuit test or performthe
resi st ance- neasurenent test.

e. Avoltneter may al so be used to |ocate ground vaults or open
circuits using probes. This technique is not suitable for |ights nounted
in paved areas. The procedure is described bel ow

(1) Deternmine type of faults, i.e., whether open circuit or
grounded. If grounded, lights will burn dinmy between grounded points;
or there will be a section of lights out. |If open circuit, a
hi gh-resi stance reading will be obtained
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bet ween ends of the field |loop cables at the regulator, and the open-circuit
protector of the regulator will be tripped (if so equipped).

(2) If cables are determned to be grounded, the regulator can
be turned "ON." If cables have an open circuit, disconnect the cables from
the regul ator and connect two 300-watt incandescent lanps in parallel wth
each other and in series with the lighting circuit. Connect to |20 volt
AC source (or use two 300-watt lanps in series with each other and in
series with the lighting circuit and use 208-volt or 240 volt supply).
This will Iimt the current to 0.8 amperes (120 V) or 0.4 anmperes (240 V).

(3) Use a sensitive VOMw th an input inpedance not |ess than
20, 000 ohms/volt AC. Connect the neter terminals for AC volt mneasuremnent
to a l/2-inch-dianeter solid-alumnumrod 4-feet long with 25 feet of No.
12 or No. 14 wire.

(4) Set neter on high AC scale and work down to | ow scal e.
Starting at honme, run circuit over the underground cabl es; probe every 3
feet along the conductor while an assistant probes approximately 20 feet
behi nd you along the series lighting circuit with the other probe. The
probe should be pressed into the ground a couple of inches. Never change
scal es without the probes being planted in the earth. The nmeter nmay read
as high as 300 volts AC or as low as 0.001 volt AC. Di msections of

lights will read between 3 to 50 volts AC, when directly over the fault.
(The hi ghest reading obtained will be directly over the fault.) Lights
that are conpletely out will have a higher voltage reading.

g. Exanple Problenms. The follow ng are several exanples of finding
| ocations of open circuits in series lighting circuits:

(1) One Open in the Crcuit.
(i) The follow ng conditions exist:
(A) There is only one open in the circuit.

(B) The circuit is free fromgrounds, including the
| ocati on of the open.

(C The earth (ground) resistance is relatively | ow
(ii) Use the followi ng procedure to | ocate the open:
(A) Disconnect the series-loop wires fromthe
regul ator-output termnals or runway circuit selector. Call these wres
LI and L2. (See figure 5-1 .)

(B) Gound LI and the m dpoint of the series |oop at Gn
wi t hout breaking continuity.

(G Check with a negohmmeter for continuity across LI
and L2.
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(D) If there is continuity, the open is betweenlLl and

(E) If there is no continuity, the open is between L2 and

Figure 5-1. Test exanple No. 1.

(F) To doubl e check the above finding, renpve ground
fromLl and ground L2 and repeat the procedure.

(G Were the open is between LI and Gm ground LI and
nmove ground Gmtoward LI along the circuit to |ocations (light stations),
d, &, G3, etc. Gound one location at a tine. (See figure 5-2.)

(H The open is between the |last ground |ocation (&)
which will give continuity across LI and L2 and the first ground | ocation
(G3) which will cause no continuity LI and L2

Figure 5-2. Miltiple grounding, exanple No. 1

(I') I'n case the continuity is obtained with circuit
grounded at the last light on LI side of the loop (closest to the LI,
i.e., where the hone run begins), then the open is on thelLl side of the
hone run
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(J) To verify this, nove ground fromLl to L2; |eave
ground at the last light (as in previous step).

(K) When check for continuity is made across LI and L2,
t here should be no continuity.

(L) Where the open is between L2 and Gm use steps (Q
t hrough (K) but in place of LI, use L2.

(2) Several opens in the circuit.
(i) The followi ng conditions exist:

(A) There is nore than one open in the loop circuit, and
they may be anywhere in the | oop.

(B) The circuit is free fromall grounds, including at
open fault | ocations.

(C) The earth (ground) resistance is relatively | ow
(ii) Use the followi ng procedure to | ocate the opens:
(A) Disconnect the series |loopwires fromthe regul ator
or circuit-selector switch output termnals. Call these wiresLl and L2.
(See figure 5-3.)

(B) Gound LI and m dpoint of the loop at Gnwhile
mai ntai ni ng continuity.

(G Check with a negohneter for continuity across LI and
L2.

(D) If there is continuity, there are no opens between
L2 and Gn and therefore all the opens are between LI and Gn

(E) If there is no continuity, there are opens between

L2 and Gn This does not nean that there are no opens between Ll and
Gm

Figure 5-3. Exanple No. 2.
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(F) To find out whether there are any opens between LI
and Gn renove ground fromLl and ground L2, |leave Gmnin, and repeat steps
(O, (D, and (E).

(G Were the opens are only between Ll and Gm ground
LI and nove ground Gmtoward LI along the circuit to |locations (light
stations) A, &, G3, etc. Gound one location at a tine. (See figure
5-4.)

(H The first open is between the |ast ground | ocation
which will give continuity across LI and L2 and the first ground | ocation
which will cause no continuity across LI and L2.

(I') Repair the open and continue noving the ground
toward LI until all opens are | ocated and repaired.

Figure 5-4. Open circuits in one |leg, exanple No. 2.

(J) When the opens are only between L2 and Gm repeat
steps (G through (1) but in place of L1, use L2.

(K) Where there are opens between LI and Gmas well as
between L2 and Gn (in both halves of the |oop), ground L2; [eave Gmin.
(See figure 5-5.)

(L) Gound a point () near LI (preferably the first
light on that side of the |oop) and continue nmoving this ground () to
locations &, &3, etc., away fromLl. Check the continuity at each
posi tion.

(M The first open is between the |ast ground | ocation
whi ch gives continuity across LI and L2 and the first ground |ocation
whi ch gives no continuity across L1 and L2.

(N) Repair the open and continue noving the ground
toward Gmuntil all opens between LI and Gm are repaired.
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Figure 5-5. Open circuits in both |legs, exanmple No. 2.

(0) To find opens between L2 and Gm use steps (K) and
(N), but in place of LI, use L2.

SECTION 5. OVERLOADS IN SERI ES Cl RCU TS

69. | SOLATI NG OVERLOADS IN SERIES CIRCU TS. A circuit is overloaded when
there are areas of poor conductivity (high resistance) in the circuit

| oop, or when extra lights have been added to the circuit and the total

| oad is increased beyond the capacity of the regulator. An overl oad

is indicated when the regul ator provides reduced current to the field
circuit on all steps, yet the regulator current is normal when the outputs
are short circuited. |If an overload is indicated and the possibility of
grounds on the circuit has not already been investigated, check for
grounds by follow ng the procedure in paragraph 66.

a. |If the insulating resistance of the circuit is not
satisfactory, sonme conbination of grounds and an overl oad exi st, such as
hi gh-resi stance grounds on each side of an open or a high-series
resi stance and ground fault. Use the cable test set, insulation
resi stance neasurenents, or the intentional ground procedure to isolate
the fault.

b. If the insulation resistance of the circuit is
satisfactory, the circuit is clear of grounds. To |locate the overload,
sectionalize and take | oad current neasurenents, or conpare the actua
load to normal circuit | oads.

c. Sectionalizing Procedure. To |ocate overl oads
(particularly those caused by high-series resistance faults or by open
faults which have become partially grounded) by sectionalizing, turn off
the regul ator; renove a section of the load fromthe circuit by shorting
it out with a junper or length of cable. Energize the renmainder of the
circuit and reneasure the output |oad current.

(1) If the load current is still low, or the
protective relays continue to turn off the regulator, the fault is in the
section of the circuit still being energized by the regul ator
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(2) If the load current is now normal, the fault or
overload is in the section of the circuit which is short-circuited.

(3) Continue sectionalizing by noving the junper
toward the fault or overload until the fault is | ocated.

d. Conparison Procedure. To |locate overloads by conparing the
actual load on the regulator to the nom nal load of the circuit, determ ne
the actual |oad by accurately nmeasuring the output voltage of the
regul ator and the load current at brightness step B5. Conpute the actua
| oad as the product of the output voltage and current. Conpute the
nom nal |load of the circuit including!losse@and any recent additions to
the circuit. Compare the actual load to the normal |oad of the
circuit and to the naneplate of the regul ator.

Note: If the protective relays turn off the regulator or the
| oad current is nore than 10 percent bel ow rated value, do not use this
net hod to obtain the actual | oad.

(1) If the nom nal |oad and the actual |oad are approximately the
same but they exceed the rating of the regulator, redistribute the |oad
to another regulator or replace the regulator with a regul ator of adequate
capacity.

(2) If the actual |oad exceeds the nom nal |oad and the rating of the
regul ator, the circuit has a high-resistance fault.

(3) Sectionalize by connecting a suitable junper or length of cable
bet ween convenient test points of the circuit. Conpute and conpare the
actual load and the normal | oad for the section of the circuit still being
energi zed by the regul ator.

(i) If the actual load current and the normal load for this
section of the circuit are approximtely the sane, the fault is in the
section of the circuit that is not shorted out and not being energized.

(ii) If the actual | oad exceeds the normal load for this section
oe the circuit, the fault is in the section of the circuit still being
energi zed by the regul ator.

(4) Continue sectionalizing by noving the junper toward the fault and
computi ng and conparing the actual |oad and the norrmal | oad of the section
of the circuit still being energized by the regulator until the fault is
| ocat ed.

SECTION 6. | NPUT PONER ClI RCUI TS

70. I NPUT POAER CI RCUI T FAULT | SOLATION. This section contains

st ep-by-step procedures for locating faults in the input power circuit.
Be certain that no one is working on or near a deenergized circuit before
attenpting to energize it.

a. 1In checking the input voltage, first check the operation of
lights or other equipment in the vault that are connected to the same
phase of power. If the
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lights or other equipment on this circuit do not operate, the input power
circuits are not energized.

b. If the lights and other equipnment on this circuit are operating,
set the switches, relays, and contractors in the required position for
energi zing the regul ator.

(1) Check for humand vibration of the input transformer of the
regul ator as the renmote-control oil switch, the input switch, or the main
contractor is nonmentarily placed in the manual "ON' position and then
returned to "OFF" or "AUTO' position

(2) If the energizing controls cannot be set for energizing the
regul ator, the energizing controls have fail ed.

(3) If humor vibration occurs, the input voltage is avail abl e;
there may be a fault in the renote-energizing control circuit, in the
regul ator, or the incom ng voltage nmay be too | ow

c. If no humor vibration occurs, check the input circuit for bl own
fuses, tripped circuit breakers, opened cutouts, and switches in the "OFF"
posi ti on.

(1) If the switches or circuit breakers are in the "CFF"
position or a cutout is open, make certain that no one is or will be
working on the circuits. Then close the switch, circuit breakers, or
cut out s.

(2) If fuses are blown or a circuit breaker is tripped, replace
the fuse or reset the circuit breaker only once to determine if it now
hol ds as the regulator is energized again

(i) If the fuse or circuit breaker holds, the trouble is
over, but keep this in mnd should the device open again

(ii) If the fuse blows or the circuit breaker trips again,
check for any possible overl oads which could cause this protective device
to fail; e.g., grounds or shorts on the input circuit, inadequate capacity
of the fuse or circuit breaker to handl e the total possible |oad, other
| oads beside the regul ator which could overload this conponent in nornal
or faulty operation, or two or nore brightness relays closed or energized
at the same tinme creating a short on the transformer in the regul ator
Only after other possible causes of this overload have been el i m nated,
assune that the fault is in the regul ator.

(3) If the switches are in the proper position and the
overcurrent protective devices still provide continuity, deenergize the
circuit and check for opens, especially at connections, term nals,
term nal bushings, switches, circuit breakers, fuse cutouts, and input
switch contacts. Also check the taps on the regul ator input for proper
seating and the input wi nding of the input transformer of the regul ator
for continuity.

(i) I'f an open circuit is found, make the repairs.
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(ii) If the tap-selector switch (if used) is not seated
properly, reset the switch to the "CURRENT" position.

(iit) If the input switch contact is burned off or fails to
cl ose, then the input switch has been overl oaded or worn.

(iv) If the input winding of the input transformer of the
regul ator is open, the regulator has failed internally.

(v) If there are no opens in the input circuit, neasure
the input voltage at the input termnals of the regulator as follows.
Di sconnect the input circuit fromthe primary supply system and connect
a suitable potential transforner and/or voltneter (using adequate |eads)
to the input termnals of the regulator. Reconnect the input voltage to
the regul ator, energize the normal |oad, and determ ne the input voltage
to the regul ator.

Warni ng: Use extrene care in nmeasuring high voltages. Do not cone
in contact with the potential transformer, the voltmeter, or the |eads,
while the circuit is energized.

(A) If the input voltage is present but does not agree with
the taps or tap-selector switch setting, reset the taps or tap-selector
switch to agree with the input voltage when the regulator is energizing
its normal load. Note that regulators larger than 70 kWwi ||
automatically conpensate for an input voltage deviation of + 10 percent.

If the input voltage is outside this tol erance, contact the |ocal power
company and have it corrected. |If this is not practical, autotransforners
may be used to adjust the input voltage.

(B) If the input voltage is present but it is not within
the range of the tap or tap-selector switch (when used), connect the
regul ator to a suitable source of power by using the required distribution
transfornmers or use a regulator with an input rating suitable for this
i nput vol t age.

(O If the input voltage is present and agrees with the
setting of the taps or tap-selector switch, the regulator is not operating
satisfactorily, and the fault is in the brightness controls, in the
regulator, or in the load circuit.

(4) If the input voltage is zero, continue noving the potentia
transfornmer and/or the voltmeter toward the source of power and repeating
t he vol tage neasurenents until the fault is located. Note that the
circuit nust be deenergized every tinme the nmeter is noved.

(i) Wen the point of failure of the input voltage
is located, make the repairs.

(ii) If the incom ng power |ines are dead and
cannot be restored by facility personnel, notify the power conpany or other
| ocal authority.

(5) Inspect the operation of the brightness relays in the
regul at or.
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(i) Be sure only one relay is closed as the regul at or
is energized. |If no relays or two relays are engaged, check the renmpte and
| ocal brightness selection controls for the fault.

(ii) Check the wiring in the brightness control circuitry
for 1 oose wires, shorting, or other damage.

(ii1) Check the condition of the points on the brightness
rel ays, and recondition or replace as necessary.

(iv) If the regul ator does not change brightness steps
properly when renotely controlled, the problem may be inductance between
renote control |ines.

(6) If the renote-energizing controls operate satisfactorily, check
the continuity of the regul ator secondary with an ohmmeter. Be sure the
i nput power is disabled, either by opening a switch or renoving the lines,
then renmove the output cables and nmeasure the resistance across the out put
term nal s.
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APPENDI X 1. STANDARDS AND TOLERANCES

1. PURPCSE. This appendi x contains standards and tol erances for visual
aid equi pmrent and systems as contained in the follow ng tables;

Tabl e Equi prent or system

1 Beacons

2 Medi um i ntensity approach lighting
systems (MALS, MALSF, and MALSR)

3 Omi directi onal approach lighting
systenms (ODALS)

4 Lead-in lights

5 Runway end identifier lights (REIL)

6 Vi sual approach slope indicators
(VASI )

7 Runway and taxiway |ighting systens

8 Phot oel ectri c devices

9 St andby engi ne generators
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Tabl e 1. Beacons

Tolerance/limit
Parameter Standard Initial Operating
1. Rotation
Speed
a. 10-inch 6 rpm Same as standard +/-1 rpm
12 rpm Same as standard +/-1 rpm
b. 36-inch 6 rpm Same as standard +/-1 rpm
2. Input Voltage Same as lamp +/- 3% +/- 5%
voltage rating
3. Vertical Locally estab- +/-1/2 degree Same as
aiming lished between from established initial

2-10 degrees

angle




b. Horizon-
tal

5. Obstruc-
tions due
to vege-

tation, etc.

Parallel to
runway center-—
line

No obstruction

Table 2. Mediumlintensity Approach Lighting Systems (MALS, MALSF,
MAL SR)
Tolerance/limit
Parameter Standard Initial Operating
1. Light units
operational
a. Steady All All 15% lamps out
burning (random) -2 lamps
out in 5-light bar
- 1 light bar out
b. Flashing
All All 1 Unit out
2. Flashing
rate 120 fpm +/-2 fpm +/-2 fpm
3. Input volt- 120 V or +/-3% +/-5%
age 240 VvV
4. Light unit
alignment
a. Vertical Locally +/-1 degree +/-2 degrees
established

+/-1 degree +/-2 degrees

Same as standard Same as standard




Table 3. Qmi -directional

approach lighting systenms (ODALS)

Tolerance/limit

Parameter Standard Initial Operating
1. Light units All All 1 unit out
operational
2. Input voltage 120 V or +/-3% +/-5%

240 VvV
3. Flashing rate 60 fpm +/-2 fpm +/-2 fpm
4. Light unit Level +/-1 degree +/-2 degrees

level

5. Obstructions
due to vege-
tation, etc.

No obstruction

Same as standard

Same as standard




Tabl e 4.

Lead-in-lights

Tolerance/limit

Parameter Standard Initial Operating
1. Light units All All 1 unit out in 3-

operational light cluster
2. Flashing Locally +/-2 fpm +/-2 fpm

rate established
3. Input 120 V or +/-3% +/-5%

voltage 240 VvV
4. Light unit

alignment

a. Vertical |Locally estab- +/-1 degree +/-2 degrees

lished
b. Horizon-
tal Locally estab. +/-1 degree +/-2 degrees

5. Obstructions No obstruction Same as standard Same as standard

due to vege-
tation, etc.




Tabl e 5.

Runway end identifier

lights (REIL)

Parameter

Standard

Tolerance/limit

Initial

Operating

1. Light unit
operational

2. Flashing rate

a. Unidirect-
ional type

b. Ominidirec-—
tional type

3. Input
voltage

4. Alignment
(Unidirec-
tional)

a. Vertical

(1) wWith
baffles

(2) Without
baffles

b. Horizon-
tal

(1) With
baffles

(2) Without
baffles

6. Light
leveling
(omni-
directional)

7. Obstructions
due to vege-
tation, etc.

All

120 fpm

60 fpm

120 V or

3 degrees

10 degrees

10 degrees

15 degrees
(Away from runway
centerline)

Level

No obstruction

All

+/-2 fpm

+/-2 fpm

+/-3%

+/-1 degree

+/-1 degree

+/-1 degree

+/-1 degree

+/-1 degree

Same as standard

All

+/-2 fpm

+/-2 fpm

+/-5%

-1 degree
+2 degree

+/-2 degrees

+/-2 degrees

+/-2 degrees

+/-2 degrees

Same as standard




Tabl e 6. Visual approach slope indicators (VASI)

Tolerance/limit
Parameter Standard Initial Operating
1. Lamps burning
a. VASI All All Not more than one
b. SAVASI All All lamp out per box
2. Vertical
aiming (VASI and
SAVAST)
a. Downwind 1/2 degree below
bar (bar no. 1) |established glide +/-2 minutes +/-6 minutes
path angle (1)
b. Upwind bar|Established glide
(bar no. 2) path angle +/-2 minutes +/-6 minutes
3. Vertical
aiming (3-bar
VAST)
a. Downwind 2.75 degrees +/-2 minutes +/-6 minutes
bar (bar no. 1)
b. Middle bar 3.0 degrees +/-2 minutes +/-6 minutes
(bar no. 2)
c. Upwind bar 3.25 degrees +/-2 minutes +/-6 minutes
4. Horizontal Parallel to +/-1/2 degree +/-1/2 degree
alignment runway centerline
5. Tilt switch 1/4 to 1/2 Same Same
degree below and as standard as standard
1/2 to 1 degree
above established
light bar angle
|
6. Lamp current Rated current Same as regulator currents
(current- of lamps listed in par. 51 for type
regulated) of regulator used
7. Lamp voltage Rated voltage +/-3% +/-5%
(voltage-— of lamps
regulated)
8. Obstruction Same Same
due to veget- as standard as standard
ation, etc.




Table 7. Runway and taxiway |ighting systens

Tolerance/limit
Parameter Standard Initial Operating
1. Runway lights
a. Threshold All on All on 75% on for VFR and
lights non-precision IFR

runways (2)
b. End lights All on All on 75% on
c. Edge lights All on All on 85% on except for

CAT 2 & 3 runways
which require 95%

on
d. Centerline All on All on 95% on
lights
e. Touchdown All on All on 90% on
zone lights
2. Taxiway All on All on
lights
a. Edge lights All on All on 85% on
b. Centerline All on All on 90% on
lights

(1) In order to provide continuity of guidance, the allowabl e percentage of
unservi ceabl e lights should not be in such a way as to alter the basic pattern
of the lighting system Additionally, an unserviceable |lights should not be

adj acent to another unserviceable Iight except in a barrette or a crossbar where
two adj acent unserviceable lights may be permitted. Wth respect to barrettes,
crossbars and runway edge lights, lights are considered to be adjacent if

| ocat ed consecutively and:

laterally - in the same barette or crossbar; or
longitudinally - in the same row of the edge lights or barrettes.

(2) Threshold lights for precision runways are part of the approach lighting
system and are not included in this table.
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Table 7. Runway and taxiway |ighting systens (continued)

Tolerance/limit

Parameter Standard Initial Operating

3. Lamp current Amperes Amperes Amperes

(series circuit)

a. 3 step, 6.6A 6.6 6.40-6.70 Same
5.5 5.33-5.67 as
4.8 4.66-4.94 initial

b. 5 step, 6.6A 6.6 6.40-6.70 Same
5.2 5.04-5.36 as
4.1 3.98-4.22 initial
3.4 3.30-3.50
2.8 2.72-2.88

c. 5 step, 20A 20.0 19.40-20.30 Same
15.8 15.33-16.27 as
12.4 12.03-12.77 initial
10.3 9.99-10.61

8.5 8.24-8.76
4. Lamp voltage Lamp voltage +/-3% +/-5%
(parallel rating
circuits)




Tabl e 8. Photoel ectric devices

Tolerance/limit
Parameter Standard Initial Operating
1. Photocell
operation (VASI)
a. Turn-on to 55 ft-cd +/- 5 ft-cd Same as initial
high setting
b. Turn-on to 30 ft-cd +5 ft-cd Same as initial
low setting
2. Photocell
operation (wind
tee, beacon,
runway lights)
a. Turn-on below 55 ft-cd +/-5 ft-cd Same as initial
b. Turn-off above 30 ft-cd +/-5 ft-cd Same as initial
3. Vertical 25 degrees +/-5 degrees Same as initial
orientation from vertical
4. Horizontal True north +/-5 degrees Same as initial

orientation
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Tabl e 9. Standby engi ne generators

Tolerance/limit
Parameter Standard Initial Operating
1. Starting 15 seconds or same as standard same as standard

time (1) less

2. Potential
relays commer-—
cial power

a. 120 V system
Dropout 108Vv +/-3
Pickup 114v +/-3

Same as initial
Same as initial

<<

b. 208 V system
Dropout 191 v +/-3
Pickup 191 v +/-3

Same as initial
Same as initial

<<

c. 240 V system

Dropout 200 VvV +/-3 V Same as initial
Pickup 210 Vv +/-3 V Same as initial
d. 480 V system
Dropout 455 V -0,+5 V Same as initial
Pickup 465 V -0,+5 V Same as initial
3. Potential
relay engine
power
a. Pickup
voltage
120 v 112 v +/-3 V Same as initial
208 v 197 v +/-3 V Same as initial
240 vV 210 v +/-3 V Same as initial
480 V 465 V -0,+5 Vv Same as initial
b. Dropout N/A N/A N/A
voltage
4. Pickup 60 Hz 57-60 Hz Same as initial
frequency
(1) For CAT-I1 operations, the engine generator is normally started and used
for prime power. |In the event of geneator failure during this time, it is
required that the CAT-11 lighting | oad be switched back to commercial power

within 1.1 seconds.

11



Table 9. Standyby engi ne generators (continued)

Tolerance/limit

Parameter Standard Initial Operating
5. Time delay 15 minutes 15-20 minutes Same as initial
setting (2)

6. Voltage Set to match +/-3 V Same as initial
regulator commercial power

7. Frequency Contacts to open Same as standard Same as standard
sensing device below 57 Hz

8. Transfer 1-3 seconds Same as standard Same as standard
relay (3)

9. Frequency 60 Hz +/-5 Hz Same as initial
10. Output
voltage (4)

a. 120 V system 114-126 V Same as standard Same as standard
b. 280 V system 197-218 Vv Same as standard Same as standard
c. 240 V system 228-252 VvV Same as standard Same as standard
d. 480 V system 456-504 V Same as standard Same as standard

(2) Maxi mum before transfer to conmercial power - not valid where manua
transferto commerci al power is made.

(3) At facilities where the comercial power source has a record of nonentary
transients resulting in voltage drops, unnecessary engine starts and power
transfer may be elim nated by increasing the tol erances, of the PR relays or
undervol t age devi ces dropout and pickup voltage settings shown in this table.
The tol erances may be extended to, but no exceed, the acceptable frequency and
vol tage characteristics of the facility equipnment. Any voltage regulators
installed to stablize the cormmercial voltage to the facility will be
considered facility equipment. The TR relay or device tinme delay may be

ext ended beyond 3 seconds to where, under normal starting conditions, the
power fromthe engine generator will be available to the facility within 15
seconds after commercial power failure. The locally established tol erances
shal |l be posted on the inside of the engine generator control panel door near
the PR and TR rel ays.

(4) Adjust output voltage to match service entrance voltage or facility
requi rements
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