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Chapter 1

INTRODUCTION

Category III Instrument Landing Systems (ILS) of the conventional
VHF/UHF type has been introduced for actual operation in the
United States. Further implementation of several systems is
anticipated within the near future. The Category III ILS
represents the latest existing ground electronic guidance system
designed to best meet demands for high dependability during
aircraft approach and landing in very limited visibility.

The continued development of ILS over the years has made it

possible for pilots during inclement weather to an every increasing
extent depend on the ILS for safe and efficient guidance in airport
approaches and landings. Categories of ILS operation as defined

in the Aeronautical Telecommunications Aunex 10 to the Convention

of Internatonal Civil Aviation (ICAO Annex 10) are used to describe
operation under different visibility conditions. Category IIIA
operation represents at the present the minimum weather conditions
during which commercial operations are possible. The ground equip-
ment required for Category IIIA operation, including Category III

ILS and certain runway lighting aids and RVR equipments will permit
"hands-off" landing by a qualified aircraft crew in forward visibility
down to 700 feet and no decision height. By comparison, u Category II

system provides landing capability under minima not lower than a
100 foot decision height and forward visibility down to 1200 feet.

Although the nominal radiated signal characteristics are the same
for Category I, II, or III, the difference in the ILS equipment
itself cuvresponding to higher categories of service is represented
by extension of guidance required along the runway itself and by
refined accuracy and tighter tolerance capability in the ground
equipment as described in the ICAO Annex 10.

Additionally, an outstanding characteristic of the Category III ILS
is that the reliability and the availability of the system must be
the best achievable in order not to compromise the ILS signal
during the final phase of an aircraft Category III ILS approach.
Usually, actual Category III conditions are relatively infrequent
at most airports but the characteristics of the Category III ILS
will enhance safety and availability for Category II and I ILS
operation as well.

A complete Category III ILS consists typlcally of a VHF localizer

with dual transmitters, a wide aperture antenna and redundant
monitors, a UHF glide slope with dusai transmitters and redundant
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monitors, dual 75 MHz transmitters for the inner, middle and outer
markers, plus remote control and monitor indicator equipment at the
airport control tower.

The following pages in this report precent a general overview and
insight into the Category III ILS ground equipment which has been
developed under a program of the Systems Research and Development
Service of the Federal Aviation Administration and single out
significant results obtained from the development. For additional
detailed information attention is invited to the reference documents
which cover specific details of the development effort and the
technical aspects of the equipment itself.
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Chapter 2

BACKGROUND

2.1 Early development efforts

The FAA first undertook development work of a Category III ILS
in the early 60's. This development resulted in separate major
equipment contributions by five different U. S. manufacturers
and the furnished equipment was intended to be evaluated at the
National Aviation Facilities Experimental Center (NAFEC),
Atlantic City, New Jersey, as a system. The system wes never
fully completed, however, and consequently did not undergo a
complete system evaluation. Specific problems included lack of
main/standby equipment transfer capability within two seconds,
as required, an unsuccessful and delayed localizeY near field
monitor development and general equipment instability and
reliability shortcomings. A summary NAFEC letter report on the
evaluation of the furnished equipment is included as Appendix B
of this report. :

POTCNP )

Although the initial Category III ILS development was unsuccessful,
continuing R&D work leading to improvements in ILS during the
1960's contributed to an improved base of knowledge for specifying
p ri.ormance requirements for a Category III ILS.

2.2 STAN 37/38

Concurrent with the U. S. effort at NAFEC, the United Kingdom

had worked on the davziopment of a Category III system which

resulted in a system designated STAN 37/38. Later, an agreement

was reached between the U. K. Board of Trade and the FAA for FAA

to perform a jointly agreed evaluation plan of this system at NAFEC,
The system was installed as an 85 foot antenna array localizer and

an M~array glide slope. The evaluation plan included an evaluation

of system performance against ICAO Annex 10 Category III ILS
requirements but was primarily for the purpose of evaluating the
integrity of localizer and glide slope executive monitor systems

under conditions of transmitter antenna malfunctions and environmental
factors, inclucing overfligkts. Following the installation and
evaluation efforts which were completed during the period from

August 1969 through May 1971, the system was transferred and installed
at the Dulles International Airport as a wide aperture 185 foot antenna
localizer and a null reference glide slope for an operational eval-
uation which eventually resulted in an FAA purchase of the system

and commissioning it as a Category III ILS. FAA reports FAA-RD-72-50
"Test and Evaluation of Category III ILS Ground Guidance Equipment

-3 -




'STAN ".! Localizer Tes.s at NAFEC on R/W-4'" and FAA-RD-72-105
"Test and Evaluation of Category III ILS Ground Guidance Equipment
*STAN 38 Glide Slope Tetts at NAFEC on Runway 4'" describe the
evaluation and tests on the STAN 37/38 equipment.

An important conclusion from the NAFEC tests on the STAN 38 was a
validation of the FAA practice of always requiring a separate zlide
slope clearance signal with the M-array.

2.3 Recent Category III ILS development

Although it would have been possible to implement nominal Category
III ILS equipment in the U.S. by procuring additional STAN 37/ 's
and/or French equipment claimed suitable for Category III ILS, a
decision was made in order not only to develop U. S. domestic cap-
ability, but also, to implement improvements over already existing
system designs. The development effort was not required to be 100
percent new development as it was intended that advantage should be
taken as much 8s possible of already existing modern solid state
design, in major units such as transmitters, moniters, etc., and
modify and assemble these as a system ueing appropriate redundancy
to achieve vhe highest feasible system reliability and availability.
The approach was taken &s a practical compromise to save time as well
as expense.

Texas Instruments, Incorporated (TI) was awarded a comntract on
June 30, 1971, to develop and furnish two Category 1II ILS (FAA
MARK III ILS) »=.d to install one of these at NAFEC. Tha contract
was later amended to include the installation of the second system
at the William B, Hartsfield Atlanta Internatioc.al Airport and to
furnish a third system for installation at the Sen Francisco
International iirport. The NAFEC system has undergone extensive
evaluation at NAFEC since its installaticn includinl e localizer
monitor integrity evaluation with antenna malfunctions by Oh.o
University in February 1973. The overall MARK IIT evaluation

at NAFEC is being covered in a separate NAFEC report yet to be
published. The Atlanta system was commissioned as Category III
on November 28, 1974, and the NAFEC system on Junuary 16, 1975,
as Category I, however, altlouygn the MARK III by itself met
Category III ILS requirement:, The San Francisco system was
installed during the summer of 1975 and later also commissioned.

In a related equipment develcpment effort for test equipment,

Cardion Electronics was awarded a contract at the end of 1971

to develop and deliver an ILS Mcnitor Precision Calibrator for
use as Category III ILS test equipment.
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In addition to the initial ifmplementation of Category 111 ILS,
modificaticn of existing suitable Category II ILS was considered
as an alternate means for achieving Category III ILS. The
feasibility of this approach was demonstrated through a contract
with TI to furnish and install a Category II to III ILS upgrade
kit in the Category IX ILS at NAFEC (TI type GRN-27) during the
summer of 1974. The performance requirements of an ILS thus
upgraded were nearly identical to those of the FAA MARK III ILS.
A NAFEC report on the installation effort is included as
APPENDIX C of this report.

As of the summer of 1975 the initial goal for the development,
implementation and evaluation of a Category III ILS had been reached.
Based on our experience with the system, however, and later develop-
ments, there are known areas wheire significant improvements for the
present as well as future systems are possible. Efforts are continuing
tv bring about these improvements to enhance the safetv. economy and
pecfnrmance of the VRF/UHF ILS in general which iacludes not only

the Category III ILS but aiso Category I and II ILS as well.
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Chapter 3

DISCUSSION

Except for unanticipated problems and delays associated with the
field implemantion of the first two MARK TII ILS's, the original
goals of the development effort have essentially been met,
Engineering Requirement CAT III/II ILS Development FAA-ER-320-002
(see APPENDIX A) which was used for the development effort and
the system equipment handbooks are referred to for specific
details in the performance requirements and the technical
description, respectively.

For a further insight into the equipment a comparative perspective
of the MARK III ILS, the upgraded TI Category II ILS and other
types of Category III ILS is presented below by identifying
outstanding differences among these systems,

3.1 MARK III vs LS 371

Although the FAA MARK III [LS is basically of original French

design as implemented in the Thomson CSF type LS 371, the French
type Category III ILS, there are nevertheless a number of
differences between the two systems which {t was felt, should
contribute to greater reliability for the U.S5. system. For example,
the MARK III ILS has triplicate localizer and glide slope clearance
monitors while only single clearance monitors are used in the LS 371,
Also, unlike the MARK III, the LS 371 has no standty transmitter
course width monitor, no glide slope integral course monitor, no
localizer identification monitor, no shelter temperature monitor,

no glide slope antenna mast misalignment detector or localizer near
field and far field course monitors. The LS 371 would not meet the
FAA engineering requirement for continued normal operation during
environmental extremes and a three hour commercial power failure.

To insure monitor fail-safe operation an air traffic controller may
remotely test the LS 371 monitors for fail safe operation just

prior to authorizing a Category III ILS approach, but in the MARK III
high fail-safe reliability is primarily insured through equipment
design and scheduled maintenance without requiring this additional
controller responsibility.

3.2 MARK III vs STAN 37/38

In comparison to the STAN 37/38 ILS which employs triplicate
monitoring through separate inputs from internal, aperture and
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near field monitors, the MARK III also uses triplicate monitoring
but derives its monitor inputs from integral monitor probe pick-up
elements located close to the antenna elements. Integral

monitc: ing in the MARK III assures that equipment transfer and
shutdowns are initiated by a monitor input signal closely analogous
to an out-of-tolerance condition in the far field, avoids misleading
near field rffects and is not affected by overflight interference.
The MARK IJI has additionally a near field plus a far field
differencs: in depth modulation (ddm) monitor which will recognize
far fie'd disturbances in the approach area resulting in an out-
of-toierance course alignment and alert the controller by down-
grading the Category III ILS status immediately or after & short
delay, as desired, in the tower. If the out-of-tolerance condition
persists for a period longer than normally caused by far field
overflight interference, the MARK III far field monitor will shut
down the localizer. The MARK III and the STAN 37/38 both require
two-out-of~-three idential monitors (i.e., such as identical course,
width or clearance monitors) to alarm before executive action is
initiated, but there is an obvious difference in the control logic
in the MARK III compared to the STAN 37/38 (and also th2: LS 371).
For example, the STAN 37/38 monitor system will cause transfer
and/or shutdown with a single radio frequency (rf) level alarm

on one monitor plus a ddm alarm on another monitor in the same
group while the MARX III requires either #two rf alarms or two

ddm alarms from the same monitor group to cause executive

action.

The STAN 37/38 employs mechanical transfer relays and mechanical
modulators while the MARK III has no moving parts in the
transmitter system and uses a solid state modulator which s2rves
to reduce maintenance requirements. In comparing the antenna
systems it can be observed that the wide aperture configuration
for each produces comparable main beam widths; however, the

STAN 37 localizer employs 24 dipole antenna elements versus

only seven antenna elements [or the MARK III parabolic array.
The MARK III requires separate course and clearance carrier
frequencies while the STAN 37 localizer generates course and
clearance by means of 90/150 quadrature audiotone modulation of
a single carrier. The MARK III provides satisfactory clearance
to beyond + 50° from the courseline while the STAN 37 exhibits

a sharp ddm reversal at approximately + 41° from the courseline.
The operating environment for the STAN 37/38 is required to be
within 0°C to +30°C while the corresponding requirement for the
FARK III is from -10°C to +50 C. A number of other differences
exist but are perhaps of less significance. Having been developed
and installed only relatively recently, the MARK III has been

-8 -
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subject to a number of initial system shakedown failures and only
long teru operation of both systems will establish the relative
maintenance, operation and reliability morits of the two systems.

3.3 Mark III and GRN-27 (Category II) Comparison

The MARK III and the GRN-27 having both been manufactured by TI
have a number of identical subassembli::s. Except for the localizer
antenna, discussed below, the essential difference between the two
systems is a MARK IXI tighter tolerance monitor system and equipment
redundancy designed to achieve greater overall operation reliability
and availability. Obviously, a given MARK III would be expected

to experience a greater total of individual component failures over
a period of time as compared to a GRN~27 system; however, improved
system reliability is assured by the fact that mos: individual
MARK III single equipment failures are not likely to result in an
erroneous radiated signal or a system shutdown. For example, in
contrast to the Category II, a battery or battery charger failure,
a dc/dc converter failure, a transmitter failure or a monitor
peakdetector failure will not cause a significaant interruption

or a loss of the radiated signal. Unlike the Category II, the
MARK III ILS has a continuously operating standby transmitter

into a dummy load monitored and controlled by a set of single
internal monitors, and if that transmitter is operating it 1is
immediately available upon transfer. In order to display a
Category III status indication onthe indicator located in the
tower both main and standby localizer and glide slope transmitters
must be operating satisfactorily. The radiated clearance, course,
course width, and identification parameters, as applicable, are

each monitored by three monitors, at least two of which must indicate

a fault condition for transfer or shutdown to take place. This
arrangement not only prevents a single monitor from shutting down
the transmitter due to a monitor failure but also prevents a single
monitor from failing to shut down the transmitter if this monitor
i8 not fail~safe and the other two are opersting properly. Each
monitor is provided with its own peakdetector. The GRN-27 ILS on
the other hand employs dual monitors with a common peak detector
for each set of course width, and clearance monitors.

The MARK III localizer antenna is the parabolic array with a

176 foot aperture. The reflector parabola is 18 foot high. Three
course V-frame antennas located at the focal point radiate ener,y
back towards the parabola which focuses the reflected energy into
a very narrow horizontal and low vertical angle beam. Four
separate clearance array elements radiate clearance for a
coverage of more than + 50° about the localizer course centerline.

-9 -
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The installation of the parabolic array requires very precise
placement and rather intricate adjustment and tuning but having
been instailed, the antenna apparently provides very stable
performance. Early experience at Atlanta and NAFEC established
the necessity of furnishing radomes for the radiating elements
including the monitor proximity pickup elements in order to avoid
degrading performance effects of rain and ice. If the traveling
wave antennz had been sufficiently developed and tested at the
time the Catcgory IXT ILS development contract was signed it is
possible that the MARK III could have been furnished with a
traveling wave localizer antenna., The traveling **-- antenna,
used with the GRN-27, exhibits the obvious advantage of being

a low profile antenna and is relatively eaesy to install and adjust;
however, it requ.res additional power input furnished by a power
amplifier in adiition to the basic MARK III type transmitter

to provide the comparable coverage of the parabolic array.
Theoretically, the traveling wave antenna with the greater

number of radiating elements and corresponiing number of connectors
is subject to a higher failure rate then the parabolic array.
Transmission line open/short detectors and misalignment detectors
unlike the traveling wave localizer antenna are not used with the
parabolic antenna.

For Category III ILS application, with an upgraded GRN-27 localizer,
the antenna array may consist of the basic Category II localizer

two frequency 1B array, that is the 14 and 6 element arrays for course
and clearance, respectively, to provide Category III course alignment
and quality, or a 22 and 8 element array combination may be required
depending on the siting conditions. The 22 element arrcy would
provide a narrow course beam comparable to that of the parzoola,

but is of course more complex than the 14 element array. Developmant
efforts are underway to finalize a technique to combine the 14 and 6
arrays and the 22 and & arrays, respectively, into single 14 and 22
element arrays for the radiation of both course and clearance signals.
Such arrays are expected to reduce vhe cost and complexity of the
antenna system and improve the reliability of the traveling wave
antenna array both for Category II and III ILS application. A
possible further step toward localizer antenna reliability
improvement may include the adoption of a so-called slotted

cable lotalizer antenna presently under development by SRDS.

3.4 Category II to IIT ILS Upgrade Effort

Ae mentioned earlier, dercuviration of the upgradability of a
Category II to III ILS of the GRN-27 with a traveling wave antenna
localizer has been made at NAFEC. It invcives the procurement
of a suitable upgrade kit developed by TI and following a pre-

- 10 -




determined step-by-step procedure to minimize the length of the
installation effort. The upgrade effort includes a modification
of all the ILS stations. Dual marker beacons in lieu of the
existing single marker beacon is desirable to maintain good marker
beacon availability. The { wer equipment is replaced by new remote
control indicators which differentiate between power failure
alarms and monitor alarms and also provide an ILS status indicator.
The far field monitor is replaced with an upgraded version
consisting of two additional antennas, two additional receivers

and three monitor channels instead of two. The localizer and
glide slope transmitters, cabinets and autenna systems remain
intact, but additional monitors, peakdetectors, dualization

of batteries, power supplies and control unit boards replacement
are required. The Category II antemna change over relays are
replacei with solid state pin diode rf switches which provide
nearly instantaneous transfer. Also, the present Category III ILS
uses an overall heated box for its peak detectors rather than
individually heated Category II peak detectors. As part of the upgrade
effort replaced surplus equipment becomes available for the
Category II ILS inventory.

Certain variations in the Category III ILS upgrade scheme are
possible without greatly affecting the basic performance comparison
of the upgraded ILS with the MARK III. The MARK III ILS monitor
units are similar to the GRN-27 except for certain parts quality
and tolerance designed for better performance stability in the
MARK III and an output logic which allows for comparison of the
status of the individual parameters of each monitor (ddm, rf and
sdm), rather than the method nf comparing the overall status

alarm signal of each monitor unit. The former method as used in
the MARK III, theoretically provides for greater system availability
and reliability in the long run; however, increased equipment
complexity and relative costs are also factors to be considered.

In the upgrade effort at NAFEC the former method was usei for the
locslizer by replacing all the monitors, and the latter method for
the glide slope by supplementing che existing monitors with the
replaced monitors from the locali er.

B R I LR N e

Obviously, many other details must be considered beyond the broad
outline given here, but the nrocedure developed for NAFEC is
considered to be an effi_ient way to establish a Category III ILS :
where a GRN~27 type ILS is already in place. Recommissioning
flight checks are required to set the monitor alarm limits but
the transmitter system and antenna should not require readjustment. f
Other schemes for establishing Category III ILS include a replacement

- 11 -
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with entirely prewired cabinets, entirely prewired shelters,

or a completely new Category III ILS facility. The first

two schemes would require. additional station tune-up and alignment
and the last one would require additional downtime but would be
necessar: if the existing facility is not a GRN-27 type.

3.5 MARK III ILS PMECA Study and Reliability Evaluation

The Category III ILS system reliability has been given uppermost
attention in the design and implementation of the MaRK III ILS.
It is obviously impossible at the same time to design a practical !
and an absolutely "safe" system. For ¢he development effort a !
reliability goal in the form of an absolute number was specified
such that theoretically the electronic ground system should not
contribute a significant factor to cause a Category III ILS
approach and landing to be more risky than the average human
experience in day-to-day activities. Since the ILS is only a
link in the chain that represents all the conditions needed to
insure successful execution of an all weather landing, the actual :
required rel!-~bility number (less than one ground system ILS
operational .ailure during the critical phases of 10 million
landings) nay be considered snmewhat arbitrary.

The stated reliability requirement for the MARK III ILS develop-
ment was as follows: "That during the critical phase of a
Category III Landing (any 10 and 5 second period for the localizer
and glide slope, raspectively) the probability of a potentially
hazardous signal fault including loss of signal shall not exceed
1.0 x 10~7." For a Category III approach the assumption is that
the ILS is fully operational in a Category III status, inclucding
active standby equipment, prior to the aircraft entering the
aritical phase as described. The theoretical determination of the
reliability of the proposed TI design is described in the TI report
No. FAA-RD-72-8 "FAILURE MODES, EFFECTS ARD> CRITICALITY ANALYSIS
(FMECA) of the Category III Instrument Landing System" the purpose
of which was primarily to verify that tlie equipment design and
system interface was such that the reliability requirement would be
met in a total system configuration. In actuality, the theoreticel
design goal was not easily achieved but became posaible with a
reasonable effort which was rea'ly the intent of the development.
The initial analysis revealed t! > need for a number of design
modifications which when ircorporated resulted in a 9ystem
theoretical hazard probability to less than .9 x 107 Th
method of analysis could serve as an illustration of a technique
te evaluate the comnarative hazard probability of the performance
of other systems, The FMECA study also produzed a number of
other results including identification of all hazardous failure
modes, the effect of these failures and a quantitative rationale

B L N e o O O S Y
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for the frequency of "hidden" failure preventive maintenance
checks. to maintain the system reliability.

A similar FMECA study, Report No. FAA-RD-73-11, "Failure Modes
and Criticality Analysis (FMECA) of Category III Instrumen®
Landing Systems with Traveling-Wave Localizer Antenna", was
performed to include the reliability impuct on the system by
the use of this antenna, which resulted in a somewhat lower
reliability figure for this system due to a greater number of
localizer antenna elexents and the addition of the localizer
transmitter power amplifiers. The analysis is reasonably
representative although it does not cover certain changes or
developments that have occurred since the report was written
such as the replacement of the localizer near field monitor,
the installation of the antenna array misalignment detector and
b B the installation of antenna and monitor system rf transmission
5 5 lines open/short detectors. (These open/short detectors were
E first installed in the upgraded ILS at NAFEC in May 1975 for
evaluation.) )

The Category III ILS development contract required an operational
praciical demonstration on the first two systems to verify that
the spe-ified reliability requirement had been met. Since it
was impossible to demonstrate this directly within a reasonable

E 8 period of time (about six months) on only two systems with any

b § degree of confidence, an alternate method was chosen. The L
; theoretical operational reliability had been derived from
individual component failure rates, using the probabilities

of single and multiple failures that could cause a total failure,
given a fully operative Category III status at the beginning of any
10 or 5 second period. These basic component failure rates had
been used in the calculation of the equipment Mean Time Between
Failures (MTBF) which is in the order of 795 hours for the

MARK III ILS localizer and glide slope considered together.
(Although this equipment MIBF is comparatively lower than that of
the GRN-27, the total system operational MTBF or potentially
ha.ardous probability corresponding to an MTBF or approximately
26,000 hours, is primarily achieved through effective use of
circuits and equipment redundancy.) By demonstrating the

equipment MTBF and consequently the acceptability of the same

;. component failure rate data fiom which the total system operational
3 reliabil{ty figure was derived, the validity of this figure,

.9 x 107', would be indirectly verified.

TSR TREEN
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A reliability demonstration plan was prepared for thc first

two systems, not to exceed 5,000 hours of simultaneous operation.
The actual testing was started onthe Atlanta system in December
1973 and continued through June 1974 ror total of 4764 test
hours. The NAFEC system was operate] for 843.6 test hours, and was
terminated on August 30, 1974, for lack of additional support
funds which left the overall test result in a "no-decision"

statuc according to the test plan predetermined acceptance
criteria.

The results of the reliability demonstration test during the
abireviated time period are not outstanding, regardless of the
relatfve number of failures comsidered "relesvant” or "non-relevant"
baseu oa the speci_ied test conditions. However, the formal
evaluatfon 1id serve as a means for systematic analysis and

careful documentation of actual in-the-field operation to justify
any needed correctire design modification.

Eleven relevant failures were determined which did not allow final
determination of reliability acceptability or rejection. A
number of failures can be contributed to initial system "shake
down" failures and are not likely to be repeated while others

have resulted in equipment design modificatiors, such as for
example the anterna radome instaliation. The most outstanding
problem has been destructive effects as well as non-destructive
operational interference due to lightning induced transients

on the ILS interstation monitor and control l!nes. Some
corrective measures have been taken to resolve the problem but

it is still the object for a continuing effort (see below).
Detailed results of the reliability demonstration test are furnished
inthe TI final report FAA-RD-74-180 "Instrument Landing System
Category III" which is referred to for further reference.

The following is a somewhat arbritrary classification of the incidents
experienced on the MARK III during the test period as derived from
the TI report:

Description of Problem No. of Everts
Random component failures not listed below 5
Failure of operation, unknown cause, no

component failure 5
Mechanical failure, solder, wire, etc.,

potential future problem eliminated 19

Failure due to lack of localizer antenna
radomes, potential future problem
eliminated 8
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Failure due to inproper tune-up and
maintmance, potential future problem

elim‘nated 90
¥Pailure due to lightniag 11
Puse ‘ailures 4
Reset of circuit breaker required 9
Failuce due to equipment other than TI 4

TOTAL 155

Thirteen of the above incidents led to totel localizer or glide
slopa shutdown.

The Marker beacons in the first two MARK III ILS iustallations
unuirwent a separate reliability test during the fall of 1974
designed to demonstrate an MIBF of 10,000 hours cf each station.
During this period an antenna design deficiency was determined
and corrective action taken. The test resulted in a successful
acceptance decision of the marker beacons.

3.6 Far Field Monitor

The MARK III ILS ‘ocallier Far Field Munitor referred to earlier
is an integral part of the system anu serves several functions.
The final 1role and use o the Far Field Monitor have not been
clz2arly establishca, but tue developmezi of this monitor has
served to highlight and demonstrate certain capabilities.

Both the MARK III and the GRN-27 Catagory II ILS Far Field Monitor
consist of VHF receiver and monitor channels, usually located in
the vicinity of the middle marker on the runway centerline
extended. They monj%ur the localizer course aligmnment for

a zero differencs in the 90 and 150 Hz modulation depths (ddm)

and will cause the localizer to shut down in the event that the
localizer covrse alignment as seen by the monitors should exceed
and remain outside Category II tolerance, that is, beyond nominal
+ 10.7 microamperes for at least 70 seconds. The monitor indicated
ddm is also relayed to the localizer station on a landline as an
analog dc voltage for a remote meter indication. This indication
may be used as a maintenance tool to remotely check and adjust the
far field localizer course alignment.

The MARK III ILS Far Field Monitor consists of triple monitors, each
associated with its own VHF receiver and all located in the same
shelter., The three rec:iver antennas are located along the runway
centerline extended and separat:d by more or leas arbitrary
loagitudinal distances to provide some space diversity. It is

known that a localizer course interception of the centerline at 1
given check point does not guarantee the absence of deviations at other
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points along the centerline. Space diversity with three monitors
assures a better detection ot these potentia. (static) course
deviations. It is conceded that the distances between the
antennas as installed probably do not represent the optimum
separation for detecting reflections from reflecting surfaces

on any given airport. Furthermore, the magnitudec of a stactic

or dynamic deviation seen by the monitor may not correspond

to the absolute magnitudes of deviations experienced by an
overflying aircraft on an ILS approsch due to the difference of
antenna location of the aircraft and the far tield monitors.

The Far Field Monitor will not detect a far fieid change of
sideband only radiation affecting course width and cleairauce,

At any rate, however, it is important that the moaitor will

detect dynamic aud/ocr static changes of che localizer courc:
alignment from any cause and provide a remote indication and/or
executive action. Additional efforts will bc required to aevelop
a Far Filelc Munitor which ideally should indicate a true
correlation with signals seen by approach aircraft on the approach
path, and cause instantaneous executive action as warranted.

In addition to the shutdown capability function of the iocalizer
based on a two out of three monitor vote, the MARK ITI Far Field
Monitor will also provide an output function indicating an at

least two out of three monitor channel determination of Category III
course alignment (nominally within + 8.6 micro-amperes.) This
information is available at the remote control indicator in the
tower as one condition (out of several others) which unless bypassed
must be satisfied for the Remote Control Indicator equipment to
display the Category III status indication. Normally, whenever an
aircraft flies over the Far Field Monitor, the localizer signal «s
seen by the Far Field Monitor is temporarily disturbed causing

an accompanying temporary down-grading of the ILS status in the
tower and a temporary buzzer sound. Since this represents a
nuisance during fair weather, a provision is available to the

tower operator which allows him to easily mask up to 20 seconds

any temporary loss of Category III course alignment information

as furnished by the Far Field Monitor.

At the present time, it is possible to bypass the Far Field Momitor,
thereby disabling the executive control of the localizer as well

as the Category III course alignment indication to the tower
without the tower having knowledge of the bypass. To the extent
that the Far Field Monitor is required to verify the localizer
alignment it appears corrective action is warranted. A relatively
eagy modification would insure that the Category III course
alignment local indication to the tower would not be bypassed,

ever. 1f the executive control function from the Far Field Monitor
of the localizer is bypassed locally. The means exist in the tower
equipment to ignore the Far Field Monitor indication if so desired.

- 16 -
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A potentially desirable modification is for the addition of tower bypass
capability cf the Far Field Monitor shutdowm function, to allow lower
Category ILS service in the event of Far Field Monitor failure.

Another unique featur:. of the MARK III Far Field Monitor is the
shutdown alert function. When activated, this function causes

a 1900/2100 Hz tone modulation to be generated over the localizer
transmitter. The tone is generated just prior to a likely shutdown
of the localizer by an impending shutdown control signal to the
localizer from the Far Field Monitor (or the near field monitor).

The pu~pose of the shutdywn alert signal is to warn a pilot

using the localizer that he may expect a shutdown of the localizer
within five o-~=cnds so that he may abort his approach for safety
reasons, if uecessary. Although the 1900/2100 Hz signal produces

a uniquely discordant sound, because of the rarity of its occurrence,
its practical use may be questioned. A possible extended use of
this capability would be to exercise it whenever the Far Field
Monitor sees a significant disturbance.

- el
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3.7 Maintenance Monitor

A unique feature of the FAA MARK II1 ILS is the addition of the
Maintenance Monitor which is a non-executive type monitor. ]
Although the Maintenance Monitor is associated with the ILS 3
equipment in the localizer, glide slope and localizer far field
monitor as an ancillary system, the ILS operates independently
of it, that is, a failure in the Maintenance Monitor itself is :
very unlikely to affect the ILS operation. Each local station i
operates within certain operational tolerances which, if exceeded, !
will immediately or eventually affect the avnilability and/or

the integrity of the radiated signal. The primary function of

the Maintenance Monitor is to relay detailed information to the
remote control point on the status of the equipment operation

in addition to the information already available from the Remote
Control Indicator such as Main/Standby/OFF and general monitor
alarm indications. The Maintenance Monitor information is

relayed to the tower equipment maintenance room whenever a given
monitored signal parameter has exceeded a preset warn‘ng level.

For example, the Category III ILS course alignment monitor is
normally adjusted to cause executive transfer or shutdown action

if the alignment has drifted to a value corresponding to + 20 feet
displacement at the approach runway threshold, but the Maintenance
Monitor may be adjusted to indicate its warning signal when the
course alignment has shifted to a somewhat less than normal alarm
such as + 10 feet or any preset value as desired. By having access
to certain monitor pre-alarm conditions, preventive maintenance

may be initiated by prevent any further transmitter drift, restove
the moniteor to service, correct shelter temperature, or do whatever

e Bt 2T Ao
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corrective action is required to prevent a potential loss of

the radiated signal. The Maintenance Monitor warning level

may be sct at a general 75X of the alarm or, depending on
experience at a level just beyend the normal parameter excursions.
As presently installed, the Maintenance Monitor remotes 20, 17 and &
indications from the localizer, the glide slope and the localizer
far field monitor respectively to the tower equipment rocm.

It is obvious that the .faintenance Monitor will contribute to

the integrity of cvhe ILS by irdicating the need for preventive
maintenance. On the other hand it also serves to give a remote
indication of a system operating well within the alarm limits
which may serve to reduce the frequency for preventive maintenauce
visits to the sites,

To date relatively limited practical experience has been obtained
to demonstrate the practical usefulness of the Maintenance Monitor
in order to recommend a general implementation of ‘this equipment
for all Category III ILS. The system, in principle, may have
application for the Category iT as well. Further evaluation

to explore the capabilities and usefulness of the equipment is
planned to be carried out at NAFEC.

The interface of the local equipment and the remote indication

in the tower eyuipment room is made by means of landlines which
constitute, in effect, DC loops which is completed or opened to
produce a remote satisfzctory or non-satisfactory status indication.
The number of interface lines is 24, 21 and 5 respectively for the
localizer, glide slope and far field monitor. These lines as well
as the rest of the MARK III system as pointed cut have been subject
to lightning induced signal interference causing equipment damage.
Work 1is being done to eliminate this problem which may also result
in a number of lines reduction requirement.

3.8 ILS Monitor Precision Calibrator

The development of the ILS Monitor Precision Calibrator was under-
taken for the purpose of making available a better and more adequate
test equipment in the form of an ILS signal generator for the
Category III ILS than was and is available from the existing
commercial inventory of VOR/ILS signal generators. The Category

III ILS requires maintenance to tight and absolute tolerances,

and hence, dependable and accurate standards must be available

for cross calibration purposes and for facilitating certain
maintenance adjustments,
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ILS Monitor Precision Calibrator
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An example of the closer tolerance required is for the localizer
navigational tone modulation percentage for Category III.
Additionally, there is a need of closer correlation between
absolute modulation levels seen by the flight check aircraft,

on one hand and by ground maintenance on the other. In direct
response to this need, another SRDS effort has resulted in the
successful development of a unique self-calibrated modulation
meter, and the establishment of a primary modulation standard
under an Inter-Agency Agreement with the National Bureau of
Standards (NBS) at Boulder, Colorado. This arrangement will serve
to dewonstrate any ambiguities between different calibration
techniques for ILS tone modulation and has served to cross-
calibrate the ILS Monitor Precision Calibrator.

The ILS Monitor Precision Calibrator operating over the localizer
and glide slope bands in effect may simulate nearly any localizer
or glide slope signals for monitor and receiver inputs. The output
signal levels, both RF and the demodulated RF are adjustable from
approximately 10 mw (into a 50 ohm load) in .1 db steps over a

100 db range. The rf carrier is amplitude mcdulated by variable
level single 90 Hz or 150 Hz or by both within a range from O up

to + .80 ddm depending on the set modulation levels of each tone.

The calibrator may be used to (1) align and check both & dio or

rf type input monitors for power, modulation, ddm, and iuentification
alarms and adjustments (thus avoiding having to even temporarily
maladjust the operating transmitter to check the monitor alarm
limits), (2) align and check the Maintenance Monitor in a similar
wmanner, (3) indirectly determine the characteristics of a normal
monitor input signal by substituting this signal with the calibrator
signal and adjusting the calibrator for the original monitor
indication, (4) align and calibrate the localizer far field monitors
and the portable ILS receivers used for ground checks, and (5)
calibrate and align airborne ILS receivers.

The original development effort by Cardion Electronics was not
(ntirely successful partly due to the fact that difficulties
were encountered in determining the absolute modulation accuracy
of the rf output. The modulation technique and output loading
characteristics used did not yield consistent performance at
higher levels of modulation and different output loading, although
repeatability, stability and other aspects of the equipment were
satisfactory. 1The now modified calibrators have been corrected
for the above deficiencies and test results exhibit constant
signal rf output levels over both bands within a narrow margin,
modulation percentage over both banda within an absolute
accuracy of + .5% of up to a total of /0% irdependent of

attenuator settings, a change of an individual tone level
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modulation within + .32 when switching from dual to single tone
modulation and a very accurately known ddm signal within the +
.3000 ddm range both for the localizer and glide slope functious.

For a detailed description of various development aspects and
quantitative results obtained from the testing of the ILS Monmitor
Precision Calibrators, reference is made to the final report
prepared by the Contractor. The calibratcr indicsted modulation
levels have been calibrated against the modulation standard at
NBS.

Of the six calibrators delivered by Cardion Electronics and
calibrated by NBS, two each hawe been delivered for the Atlanta,
Georgia, Hartsfield Airport Category III ILS~ two each for the
San Francisco, California, International Airport ILS and two for
NAFEC, of which one is temporarily retained by SRDS for further
evaluation and demonstration.

3.9 Current Problems and Efforts

Although the FAA MARK III ILS is now in operational use, obviously

any significant remaining or potential weakness must be dealt with

through corrective efforts. Advantage should also be taken of any

technological development to incorporate improvements which promise
to enhance Category III ILS operation and reliability.

As reflected in the results from the MARK III ILS reliability de-
nonstration it 18 clear that the system, as installed, has been
quite susceptible to lightning interference and damage. Various
outages occurred during the demcnstration itseif, and have occurred
both before and since. These outages have been accompanied both
with and without any apparent equipment damage. Most of th«
operational interference from lightning has not resulted from direct
strikea but rather through induced interference through the long
land lines which interconnect the ILS stations. The problem is not
limited to MARK III ILS alone as it affects all solid state ILS and
other solid state equipment as well but is expecis'ly damaging for
Cat 2gory III ILS which is expected to be reliazble under all weather
conditions.

Then it was first realized from the actual field installation
oxperiences that the magnitude of the lightning problem had been
underestimated, efforts were undertaken by the equipment contractor
to resolve the problem through careful applicaction of certain
installation guidance criteria mainly for power and control lines
as described in TI ‘echnical Report No. TR 73-050(U) "Guidelines
for Ancillary Electrical Systems Supporting the AN/GRN-27(V),
AN/GRN-26, 'N/GRN-28 Instrument Landing System Installation,
November 1973." These criteria were aimed at limiting the damage
potential through adequate installation, bonding and grounding
techniques .or equipment and lines, installation of lightning and
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spark gap arresters and reducing the earth ground resistance in
the vicinity of the local sites. This effort has not been adequate
to resolve the problem, however.

A separate SRDS effort was undertaken through a contract with Georgla
Institute of Technolo’ v to investigate various ILS equipment types
with respect to remote ctontrol and status lines terminal character-
istics in order to deterxine damage causing interference levels and
exactly what lightning surge dissipator circuits would be required

to prevent lightning damage. This investigation has resulted in
specific recommendations (see Report No. FAA-RD-75-73, "FAA Lightning
Protection Study: Lightning Protection for Mark III1 -~ Instrument
Landing System (Category III)") for the installation of diode voltage
suppressors and resistors at each control and status interstation
cable wive terminacion to effectively preveont th: passage of any
potentially destructive interference pulses. These protection cir-
cuits have been installed at NAFEC but may not be the most effective
way to deal with the problem. A remaining concern includes the
likelihood of operational iuterference caused by low level and
nondestructive interferenze signals.

Another approach to the lightning problem has been pursued. Lightning
Elimination Associates of Downey, California, performed a design
study for a system at NAFEC which was intended in effect to
2liminate the probability of lightning strikes within certain pro-
tected areas (see Report No. FAA-RD-74-45, "Design Recommendations
for a Lightning Elimination System for FAA Category III Instrument
Landing Systems, NAFEC, A‘ .antic City, New Jersey"). The technique
proposed involves the installation of static charge dissipation
arrays which supposedly would serve to reduce the intensity of
atmospheric electric fields in the presence of thunderstorms to

the point that lightning discharges will not occur within a given
protected area. To date no action has been taken to actually im-
plement the technique at any FAA airport, since its effectiveness

has not been satisfactorily demonstrated and remains doubtful, at
this time.

Still anotber approach to resolve the lightning problem has been
pursued turough a contract with Purdue Research Foundation proposing
to overcome the lightning damage susceptibility problem anc¢ other
signal interference problems through, in effect system or equipment
redesign. Specifically, this approach included an investigation of
line transient effects on the ILS and an analysis of the current
system control and status equipment interface to pinpoint weaknesses
in order to develop an effective modification to improve the re-
liability. Partial results of the work is described in Report No.
FAA-RD-75-11 "Reliable Line Signaling Techniques for the FAA GRN-27(V)
and Category III ILS," followed about a year later by Report No.
FAA-RD-76-24 "Application of Balanced Lines, Tone Signaling, and
Microprocessor Control Techniques to a Category II1 Instrument Landing
System.” The study of the overall problem, while also taking into
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account previously described preventive techniques did not re-

sult in equipment redesign or a recommendation for "circuit hardening"
as one might have anticipated from such an effort. ne

Instead, as may be inferred from the titles of the reports, the
investigation resulted in a proposal for a tone signaling inter-
face system as a replacement of the unbalanced non-insulated DC
signalling system in use. A partial ILS interstation signal con-
figuration using telephone company type encoding and decoding -of
tone signalling with only minor modification to the exiscing ILS
terminals was installed and successfully demonstrated in the early
fall of 1975. Tone signalling represents a generally well-proven
technique, and in addition to being practically immune to outside
signal interference including lightning, has the advantage of-being
cost effective by reducing multi pair cable requireants to only
a single pair between any two stations. A full protolypr: system
was installed and demonstrated at NAFEC in August of 1976. Here,
as part of the system, state-of-the-art microprocessor techniques
have been employed to process the signals and display the status
of all remote monitor and control functions i. “he extent of
effectively more than duplicating the functions of the existing
remote control and monitor with an improved display.

The final overall solution for the lightning problem is expected
to contain a combination of certain inatallation practices, tone
signaling over balanced lines and additional line protection where
needed. Relative cost effectiveness and maintenance requirements
will also be taken into account. The solution of the problem for
the Category III ILS will, of course, find an application for any’
solid state ILS regardless of Category.

With regard to localizer antenna improvements as pointed out earlier
in this report, a major improvement has been recently demonstrated.
The present two frequency traveling wave localizer used for Category
II1 and Category II ILS operates with tun geparate antenna arrays,
i.e., one l4-element array for course radiation and a separate six-
element array for clearance radiation. This arrangement requires

a larger installation site and causes additional cost but decreased
reliability in comparison with a single common array. The new com- |,
bined antenna system uses directional couplers with about one third
the loss of the conventional hybrid networks and allows the continued
use of the present low power transmitters. The inner six elements
radiate both course and clearance energy while t! cuter elements
radiate course energy only. A new integral mo~itor system as part

of the combined array has been extensively evaluated and tested at
the original installation site at Tamiami, Florida.

Improvements on the Category III ILS (and Category II and I as well)
glide slope operational availability with snow is possible based on
conclusions of SRDS studies and investigations. It is known that the
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slope near field monitor when operating with a ground

‘cover level teads to reduce the svailability of the facility

' ‘the glide slope transmitter radiates a signal well within
tolerance ia the approach ares. A better monitoring scheme could
coasist of an imtegral path monitor unaffected by weather, an antenna
tower misalignement detector and/or a suitable far field monitor. In
the case of the FAA MARK III ILS, an integral monitor, a near field
path monitor and a tower misalig: nent detector are all used, suggesting
that the present monitor system could be simplified. Under a develop-
sent contract witk: wistinghouse, SRDS is persuing the development of a
glide slope féir field monitor.

The existing MARK 1II ILS and Category II ILS far fiecld monitors lack
quick response monitor control and must be considered less than
adequate to accurately monitor the overall localizer signal in the far
field. In order to overcome this problem, the above mentioned Westing-
house contract also provides for the development of a good localizer
approach area/monitor response correlation monitor cuupled with timely
executive control capability of the lccalizer transmitter.
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"Annex 10 - Aeronmautical Telecommunication, Volume *" Inter-
national Civil Aviation Organization, 3rd Editiom, July 1972.

"Failure Modes, Effects and Criticality Znalysis (FMECA) of
Category III Instrument Landing System,” Report No. FAA-RD-72-8.

"Test and Evaluation of Category III ILS Ground Guidance Equip-
ment 'STAN 37 Localizer Tests at NAFEC on R/W-4'" Report No.
FAA"RD"7 2"50 .

"Test and Evaluation of Category III ILS Ground Guidance Equip-
ment ‘'STAN 38 Glide Slope fests at NAFEC on Rumway 4,'" Report
No. FAA-RD-72-105.

"Failure Modes, Effects and Criticality Analysis (FMECA) of
Category III Instrument Landing System with Traveling-Wave
Localizer Antenna," Report No. FAA-RD-73-111.

FAA MARK III ILS Handbooks.

"FAA Lightning Protection Study: Lightning Protection Require-
ments for AN/GRN-27(V) Instrument Landing System" Report No.
FAA-RD-74-131.

"Instrument Landing System, Category III," Final Report, Report
No. FAA-RD-74-180.

"Reliable Line Signaling Techniques for the FAA GRN-27(V) and
Category III ILS," Report No. FAA-RD-75-111.

"FAA Lightning Protection Study: Lightning Protection for Status
and Control Lines of AN/GRN-27(V) Instrument Landing System"
DOT Report No. FAA-RD-75-24.

"Design Recommendation for a Lightning Elimination System on FAA
Category III Instrument Landing System, NAFEC, Atlantic City,
New Jersey,'" Report No. FAA-RD-75-45.

"FAA Lightning Protection Study: Lightning Protection Requirements
for MARK III Instrument Landing System (Category III)," Report No.
FM.RD-7 5-73 .

"ILS Monitor Precision Calibrator, Final Report," Report No.
FAA-RD-75-116.

"Application of Balanced Lines, Tone Signaling, and Microprocessor
Control Techniques to a Category III Instrument Landing System,"
Report No. FAA-RD-76-24.
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FAA-ER-320-002
JUNE 1970
REV. NO 1
FEBRUARY 1971

FAA %ineeri? Requirement
Development

1. SCOPE

It is the purpose of the contract to develop and assemble an Instrument
Landing System development model/prototype of the conventional type (Localizer
108-112 MHz, Glide Slope 329-336 MHz and Markers 75 MHz) capable of meeting
the characteristics of Category I1I ILS cperation including stringent require-
ments for high integrity and continuity . service. The relisbility of the
ground equipment must be such that its operation is extremely umlikely to
impair the safety of an approaching aircraft during the critical phase of

its approach and landing under Category III weather minima. The equipment
nust have high mean time between failure (MTBF) characteristics and be
ensured by a maximum reliable monitor system not to deviate beyond

operational tolerances for Category III (or Category II, as the case may be).

The objective of the development as described herein is to rely on already
developed (off-the-shelf) components of ILS ground systems, if feasible, and
known up-to-date techniques, and to combine these with adequate redundancy
to assure continued satisfactory performance eren with the loss of &
transmitter or an individual monitor.

The desired ILS system includes a localizer, a glide slope, three markers
(outer, middle, and inner) a remote control indicator, a DME system (not

part of this procurement). In normal Category III operation, the localizer
and glide slcpe main transmitters will operate on the ait while standby |
transmitters operate into dummy loads and internal monitors, thus ensuring
upon transfer to the standby transmitter the immediate continued radiation of
a satisfactory guidance signal. Generally, each significant parmmeter of the
transmitter on the air will be monitored by triple parallel monitors requiring
two out of three alamms of an individual parameter monitored to result in
transfer from Category III to Category II status, or in shutdown from
Category II depending on the initial mode of operation. Upon degradation of
the system out of Category III course alignment tolerance but still within
Category II, the system shall operate satisfactorily as a Category Il system.

2. APPLICABLE SPECIFICATIONS AND STANDARLS

The following documents, of the i<sue in effect on the date of invitation
for bids or tequest for propdsal torm a part of this Engineering Requirement

to the extent specified herein:

FAA-G-2100/1 Electronic Equipment, General Requirements

FAA-G-2100/3 Requirements for Equipment Employing Semiconductors

FAA-G-2100/4 Requirements for Printed Wiring Techniques

FAA-G-2100/5 Requirements for Equipments Fmploying
Microelectrdnic Devices
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FAA-ER-320-002 REV. NO. 1 -2-

FAA-C-1217 Electrical Work, National Electric Code
PAA-C-2256 Environment Controls

FAA-D-638h Instruction Books

FAA-STD-003 Piint Systems for Structures
FAA-STD-005 Equipment Specifications

FAA AC 120-20 Criteria for approval of Cat. IJ lLanding Weather Minima
FAA Orders 6750.4, 6750.5 and 6750.8, Siting Criteria
FAA Order 8200.11B, Flight Inspection Theodolite Tolerances

FED-STD-595 Colors
A AC 150/5345-2  Obstruction Lights
(L-810)

ICAO Annex 10, Volume 1, dated April 1968

USFIM, FAA Handbook OA P 8200.1]

1 ARP 926 SAE Aerospace Recommended Practice
MIL-STD-470 Maintainahility Program Requirements
MIL-STC-471 Maintainability Demonstration

MIL-STD-721B Definitions

TR e

MIL-STD-7818 Reliability Tests
MIL-SYD-785 Reliability Program

MIL-STD-810 Environmental Test Methods for Aerospace
] and Ground Equipment

] MIL-STD-1472A Human Engineering Design Criteria

; MIL HDBK-217A Reliability Stress and Failure Rate Data

MIL-5-55286 Shelter, Electrical Fquipment - S-280 ( )/G

MIL-E-83210 Equipment Llectronic, Criteria for the Utilization
of Micro-Molecular Electronic Technology

(Application for copies of the above FAA and Military documents should be
addressed to Federal Aviation Administration, Contracting Officer, 800
Independence Ave., S.W. Washington, D.C. 20590. To obtain copies of the

: ICAO publication, requests should be addressed to the Distribution Officer,
} International Aviation Building, 1080 University Street, Montreal 3, Quebec,
‘ Canada.)

Gl Nt mme o W o e e S

Exceptions to parts of the above specifications may he given by the Tontracting
Officer if sufficient justification is provided by the Contractor.
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3. REQUIREMENTS

The contractor shall fummish the equipment and services as specified herein.
3.1 General Requirements

3.1.1 Major units.- The ILS shall comnsist of the following units:

1 VHF Localizer Station 3.2
1 UHF Glide Slope Station 3.4
3 VHF Marker Beacon Stations 3.6-.
1 Remote Control Indicator 3.8
1 Set of test equipment for Systems Maintenmznce 3.9

3.1.2 General specification.- The requirements of FAA-G-2100 are applicable
together with this engineering requirement, except, if conflict exists, this
document governs.

3.1.3 Design.- The ILS shall be designed and constructed in accordance with
the highest commercial practice. Governwent general specifications

shall apply (only) to those items specifically designed to meet the require-
ment of this procurement. Existing industry standards shall apply to all
commercial products, which are incorporated into the system without modifi-
cation, Components shall be selected which offer the greatest potential for
(1) achieving high reliability; (2) shortening the development time of the
end item; and (3) reducing the number of different items used in the end item.

3.1.4 Accessibility and lwman Factors.- All units, components, and test
points thsat may require servicing, repair, or replacement shall be readily
accessible and shall have sufficient clearance from shelter walls for
comfortable maintsnance. Major units or modules shall be completely removable
from their enclosures without excessive disassembly. Access shall be provided
to components or circuit modules from outside the basic equipment through the
use of swing-out units, pull-out drawers having drawer slides, or equivalent
devices; cable retractors and circuit card extenders shall allow component

or module operation in the open position. Close attention shall be paid to
all aspects of the design which involve performance of a human operator.

These include specific equipment and procedurss utilized under normal and
emergency conditions and during routine calibration and maintenance. Guide-
lines for satisfaction of this concern are presented in MIL-STD-1472A,

3.1.5 Controls.- Controls that are essential to the proper operation or
periodic malntenance of the equipment, or other controls that are in frequent
use on the various units, shall have scale markings to facilitate return of
the control to a predetermined position, particularly after flight inspection
adjustments. All critical tuning controls shall be resettable (without play},
shall have positive stops and shall include locking devices. It shall not
disturb the setting to lock or unlock the control. All controls shall be
clearly marked as to function and maintenance data reference symbol.

3.1.6 Electromagnetic interference.- ‘ach station shall be designed so that
the mean power of spurious rf emission supplied to the antenna transmitter
line be not less than 60 dB below the mean power of the fundamental. With
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each transmitter tersinsted into a Jumsy 10aa ov s properly terwminated cable,
the stray radiation on any frequency trom the equipment under any operating
conditions shall not exceed 5.0 (Marker beacon 0.5) microwatt (ERP).

3.1.7 Interchangeability.- Due to the high degree of functional commonality
between stations, a maximum of module interchangeability shall be achieved
between various units of the ILS.

3.1.8 Maintainability.- Maintainability design criteria in accordance with
MIL-STD-470 are applicable.

3.1.9 Corrective maintenance requirements.- The ILS shall possess a mean
corrective maintenance time (Mct) OF no greater than 0.5 hours and a maximum
corrective maintenance time (Myaxce) of no greater than 1.5 hours (95th
percentile). Switch-over from a sailed to a redundant unit shall not be
considered in computing mean corrective maintenance time. liowever, repair of
the failed unit while the redundant unit continues to maintain operation
shall be considered.

3.1.10 Major repair.- No failed cowponent of the ILS shall require more than
8 hours for repair at the depot level, This shall include fault isolation,
disassembly, repair of the failed ciuwponent or assembly, r~assembly and
checkout after repair.

3.1.11 Preventive maintenance requirements.- The mean preventive maintenance
time (MPMT) of the maximum equipment configuration for either type of station
shall not exceed one hour in 336 hours of operation, including inspection and
checks to assure performance. Ninety percent of all routine procedures shall
be accomplished in less than 15 minutes. No single group of periodic
procedures shall require more than two hours time or be required more
frequently than once every 2000 hours. Parts requiring preventive maintenance,
as well as system checks not revealed by the monitor, shall e specified by the
supplier with recommended maintenance and replacement intervals,

3.1.12 Reliability.- Individual units of the ILS (“ransmitters, environment
control equipment, monitors, control and transfer equipment, etc.) shall have
a high MTBF and make possible the highest practical overall system MIBF. An
inherent MTBF in excess of 2500 hours (10,000 hours for the Marker beacon)

is desirable for a simplex (i.e., non-redundant) system loop consisting of a
single transmitter, antenna and monitor at each station. Prior to the final
design of the system a thorough theoretical design fault and reliability analysis
shall be conducted to reveal all failure modes and the effects of all potential
failures. The analysis should confimm that the systei: has heen designed to
minimize the probability of failures and that the equipmen. configuration

and monitor switching logic is suitahle. For tne purpose of cnalyzing

and demonstrating the reliability, availability/maintainability and fail safe
characteristics, the general plan outlined in Section 4.0 of this Engineering
Requirement shall be followed. SAE Aerospace Recommended Practice 926 shall

be used as a guide in accomplishing the fault analysis.
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3.1.13 Service conditioms.- The localizer, glide slope and marker beacon
stations shail operate under Enviromment III (FAA-G-2100/1 pars. 1-3.2.23)
at any altitude from 0 to 10,000 feet above sea level, in rain up to two
inches per hour, and in vp to one foot of snow in surrounding sreas.
Environmental comtrols (heaters, air conditioners, etc.) shall be suppited,
if necessary, for thelocalizer and glide slope stations to allow operstion
during all the temperature extremes. If supplied, these devices shall be
contiolled to stabilize the shelter's internsl temperature to prevent
condensation, maintain test equipment in a stable mode, and provide
maintenance personnel comfort. Tre .ocalizer a:d glide slope stations shall
operate continuousl,; without readjustaent, at any temperature between the
extremes specified fur at least 3 hocrs after failure of primary power. The
marker beacon shail operate continuously, without readjustment, in the
specified environment for at least 72 ..ours afier failure of primary power.

3.1.14 Primary power.- The ILS shall operate from a single-phase 120/240 V,
60 Hz (design center values) three wire single phase AC line power source.

3.1.15 Standby power.- A continuously engaged or floating battery power
supply shall be provided for all umits of the ILS for continued normal umit
operation if the primary power fails. To maintain the batteries in
operational readiness, a trickle charge shall be supplied to recharge the
batteries during the periods of available primary power. Upon restoration
of primary power, the batieries shall be restored to full charge within
eighs hours. Whex prismary power is applied, the state of the battery charge
shall in no wzy cause ham to or affect the operation of the ILS. The battery
supply for the localizer and glide slope stations shall permit continuation
of normal operation for 3 consecutive hours with battery temperature at 0°C.
Ancillary functions (obstruction lights, air conditioners, and other items
nrot directly contributing to ‘ae guidance signal) shall not be required to
operate dur’ng this period. The battery supply for the marker beacon
station shall maintain normal oreration for at least 72 consecutive hours

at any temperature between the extremes specified in 3.1.13.

3.1.16 Test points and test facilities.- The ILS design shall incorporate
indicators, warning signals, test jacks, and test points as necessary to
facilitate trouble shooting and malfunction isolation. Test points shall
be provided to check :ssential waveforms and voltages and for the injection
of test signals. The test points shall be strategically located for easy
accessibility. Their locations shall be kept to a minimum and each shall
be labeled for easy identification and reference to maintenance dats, and
designed for easy attachment of test probes and test equipment.

3.1.17 Meters.- Cach localizer, glide slope and marker beacon station shall
be provided with appropriate built-in thru-line wattmeters in the output
sections. These wattmeters shall be capable of measuring forward and reverse
power for calculation of the voltage standing wave ratio (VSWR). Suitable
metering shall also be provided to allow monitoring power supply voltages

to each equipment.

3.1.18 ’bnormal condition indicator panel.- A panel shall be supplied at
each of the localizer, glide slope, and marker beacon stations which provides
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visual indication for a minimum of the following abnormal conditions. Any
abnormal indication on this panel shall caute a simultanecus sbnormal
indication at the ILS Remote Control Indicator. (see 3.8)

a. Primary Power Failure.

b. Battery Charger Failure.

c. Shelter temperature outside of acceptable limits (where applicsble).

d. Monitor locally bypassed.

e. Station off the air.

f. Monitor alamm (see 3.1.26b).
3.1.19 Not used.
3.1.20 Tools.- The variety and number of special tools and test equipment
required to maintain the ILS shall be held to a minimum. When peculiar tools
re required, the tool(s) shall be provided at the unit assembly where used
and a convenient 2eans for tool mounting shall be included.
3.1.21 Finish and color.- Colors of the ILS exterior surfaces shall be
aviation orange, color 12197, and insignia white, color 17875, in accordance

with PED-STD-595. Exterior surfaces shall be painted in accordance with
FAA-STD-003.

3.1.22 System construction.- Each station of the ILS shall be designed as an
operating entity that will perform as specified when installed and adjusted
in accordance with data furnished by the surplier. Only required power and
control wiring to the various sites in accordance with installation require-
ments furnished by the supplier will be provided by the procuring activity.

3.1.23 Solid .itate components.- The ILS shall be designed using solid state
components (i.e. no themionic tube devices shall be used).

3.1.24 Modular construction.- The ILS design shall make maximum use of sezied
components and easily removable plug-in module assemblies containing one or more
related circuits, The design of the modules shall permit disassembly of the
moduie fcr maintenance.

3.1.25 Microcircuits.- Any microcircuits used in any part of the ILS shall
conform to the criteria specified in MIL-E-83210 and shall be subjected to

the screening procedures of test method T5004, class B, in accordance with

FAA-G-2100/5.
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3.1.26 Monitor requirements

a. Gemeral. Each station of the ILS shall be provided with & high-integrity
monitor system that provides fault detection by momitoring the specified signal
parameters snd initiates automatic switchower, or shutdown of the faulty equip-
ment as appropriate. The monitor system shall operate in conjunction with a
remote control-indicator that provides audible and visual indication of system
status and complete, positive control of all system units. The design of ali
msonitor components shall yield extremely high reliability and integrity, and
shall be of a fail-safe nature so that failure of any individual monitor
channel itself or the loss of the signal will cause a fault indication to
occur. All monitors shall have adjustable sensitivity controls for each of
the parameters being monitored. These controls shall be located at the iocal
site. All monitors shall have an override switch that disahles wonitor
action during adjustment and maintenance. Activation of the override switch
shall cause a fasult indication locally and at the remote control-indicator.

b. Localizer and Glide Slope monitors.- The localizer and glide slope
stations shall have triple monitors such that each specified parameter of the
transmitter on the air is examined by three identical monitor channels
connected in parallel (exception, localizer course, see paragraph 3.3.4).

Two out of three channels shall sense the parmmeter as being out of tolerance
before transfer or shutdown action is initiated. However, the sensing of

an out of tolerance condition by any channel shall produce indications

of abnormal operation (see 3.1.18 and 3.8). Monitor antennas, pickups,

cable and RF combining networks shail be exempted from the redundancy require-
ment. The parameters of the standby transmitter:shall be monitored by single
channel internal monitor channels. Upon sensing an out-of-tolerance signal
from the standby transmitter, this transmitter shall he shutdown. All monitor
channels shall be stabilized within 2 seconds after initial application
radiated signals. Concurrently, integral monitor action shall begin within

2 seconds after initial application of radiated signals when such signals

are outside of allowable tolerances. Interaction of all the monitor
parametrers shall be minimized allowing simple straight-forward adjustments

of all monitors in turn with minimum readjustments.

The monitors shall provide a meter indication in each station of all
parameters monitored. Meters shall be so calibrated that readings may
be used directly to ascertain correct values of path alignment and width.
Meter deflections shall be compatible in sign to aircraft crosspointer
deflections. Memory lights shall be provided to indicate which monitor
channel caused an alam,

3.2 VHF localizer station performance requirements.- The localizer station
shal\ Fe designed to meet the following performance requirements:

3.2.1 General,- ICAO, Annex 10, Part I, paragraphs 3,1.3.1,1-3.1.3.1.3 are
applicable.

:
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3.2.2 Radio frequency.- ICAO, Annex 10, Part I, paragraphs 3.1.3.2.1, 3.1.3.2.2,
3.1.3.2,2.2 and 3.1,.3.2.3 are applicable.
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3.2.3 Coverage.- With the transmitter rf power output reduced to the monitor
alarm point, the localizer coverage sector shall extend from the localizer
antenna to distances of 25 nsutical miles within + 10 degrees from the

front course line; 17 nautical miles between +10 and +35 degrees from the fronmt
course line. The localizer shall provide signals sufficient to yield a signal
strength of at least S microvolts which results in a flag current of 240 micro-
amperes in a standard calibrated aircraft .installation and shall yield no
false courses within +35° from the front course line. The localizer signal
shall be receivable at the distance specified, at and above a height of

1500 feet above the elevation of the threshold or 1000 feet above the
elevation of the highest point within the intermediate and final approach
areas, whichever is the highest. Such signals shall be receivable, tc the
distances specified up to a surface extending outward from the localizer
antenna and inclined at 7 degrees above the horizontal. The ratio of the
course carrier signal strength to the clearance carrier signal strength

along the runway centerline shall be at least 10 db. The minimum signal
strength at a height of 20 feet above the threshold, and at that height

along the length of the runway, shall be not less than 200 microvolts per
meter,

3.2.4 Backcourse.- A backcourse <hall not be provided.
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5 Canier modulation.- ICAO, Annex 10, Part I, paragraphs 3.1.3.5.i,
3.5.2 Zfitegory Iy, 3.1.3.5.3c), and ¢), 3.1.3.5.3.2, 3.1.3.5.3. ),
3.5.3.4b) and 3.1.3.5.3.5, are applicable.

3.2
3.1
3.1

3.2.6 Course alignment accuracy.- Based on a nominal sector width of 700 feet
at threshold the equipment shall be capable of maintaining (except for radiated
signal interference) a course line within the equivalent of +10 feet from the
runway centerline at the ILS reference datum and adjusting the same between
435 feet from the runway centerline at the ILS reference datum.

3.2.7 Displacement sensitivity.- The nominal displacement sensitivity within
the hal¥ course sector at the ILS reference datum shall be 0.00044 DOM/foot,
based on a nominal sector width of 700 feet at the ILS reference datum. The
increase of DDM shall be substantially linear with respect to angular displace-
ment from the front course line up to an angle on either side of the fromt
course line where the DDM is 0.180. From that angle to +10 degrees, the DDM
shall not be less than 0.180. From +10 to +35 degrces, the DIM shall not

be less than 0.155. When the course sector is widened sufficiently to cause
an alarm, the DDM shall not be less than 0,165 from +4 to +10 degrees, and
0.139 from +10 degrees to the limits of coverage.

3.2.8 Course sector width.- The localizer sector width shall be tailored to
u value of 700 feet at the runway threshold, except that it shali be not less
thar 3.0, nor more than 6.0 degrees and shall be maintained within 10 percent
of that value. The sector width shall be easily adjustable between the values

of 2.4 and 7.2 degrees.

3.2.9 Voice.- A voice channel capability shall not be provided.

3.2,10 Identification.- ICAO, Annex 10, Part I, paragraphs 3.1.3.7.1 through
3.1.3.7.4 are applicable,

3.2.11 Monitoring.- The automatic monitor system shall cause a degradation
of Facility Performance Category III to Category II or cause radiation of
Facility Performance Category Il to cease for any of the following conditions.

a. A shift of the mean course line from the runway centerline equivalent
to 10 feet (25 feet for Cat. II) at the ILS reference datum,

b. A reduction of power which causes the localizer to fall outside the
limits of 3.2.3, 3.2.5 and 3.2.6 inclusive; or which exceeds a
reduction in either carrier to 80 percent of normal for two-frequency

configurations.
¢. A change in displacement sensitivity exceeding 10 percent of nominal.

d. A continuous identification tone, absence of periodic identification
signal, or a decrease in identification modulation level of 50 percent

or more from nominal.

e. A degradation of clearance signal causing the clearance requirements of
3.2.7 to be violated.

f. A change of the modulation percentage outside the 19-21% limits,

A-ll
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The total period of radiation outside the tulcrance limits specificd in these
performance limits shall not excced 1 second for Facility Performance
Category 111 operation.

9
3.3.1 Equipment list.- The localizer station shall include the localizer

transmitters, the localizer antenni, a monitor and control system, and an
equipment shelter, 211 as described below.

3.3.2 Lloczlizer transmitters.- The localizer transmitter system shall be a
two-frequency (capturc-ciiect) design or a single. rf carrier design utilizing
sudio phasing techniques to achicve the capture effect. Two such systems
shall be provided; onc designateu main transmitter system shall cause the
localizer antcnna to radiate while the standby system normally is transmitting
internally scnitored signals to dumny load(s). Upon automatic or manual
shutdown' of the main systeci, the standby transmitter system shall be
immcdiately available for transfer to the antenna (if operating). While the
standby transmitter is opcrating into the antcnna, the main system shall
remain shut down, T7The localizer transmitter shall include a provision to
transmit an “alert shutdoun" signal to the pilot whencver the localizer

near field course monitor alanis and for five seconds imnediately nrior

to expected shutdown aclion on the locatiisse by the far ficld mopnitor. Such

-a signal could conceivohly be an zudio tore in the range from 600 to 2000 Iz

on the dircctional transmitter, triggered by the respective monitor alamms.

The nututal interfarence between the tio systems shall be reduced to a minimum

with negligible mutual nonitor interference. Any stray radiation fron the

standby system should be at least 60 db below the carrier level of the nain

system as mcasurcd at the transmitter antenna system. Unless it can be shown

that electronic modulation is erual or advantageous, mechanical modulation shall be
employed. A elapsed tiune indicate -lLall be provided.

- - ————— T st e .

3.3.3 Localizer antenna.- The localizer antcnna shall be of sound design
with the nubers and complexity of elements or reflectors held to an

absolute minimun commcnsurate with the performance,criteria specificd hercin.
The addition of a clearance array scparate from the course antenna is )
permitted. The clearance radiation pattern shall be designed consistent with
the purpose of minimiZing on course degradation due to siting effects; i.e.,
ideally, from the capture effect points to + 35° the signal level should
remain level and decrease rapidly beyond ¢ 55°. Carrier radiation (clearance
signal excepted) from the array shall have a beamwidth not exceeding ¢ 35
degrees at the half power points and shall be at least 20 db below the value
at 2cro degrees for angles greater than + 10 degrees. The peak level of
course producing sideband radiation from the antenna shall occur at angles

no greater than + 3 degrees. Sideband radiation at angles greater than

¢ 10 degrees shall be at least 20 db below the peak value. The nominal input
Impodance of the antenna system shall be 50 ohms. The array shall be designed
for installation on the ext.nsion of the centerline of the runway at the stop
end and be made to produce course lines in a vertical planc containing the
course line of the rumiay served., The antenna shall have minimum height to
satisfy cuveras? reauyreuents in 3.2.3, ind should not exceed an overt:iil
heigit of 20 ft. The antenna shall te franvible and suitable for installation
and operation in a standard approach light lane, if necessary, with minimum




TN

R L Y e R R
A "

FAA-ER-320-202 REV NO. 1 -11-

mutus]l interference. Two each dual obstruction lights per FAA Advisory
Circular AC 150/5345-2 shall be provided for mounting on both sides of the
antenna arrasy. The lamp in each fixture shall be wired in parallel and
shall be rated at 100 watts.

3.3.4 Localizer monitor and control system.- To insure the integrity of the
localizer signals, integral. near fiel%, far field and standby transmitter
monitors shall perform as outlined below. In addition to control of the
transmitting equipments, the indicated status at the Remote Control Indicator
shall be downgraded from Facility Performance Category III to Category Il
whenever 1) standby equipment is not available, 2) standby equipment is on
the air or 3) the far field monitor indicates an out of Category 1II course
tolerance. Upon shutdown of the localizer system a visual and sudio alamm
indication shall be initiated at the remote control indicator and restoration
of locaiizer radiation shall be prevented for at least 20 seconds. It shall
be possible to bypass any or all monitor channels. Fig. 1 illustrates some
of the localizer monitor and control system requirements herein.

a. Integral monitor. Each radiating element (possivle exception:
clearance array, see below) shall have an integral monitor pickup
device; by suitable signal combining, the integral monitoring system
shall provide composite signals for the monitoring of course position,
course width, proper clearance signal, power level, carrier percent
modulation, and identification signal. If proven advantageous and at
the option of the Government, the three last-named parameters may
utilize signals coupled from the antenna transmission line in lieu g
of antenna radiated signals. See also (b) below for an optional 3
method of monitoring clearance signal). If a two-frequency capture |
effect localizer is provided, it may be necessary to monitor the
directional and clearance carrier powe: levels separately.

3
#

odend.

The monitors utilizing integral monitor pickup devices (or transmission
line signal coupling) shall, 1) if the main transmitter is on the air,
immediately shut it down and, if the standby transmitter is operating
into the dummy load, transfer it to the antenna, upon simultaneous

any two out of the three course, width, power, modulation, clearance

or identification, respectively, monitor alarms, or 2) if the standby
transmitter is on the air, immediately shut it down, if at least two out
of the three course, width, power, modulation, clearance or identifica}ion
respectively, monitor alarms, An alternative design as indicated in Fig. {,
applying to the course monitors alone, may be followsd if proven advantageous
to the Government.

b. Near-field menitor. A near-field monitor pickup device shall be
provided to verify course alignment. The signal from the near-field
pickup device shall be utilized to operate two paralleled monitor
channels (to be set for Category II course alignment tolerance).
Whenever an out-of-tnlerance condition exists for a period of S
seconds, as sensed by both channels, shutdown action without transfer
shall take place of hoth transmitters. The nominal 5 second delay
time shali be adjustable from 2 to 10 scconds. At Lhe option of the
supplier, additional near-field monitor pickup devices may be utilized

A-13
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in 1lieu of using integral pickups for the monitoring of proper clearance
signal. In this case, an alam delay shall be provided as specified
above, and after the set d2lay, both transmitters shall shut down.

c. Far-field monitor. There chall be three far-field monitor pickup
antennas to be located on an appropriate support structure such as
telephone poles at or near the middle marker site. The pickup sigmls
shall be utilized to operate three receiver/monitors each provided with
dual alarm limits for monitoring of localizer course aligmment. The
receivers shall be of the crystal controlled superheterodyne type with
suitable band-pass characteristics to reject adjacent channel signals.
Bach monitor shall be capable of being set for Category III and Category
IT course aligmment alerm limits simultaneously. The three Category ITI
tolerance alarm limits shall operate in parallel with the provision that
vhenever at least two of the three monitors indicate an out-of-tolerance
condition, a disable Category III signal shall be transmitted to the
Remote (ontrol Indicator for the duration of the fault. Two of the
Category II monitor course alarm limits (any two) shall be connected
in parallel and shall operate so that whenever an out-of~tolerance
Category II condition exists for a period of TO seconds, as sensed by
both monitor channels, all localizer radiation shall cease unless this
function is by=passed at the localizer station, without attempt to trans-
for to the standby transmitter. Five seconds prior to the anticipated
shutdown, the monitor shall trigger the localizer transmitter alert
shutdown signal (see 3.3.2). The nominal TO second time delay shall be
adjustable from 40 to 120 seconds and shall be automatically re-initialized
each time the DM as indicated by both channels lies within allowable
tolerances for longer than 50 milli-seconds. The output DIM of one of
the channels shall be remotely displayed on a meter at the localizer
station for use as a maintenance aid. The far-field monitor shall be
housed as described in 3.7.5, shall be provided with standby power as
described in 3.1.15 and shall be envirommentally controlled if necessary
to operate during all environmental extremes.

d, Standby transmitter monitor. An internal monitor consisting of single
channels and utilizing signals coupled from the transmission line from
standby transmitter(s) to the dummy load(s) shall monitor course, width,
power, modulation, clearance and identification. Upon detecting a fault
the standby transmitter shall shut down after an adjustable time delay
from 2 to 5 seconds. While the standby transmitter(s) (are) is on the
air, a disable Cat III signal shall be transmitted to the Remote Control
Indicator. (See Figure 1)

‘ 3.3.5 Equipment shelter (localizer and glide slope stations).- Shelters con-
- forming to MIL-S-55286 and the requirements specified herein or conforming to
| an alternate design acceptable to the Govermment shall be provided for both
2 the glide slope and localizer stations and shall include a test bench. The
. length and width of the shelter may be increased as necessary to accommodate
; the IIS equipment. The localizer equipment shelter is intended to be located
about 300' from the antenna array center within a sector of + 60° to * 120°
from the centerline extended. The glide slope shelter is intended for
location directly behind the glide slope mast.

? A-1b
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c.

d.

Electrical system. All power line circuitry necessery for proper
operation of the ILS shall be supplied in the shelters as part of the
shelters. The wiring shall he of the proper size to handle the maximm
power required and shall comply with the requirements of the Natiomal
Electric Code. All power and multi-conductor cables shall be shielded
or constructed to minimize interference radiated by the cables.

Power input panel. Power receptacles shall be located on the fromt of
the shelters in suitable sloped power input panels and shall be properly
labeled.

Lighting circuit, Lighting circuits with the necessary fixtures and
switches shall be provided as part of each shelter.

Convenience outlets. A wiring raceway with at least two duplex con-
venience outlets on each main wall shall be provided on the inside walls
around the periphery of the shelters. The wiring and fixtures of this
circuit shall be adequate to carry the required current to the equipments.
A minimum of five outlets shall be provided, spaced at intervals of one
foot in the immediate area of the work bench.

Power junction box. A junction box shall be provided on the front end
of the shelter interior to accommodate the puwer input receptacles.

bistribution panel. All electrical branch circuits shall be energized
from a master distribution panel connector to the power junction box.
The distribution panel shall be mounted on the inside entry wall of
the shelters.

Secondary power input. A male connector, suitably sealed, shall be
provided on the outside of the shelter. This connector shall be
capable of accepting power from an EMU-10 power cart to operate the
localizer or glide slope facility. The connector shall be suitably
switched to preclude any damage from simultaneous spplication of
primary wower and the power cart,

Fire extinguisher. A S-pound CO, fire extinguisher shall be provided
in each shelter and mounted on the inside of the shelter doors.

Securing of parts. Brackets, lugs, flanges, inserts, bolts and other
wountiny arrangements shall be such as to retain components and parts
securcly when the equipments are subjected to the specified service
conditions.

Shelter layout. Equipment layout in the shelter shall be designed for
ease of maintenance. All sides of equipment racks which require access
for service shall have sufficient clearance from objects and walls to
permit such access,

Batteries. Batteries for the standby power supply shall be mounted
in an externally vented, easily accessible battery box in such a way
that no harm can be caused by acid spillage.
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1. Envirommental controls. If envirommental controls (heaters, air
conditioners, etc.) are required for operation during the cemditions
specified in 3.1.13 these controls shall be supplied in kit form and
in such a way that no specialized parts (other than those in the kit)
and only minor shelter modifications are required to remove or install
the kit. Air conditiconers shall comply with the requirements of
FAA-C-2256.,

3.4 UHF Glide Slope Station Performance Requirements.- The glide slope station
shall be designed to meet the following performance requirements.

3.4.1 General.- ICAO, Annex 10, Part I, paragraphs 3.1.4.11, 3.1.4.1.2,
3.1".1.2.2055. 3.1.‘.1.3’ ‘nd 3'1'4.1.4 ‘re wplic‘ble.

3.4.2 Radio frequency.- The glide slope transmitter shall be adjustable, one
at a time, to all of %ﬁe 20 assigned channels, spaced on 0.3-MHz increments
across the band of 328.6 to 335.4 Miiz. The frequency tolerance shall not
exceed 0.002 percent. The frequencies of the r-f carriers shall be
indidvidually adjustable and the nominal band occupied by the carriers shall
be symmetrical about the assigned frequency. With ail tolerances applied,
the frequency separation between the carriers shall not be less than 4,

or more than 12, KHz, ICAO, Annex 10, Part I, paragraphs 3.1.4.2.2 and
3.1.4.2.3 .are also applicable.

3.4.3 Coverg%qé; With the transmitter r-f power output reduced to the monitor
alarm point, the glide slope shall provide signals sufficient to allow
satisfactory operation of a typical aircraft installation in a sector of 8
degrees on each side of the runway centerline extended to a distance of at
least 10 nautical miles up to 1.750 and down to 0.450 or the angle corres-
ponding to 0.22 DDM, whichever is lower.

3.4.4 Glide path structure,- Deviations of the actual glide path from the
mean glide path shall remain within the operational tolerances specified in
FAA Order 8200.11B with a 95 percent probability.

3.4.5 Carrier modulation.- The nominal depth of modulation of the radio
frequency carrier due to each of the 90-ilz and 150-Hz tones shall be 40
percent. The depth of modulation shall not deviate outside the limits of
37.5 to 42.5 percent but shall be continuously adjustable between those
limits. ICAO Annex 10, Part I, paragraphs 3.1.4.5.2c)d)e), 3.1.4.5.2.2,
3,1.4,5.3b), 3.1.4,5.3.1b) are also applicable.

3.4.6 Displacement sensitivity.- The angular displacement sensitivity shall
be as symmetrical as possibie. The nominal angular displacement sensitivity
shall correspond to a DUM of 0.0875 at an angular displacement of 0.30 to
0.40 degrees above and below the glide path, This value corresponds to a
deflevtion of ¢+ 75 microamperes. The DDM below the ILS glide path shall
increase smoothly for decreasing angle until a value of 0.22 DDM is reached.
This corresponds to a 'fly up" deviation of 190 microsmperes. This value
shall be achieved a¢ an angle of not less than 0.30 sbove the horizontal.
However, if it is achieved at an angle greater than 0.450, the DDM shall
remain equal to or greater than 0.22, at least down to 0.450. The glide path
width and angle shall be so'adjusted that an aircraft flying in such a way
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83 to just ~lear all obstructions between the outer marker snd the threshold
obtains a signal of no less than 180 microsmperes (0.21 DDM) "fly up”. With
the glide path widened or lowered to the alam point, no less than 150 micro-
amperes (0.175 DDM) shall be obtained. The sngular displacement sensitivity
sh:ll b; adjusted and maintained within 4 15 percent of the nominal value
selected.

3.4,7, Monitoring.- The automatic monitor system shal) cause a degradstion of
Facility Performance Category III to Category Il or cause radiation of
Performance Category II to cease for any of the followins conditions:

a. A shift of the mean glide path by more than 0.0400 from 0.

b. - - . - .-
A recuction of power output causing the guidance signal to fall outside

the limits of 3.4.3 or those specified under 3.4.4, or which exceeds
a reduction of 80 percent from nominal power output for either carrier.

c. A change in displacement sensitivity to a value differing by more than
15 percent of the nominal value selected.

i

d. A lowering of the line below the glide path at which a DDM of 0.087S
is realized to an angle less than 0.7480 from the horizontal.

e. Deterioration of the glide slope system that would result in the
reduction of helow-path clearances outside the limits specified in
FAA Handbook OA P 8200.1.

The total period of radiation outside the tolerance limits specified in
these performance limits shall not exceed 2 seconds.

3.5 Glide Slope Station Equipment Requirements

3.5.1 Equipment list.- The glide slope station shall include the glide slope
transmitters, the glide slope antennas with a suitable mast, a monitor and
control system, and an equipment shelter all as described below. The equip-
ment shall operate as a capture effect glide slope, however, it shall be
pos:ible to convert the equipment for use as a null reference glide slope,
and if additiona) equipment is required for this conversion, it shall also he
furn.shed,

3.5.2 Glide slope transmitters,.- The glide slope transmitting system shall be
a two frequency (capture effect) design. Two such systems shall be provided;
one designated the main transmitter system shall cause the glide slope antenns
to radiate while the standby system is normally transmitting internally
monitored signals to dummy loads. If the standby transmitter output is not
satisfactory, it shall be shut doxn. Upon automatic or msnual shut down of
the main system, the standby transmitter system shall be immediately availahle
for transfer to the antenna (if operating). While the standby transmitter

is operating into the antenna, the main system shall remain shut down. The
mutual interference between the two systems shall be reduced to a minimum

with negligible mutual monitor interference. Any stray radiation from the
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standby system should be at least 60 db below the carrier level of the main
system as messuyed at the transmitter sntenna system. Ulnless it can be shown
that electronic modulation jis equal or advantageous, mechanical modulation
shall be employed. An elapsed time indicator shall be provided.

3.5.3 Glide slope antenna.- The capture effect glide slope shall include
three identical antenna arrays, two of which could be used for s null
reference system. The antenna arrays shall be designed to provide a maximm
of ¢ 15 degree horizontal besmwidth as measured at the half power points.
The antenna and monitor mast shall bhe designed for a location no closer than
400 feet to the centerline of the runway being served, and shall not exceed
55 feet in height above the elevation of the runway centerline nearest it.
The antenna arrays and units shall be so designed and envirommentally
protected that they operate properly under all climatic conditions of 3.1.13.
Provisions shall be made to prevent hirds from alighting on the antenna
elements. A dual obstruction light per FAA Advisory Circular AC 150/5345-2
shall be provided for mounting on top of the mast. The lamp in each fixture
shall be wired in parallel and shall be rated at 100 watts.

3.5.4 Glide slope monitor and control system.- To insure the integrity of the
glide slope signals, integral, near ficld and standby transmitter momitors
shall perform as outlined below. In addition to controlling the transmitting
equipments, the indicated status at the Remote Control Indicator shall be
downgraded from Facility Performance Category IIl to Category 11 whenever
standby equipment is not available or is on the air. Upon shutdown of the
glide slope system a visual and audio alarm indication shall be initiated

at the Remote Control Indicator and restoration of the glide slope radiation
shall be prevented for at least 20 seconds. It shall be possible to by-pass
any or all the monitor channels. Fig. 2 illustrates some of the glide slope
monitor and control system requirements herein.

a. Integral monitor., Pickup devices shall be located at each radiating
antennd array; by suitable signal combining, the integral monitoring
system si.all provide composite signals for the monitoring of path
position, path width, power level, carrier percent modulation and,
in the .ase of the capture-effect system, below path clearance. (If
proven advantageous, and at the option of the Government, the power
level and carrier percent modulation parameters may utilize signals
coupled from the antenna transmission line in Jieu of antenna radiated
signals}. The monitoring channels utilizing integral monitor pickup
devices (or transmission line signal coupling) shall provide integral
monitor action, i.e , shut down the transmitter on the air, and as
appropriate, transfer the standby transmitter to the antenna upon
sensing an out of-tolerance parameter simultaneously in two of the
three channels * » wonitor channels provided for path position
monitoring shall he .able :.i heing adjusted for use with a capture-
effect system, ard of being disabled, if desired, when used in a null-
reference configuration.

h. Near field wnnitor. A near-field pickup device located on a suitable
towei . shall he provided to verify path position. The signal from the
near-field nickup device shall ne utilized to operare the paralleled
monitor channels. Whenever an out-of-tolerance condition exists for a
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period of 2 seconds as sensed by two of the three channels, the trans-
mitter on the air shall be shut down, and if appropriaste, the standby
transaitter output shall be transferred to the antemna. The mominal

2 second delay time shall be adjustable from 2 to 10 secords.

c. GS tower deformation monitor. A device shall be provided to detect
permanent misaligmment or deformation of the antenna tower to a degree
which would emuse improper below-path clearance signals. This device
shall have sufficient damping or time delay to make it impervious to
tower vibration or temporary deflection caused by wind loading, etc.

d. Standby transmitter monitor. An internal monitor consisting of single
channels and utilizing signals coupled from the transmission line from
the standby transmitters to the dummy loads shall monitor course, width,
power modulation and clearance. Upon detecting a fault the standby
transmitter shall be shut down after an adjustable time delay from 2
to 5 seconds. When the standby transmitters are on the air, a diswle
Category IIl station indication shall be transmitted to the remote
control indicator. (See Fig. 2.)

3.5.5 Equipment shelter. See paragraph 3.3.5 with subparagraphs.

3.6 VHF Marker Beacon Performance Requirements.- The VHF marker beacon
station shall be designed to meet the operational requir sents of ICAO
Annex 10, Part I, and the performance requirements specified herein.

3.6.) General.- The VHF marker beacon station shall provide information about
the distance to the runway threshold of an aircraft engaging irn approaches to,
and landings at, airfields.

3.6.2 Frequency.- The design center transmitter output frequency shall be

75 MHz, All specified requirements shall be met at this output frequency. The
output frequency shall be within ¢ 0,005 percent of the design center value
over the specified service conditions.

3.6.3 Radiated carrier power.- The full rated carrier power output of the
transmitter shall not be less than 2 watt over the specified service conditions
as measured at a 50-ohm unbalanced resistive load terminating the transmitter
output.

3.6.4 LoVexdkg The marker beacon field pattern shall be defined by the

locus of points at which a standard calibrated aircraft installation, set for
"1.4" sensitivity,K causes its marker beacon light to come on while the sircraft
is flying toward the station. The field pattern shall satj:fy the following
conditions:

a, Wien cut by a horizontal plane, the pattcrn shall be an ellipse with
its minor axis parallel to the course line.

b. When cut by a vertical plane in the minor or major axis, the pattern
shall be within 25 percent of the limits shown on figure 3.

¢. The above coverage shall ex'end to an altitude of at least 3000 feet

above the station.
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The radiation shall be horizontally polarized.

lodulationAporcontg‘e.-

The transmitter shall be capable of being modulated from 85 to 98
percent over the full range of power output with any of the: audio tome
generators provided with the equipment. The modulation pircentage

for each tone shall be adjustable over this range. '

After initial acjustment to 95 percent modulation, adjustment of output

power over the av:ilable range shall not change the actual percent
modulation more than 3 percent.

After initial adjustment to 95 percent modulation with rated er
output under norm.: test conditions, the modulation shall be 91 to 99
percent under the specified service conditions.

A switch selected powition of the multimeter shall be provided to
indicate percent modulation. The meter scale shall indicate 50 percent
modulation at full scale left and 100 percent modulation at full scale
right. The error in indicated percent modulatic.. over the meter scale
shall not exceed + 1 percent of the actual percent modulation over the
full range of power output under normal test conditions. Under the
specified service conditions, the error in iadicated percent modulation
shall nct exceed + 5 percent of the actual percent modulation,

Modulation frequency

The transmitter shall include the built-in tone generating and modu-
lating facilities so that it can be modulated by each of the following
audio tone frequencies, as selected:

(1) 400 Hz (outer marker)
(2) 1300 Rz (middle marker)
(3) 3000 Hz (inner marker)

Each modulation frequency shall be within + 1.5 percent of the design
center frequency under normal test conditions. Variation of each
modulation frequency shall not exceed 2.5 percent of the design center
frequency under the specified service conditions.

The total harmonic distortion in the demodulated output shall not excced
8 percent with rated power output and 95 percent modulation.

Identification keyer.- The transmitter shall include solid state,

electronic keying facilities that shall key the following audio tones without
interruption of the carrier:

The outer marker audio modulation frequency (400 Hz) shall he keyed
to provide a continuous series of dashes.

The middle marker audio modulation frequency (1300 Hz) shall be keyed
to provide a continuous series of alternate dots and dashes.
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. €. The imper marker audio modulation frequency (3000 Hz) shall be keyed
to provide a continuous series of dots.

The keyer shall provide charscter timing as follows:

d. Dot length: 0.1 second
e. Dash length 0.3 second
f. Length of space between 0.1 second

dots and dashes in a comn-
tinmous series and within
a code character.

The keying rates shall remain .'ithin + 15 percent of the design center values
under the specified service conlitions. Keying pulses shall start without
undesirable transients, shall have no discontinuities, and shall stop without
undesirable transients. Transient peaks due to keying shall not exceed 2
percent of the peak smplitude of the normal audio frequency waveform at

the modulator output.

3.6.8 Siting.- The marker beacon stations shall be designed to be located to
comply with the obstruction criteria of FAA AC 120-20 and the siting criteria
of FAA Orders 6750.4, 6750.5 and 6750.8. The inner marker shall be so sited
and adjusted that, in a typical aircraft installation on the established glide
path, the marker light comes on at an aircraft altitude corresponding to the
decision height.

3.7 Marker Beacon Station Equipment Requirements.

3.7.1 Equipment list.- An outer, middle, and an inner marker beacon shall be
furnished. Each marker bdea.or shall be complete and include marker beacon
transmitters, antenna, monitor and control equipment, and equipment shelters,
all as described below.

3.7.2 Marker beacon transmitters.- NDual transmitters, main and standby, shall
be furnished for each marker beacon station, and each transmitter shali be
complete with a rmodulator, means for generating the three tones, an identifica-
tion keyer and a front panel multimeter with a selector switch to display the
d-¢ supply voltage, critical r-f test points, modulation percentage, and the
monitor output for purposes of tuning-up and servicing the transmitter. Only
one transmitter shall coperate at any one time.

3.7.3 Marker beacon antenna.- The antenna shall be designed to meet the
coverage requirements of 3.6.3.

3.7.4 Marker bescon monitor and control system.- The local monitor shall cause
a visible and audible alarm at the remote control-indicator if the following
conditions occur:

a. The power output of the transmitter drops below 50 percent of nominal.
b. Audio modulation or identirication keying is not present.
c. Primary power to the site fails,
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d. The antemna is damaged to the extent that the pattern is adversely
affected.

A control to vary the monitor threshold semsitivity to transmitter power output
shall be provided at the marker beacon site. If the power output drops below
50 percent of nominal, or if the audio modulation or identification keying is
not present, the monitor shall cause the main transmitter to shut down within
S seconds and transfer operation to the standby transmitter. In case of an
alarm on the standby tramsmitter, it shall not shut down automatically.

3.7.5 Marker beacon station shelter.- The transmitters, monitor and control
equiprent, and battery charger equipment shall bc housed in a double-walled
aluminum or steel shelter designed for mounting on a staging platform (not
furnished under this requirement).

a. Cabinets. The outer cabinet shall he vented to provide convection
cocling of the equipment while simultaneously providing protection
against rain and screening against insects. ‘The inner cabimet shall
be vented as required for adequate convection coeling with (RF)
screening as required to meet equipment performance requirements. A
duplex convenience outlet shall be installed inside the inner cabinet
and shall be wired for 120V a-c operation. )

b. Cavers. The shelter shall be provided with inner and outer front covers.
The inner cover shall be top hinged and secured by means of Dzus, or
equivalent, fasteners along the bottom and side edges. A movable bar
shall be provided to support the cover in a horizontal position as a
rain shield. The hinges shall be detachahle to permit complete
removal of the cover when desired. When positioned as a rain shield,
the cover shall not interfere with removal of the modules or use of
extender cards. The outer cover shall be removable ty captive thumb
screws. A hasp shall be furnished for attachment of a padlock (not
furnished under this requirement) to prevent unauthorized access to
the equipment within the cabinet.

c. Battery shelter.- A separate aluminum housing shall be furnished to
contain the batteries needed to satisfy the power requirements of
3.1.14 and shall be designed for mounting on a platform. It shall
have a hinged cover that provides adequate weather protection for the
batteries and permits the necessary air flow for ventilation. A hasp
shall Le furnished for a padlock to preclude unauthorized access to
the equipment.

3.8 Remote Conuicl Indicator.

3.8.1 General.- The Remote Control Indicator shall consist of two panels:
An ILS Remote Control Panel, and an ILS Status Display Panel. Each panel
shall be designed for mounting in a standard 19-inch relay rack, and shall
be an integrated unit serving all stations of the ILS. The two panels shall
operate independently of each other but shall be interconnected by standard
telephone cable and have parallel inputs from the individual ILS stations.
The two panels shall be identical in appearance except that the ILS Status
Display Panel shall not be provided with a telephone and shall not have any
remote control functions. The ILS Remote Control Panel shall be the
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executive control unit for the ILS (3.8.2.a). The Remote Comtrol-Indicator
and ILS stations shall be intercommected using a maximum of 8 standard
telephons cable pairs, each having a maximm DC loop resistance of 2000 chms,
to each station.

3.8.2 Indicators.- Each station being served shall have the listed indicators.
Where s particular function is not applicsble to the station served, the
indicator shall be disabled by removing the lightbulb. The indicators shal!
be momentary contact, illumimated push buttons, segmented, colored and markea
as shown in Figure 4 and described below. Each group of two push buttons
shall be mounted on a plug-in module which may be removed and replaced without
affecting the operation of other stations of the system.

a. Status control indicator. This push button shall indicate whether the
main transmitter .. the standby transmitter is radiating signal or
whether the station is off. The "Main” segment shall be colored green,
the "Standby" segment amber, and the "Off" segment red. Depressing
this button on the Remote Control Panel shall cycle the station status
as follows ..... Station Off-Station On-Station Off, etc. The "Station
Off" action shall be instantaneocus; however, the localizer and glide
slope main transmitters shall not be capable of heing placed into
operation until 20 seconds or more have expired since the last removal
of radiated signal from the station (the foregoing delay to be
accomplished by automatic control equipment at the VHF localizer or
UHF glide slope site). A dimmer control shall provide simultaneous,
continuous dimming of the '"Main' segments of all status indicators
on the panel.

b. Abnormal indicator. This push button shall be amber colored and shall
illuminate, and an audible alarm shall sound, under any of the
following conditions:

(1) Primary Power Failure

(2) Battery Charger Failure

(3) Shelter inside temperature outside of acceptable limits
(4) Monitor locally bypassed (see below)

(5) Station off the air

(6) Monitor alarm (see 3.1.26b)

The button shall remain lighted until the fault is cleared. DNepressing
it while the audible alarm is sounding shall temporarily silence the
alam. The light shall flash at the rate of approximately 2 times per
second while the monitor of the station being served is locally bypassed,
regardless of any other abnormal conditions which may exist at the
station. An audible alarm shall sound each time an abnormal indication
occurs. It shall have the capahility of being silenced by depression
of an '"abnormal" button, Even if so silenced, the alamm shall sound
again each time a new "abnormal" indication is received. A volume
control, accessible by screwdriver from the front, shall be provided.
It shall not be possible to completely silence the alam with this
control,
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c. ILS Performance Category Status. Two indicator light pamels, green
snd amber, and labeled CAT 1II and CAT 11, respectively, shall be
provided on each panel to allow monitoring of the ILS Performance
Category Status. Only one light pamel shall be lighted at any time
and if the performance is below Category II status as defined below,
neither light panel shall be lighted. Whenever transfer is made from
one performance category status to another a momentary buizer shall
sound. A\ volume control accessible by screwdriver from the front
shall be provided. It shall not bhe possible to completely silence
the buzzer with this control.

The following input indications are required to light up the ILS
Category III indicator light panel:

(A) Localizer main transmitter on (See fig. 1)

(B) Localizer standby transmitter availsble (See fig. 1)

(C) Localizer far field Cat. III course monitor "happy" (See fig. 1)
(This alarm input (C) shall be delayable from 0-20 sec. by means of a
control on each panel.)

(E) Glide slope monitor "happy" (See fig. 2)

(F) Glide slope standby transmitter available (See fig. 2)

(G) DME OK
(H) Outer marker on (and no ri level or identification alam)
(I) Middle marker Oﬂ( " "o " " " " )

(J) Inner markeron (" " " ¢ " " "

(L) Localizer Station abnormal light off, (M) GS Station abnormal light off
Provisions for three additional optional inputs shall be provided. 8

It shall be possible to by-pass any or all input indications.

The following inputs are all required to light up the ILS Category II
indicator light panel:

(D) Localizer Category II monitor "happy" (See fig. 1)

(E) GS monitor "happy" (See fig. 2)

(i1) Outer marker on (and no rf level or identification alamm)
(1) Middle marker on( " " " " " " ")
(J) In“er marker on ( ”" " " 11} " 1" " )

(K) Category IIl indicator light panel light off.

3.8.3 Telephone handset and dial.- This unit shall provide voice communicat.on,
with ringing capability; to each site being served by the panel. A dial code
shall be provided which permits monitoring of the localizer identification
signal when the handset at th: localizer site is in its cradle. A switch
position shail be provided at the localizer site to permit local monitorirg

of the identification signal,

3.9 Additions. Requirements

5.9.1 Test equipment.- Any ground test equipment required for the set-up and
norma]l maintenance of the equipment, not available through regular commercial
channels, shall be furnished as part of the ILS equipment system, A list of
all required test equipment by type shall be furnished in the original proposal.
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3.9.2 Spare parts.- Spare modules or subunits shall he furnished so that for

any electronic circuit, or assembly within the system subject to failure there

is at least one such module or subunit availsble as a replacement. Additionslly,
if within the entire system furnished more than 10 identical subunits exist, at
least one such spare unit shall be furnished for each 10 units or a fraction of
ten units. In addition, a two-year self sufficient supply of spare parts required
in normal operation shall be furnished.

3.9.3 Equipment specifications.- Equipment specification (one per each sub-
system) shall be prepared per FAA-STD-005 and furnished.

3.9.4 Instruction books.- Comsercial type instruction books, describing the
complete theory, installation, maintenance and operation of each subsystem
shall be furnished. To contents shall be equal to the in-depth description as
re vired by FAA-D-638h, but exact comp11ance to the format requirements of this
specification is not required

3.9.5 Test Requirements

a. Laboratory tests. In plant inspection and testing shall be conducted
to demonstrate compliance withk the performance and equipment require-
ments herein. Each .ajor subsystem furnished (localizer, glide slope,
localizer far field monitor and markers) shall he suhjected to
environmental chamber tests to demonstrate satisfactory operation
under temperature and humidity extremes ‘specified in 3.1.13. The
contractor shall be responsible for all the testing necessary to
insure conformance and may utilize his own facility or any commercial
laboratory acceptable to the Government. The Government reserves the
right to perform any inspection where such is deemed desirable to assure
supplies and performance conform to the prescribed requirements.

b. Field tests. The contractor shall be required at a location designated
by the Government to assist in the installation and tune-up of the
equipment and may be required to implement reasonable modifications
or improvements designed to upgrade the reliability and integrity of
the system, if found desirable, during the field testing of the equipment.
Final acceptance is subject to successful demonstration of field
performance,

RELIABILITY, AVAILABILITY/MAINTAINABILITY AND FAIL SAFE DEMONSTRATION TFST

4,
PLANS AND PROCEDURES

4.1 General.- The importance of safety and availability are paramount in regard
to the Category 111 ILS equipment. This equipment must operate within the same
safety standards as present Category I, Il and VFR system, It is incumbent on
the contractor to demonstraty his proposed equipment by ai analytical and opera-
tional evaluation that the reliability, availability and fail-safe requjrements
specified within this work statement are met. The design evaluation shall be
consistent with the latest zvailable reliability engineer:ng procedures and

the performance evaluation sliall be based on statistical techniques requiring
the actual operation of the equipment, The meaning of specific terms used herein
shall be in accordance with MIL-STD-721B,
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The purpose of the operational demonstration tests is to assure the FAA that
the proposed equipment meets the reliahility, availability and fail-safe
requirements described below. The contractor will create the necessary
management controls to assure that the demonstration program is carried out
as specified. This demonstration will he conducted by the actual operatiom
of the equipment for a sufficient period of time to assure that the require-
ments specified below are met. However, prior to any operational demonstration
or fabrication of the equipment, it will be necessary for the contractor to
supply the FAA with the results of an analytical evaluation of the design to
demonstrate that the proposed design has the inherent capsbility of meeting
the specifications. The contractor will await approval of the final design
by the Contracting Officer orior to proceeding with the final assembly of the equip-

ment.
It is envisioned that some, or all, of the test time necessary for the

demonstration will be accummulated from equipment which is installed in an
airport. The contractor will be responsible for r11 data collection,
maintenance and failure evaluation prior to the acceptance of the equipment
by the FAA. Acceptance of the equipment will be contingent upon passing
the demonstration test.

4.2 Test Management.

4.2.1 Organizationzl requirements.- A demonstration test program is a

dynamic procedure, that reacts to events as they occur during the test

period. The contractor shall create a central test program management
organization to insure that the proper test specifications are applied and

that plan requirements are met. The test-program management shall be
responsible for overall coordination of the testing effort so as to prevent
duplication and to insure that there are no serious omissions. If any

portion of the program is subcontracted, the subcontractor shall be responsible
to the contractor for their portion of the task.

The contractor's test-program management organization shall be responsible
for supervising the formulation and implementation of the demonstration test
plans, procedures and data reporting system. The contractor shall specify
the methods of collecting data and indicate how the management team and the
FAA will be kept informed as to the progress of the demonstration tests.

The contractor will indicate what data collections will be used. All forms
will be approved by FAA,

4.2.2 Test scheduling.- The contractor will submit a test schedule that
indicates the major milestones in accomplishing the demonstration test.

4.3 Relisbility Program Plan

4.3.1 Minimum requirements.- The contractor shall establ;sh equipment reliability

through a program performed in accordance with MIL-STD-785 and MIL-HDBK-217A.
The reliability analysis shall contain the following as a minimum:

a. A reliability block diagram of the equipment indicating all redundancies,
series elements, voting logic, etc.

b. Failure rates for each element of the equipment, where an element is
defined as the highest level of assembly for which failure rates are

available. =26




FAA-ER-320-002 REV NO, 1 -25-

c. References of sll failure rate data and modification factors used to |
-sccount for envirommental conditions. Justificstion of these factors 1
must be based on engineering snalysis.

d. All system failure modes must be identified.

e. An estimate of the equipment relisbility will be made, based on the
sbove requirements.

f. All assumptions concerning the reliability analysis must be documented
and justified.

4,3.2 Reliabilig¥ assessment.- Using the results of 4.3.1, the contractor will
demonstrate that the proposed design is capable of meeting the requirements
specified below.

4.4 Demonstration Test Plan Specifications

4.4.1 Reliability demonstration plan specification.- The contractor shall
design and isplement & rellsbility demonstration test plan such that the
probability of the FAA accepting a system that does not meet the reliabjlity
requirements, shall not exceed 0.10. The reliability requirement is the

following: That during the critical phase of a Category 1II landing (any 10 and 5
second period for the locrlizer and glide slope, respectively), the probsbility of
a potsntillly hazardous signal fault including loss of signal shall not exceed (1.0)
X 10- Any failure time distributional assumption made in the selection of the
plan must be validated.

The contractor will specify the required test time, acceptable number of

failures and assumption made in the design of the plan. The contractor shall
also supply operating characteristic (OC) curves to illustrate the properties
of the proposed test plan. MIL-STD-781B shall be used as a guide.

For systems that have a high reliability requirement, the test time needed
for demonstrating the above requirement can te very long, i.e., several
thousands of hours, therefore, the contractor shall consider various methods
to reduce the required calendar time to perform ILS demonstration tests.

The calendar time shall not exceed 5,000 hours.

4,4,2 Availability/Maintainability demonstration plan specifications.- The
contractor shall develop an availability demonstration plan and analytical
model that are consistent with the reliability demonstration plan and
analytical model. The contractor shall design and implement an availability
demonstration test plan such that the probability of the FAA accepting a
system that does not meet the availahility requirements shall not exceed .10,

The availability requirement states that the system's stead state availabhility
shall not be less than .99.

The contractor shall design plans whereby fault simulation for corrective
maintenance tasks shall be performed by the introduction of faulty parts,
deliberate misalignment (bugging) etc., as specified in MIL-STD-471,
Maintainability Demonstration. A minimum of fifty (50) stratified (bugged)
samples are required for developing time-to-repair data. Since the amount
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of time in which Category 111 conditions exist is small with respect to VFR
conditions, preventive maintenance will only be scheduled during VFR conditions
and will not be charged against availability. The contractor can assume that
the time-to-repair data fits a lognormal distribution. The time-to-repair
data should not include logistic delay, i.e., repairmen, parts and tools are
avai lable. The contractor shall demonstrate System Maintainability (corrcc-
tive maintenance) by applying Method (&« = 5%) and Method 4 (90% confidence level)
from MIL-STD-471 using the fault simulation time-to-rcpair data.

4.4.3 Fail-safe demonstration specifications.- The contractor shall demonstrate
that the fail-safe properties of the Category III ILS Ground Equipment satisfy
the following criteria:

a. That all potentially hazardous failures are detected.

b. That all potentially hazardous failures do not cause inaccurate
commands .

The ahove criteria shall be demonstrated during the collection time-to-repair
data (Section 4.4,.2) by observing and recording the system's behavior to the
deliberate introduction of faulty parts and/or the misalignment of the system
in which a hazardous condition can occur, and if necessary to continue to
introduce faulty parts and/or misalign (bug) the system so as to demonstrate
a particular fail-safe characteristic that was not demonstrated during the
collection of time-to-repair data.

The contractor will assure the FAA that all potential modes of hazardous
failure have been studied and satisfy the fail-safe requirements.

4.4.4 Environmental condition specifications.- The contractor shall
demonstrate that equipment and structures such as antennas, cables, monitors,
; etc., that are continuously exposed to the outdoor environment must satisfy

! the extreme conditions of temperature, humidity, wind, rain, snow, fog and
vibrations induced by aircraft acoustical noise that can be expected at the

] : airport site.

The contractor shall ensure that vibrations induced hy ai-craft acoustical
noise do not have any significant effect on indoor equipment. The contractor
will describe in his test plan the methods to which these requirements will
be verified.

R

4.5 Demonstration Plan Evaluation Specifications

i

The Category 1I1 ILS demonstration plsns formulated and implemented hy the
contractor with the cooperation of the FAA will be subjected to continuous
evaluation by the contractor and FAA during the implementation phase.

4.5.1 Request for waiver.- Request for deviation or waiver from this speci-
fication shall be directed to FAA for approval.

4.5.2 Oral statements.- Oral statements by any person or persons shall not bhe
3 permitted in any manner or degree to modify or sinerwise affect the require-
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ments or any portiom of this specification, or any specification, standard,
drawing or publication referenced herein.

4.5.3 Conflicting requirements.- Conflicting requirements arising between
this s cation or any specification, standard, drawing or publication
listed herein, shall be referred in writing to the FAA, or appointed agent,
for interpretation, clarification, resolution or correction.

4.6 Documentation Specification

The contractor shall document the formulation and implementation phases of
the demonstration test plan program.

4.6.1 Docymentation ired for the formulation phase.- The documentation
for the formulation phase shall be s tted with the contractors proposal
for Category IIl ILS Ground Equipment as a separately bound document and
shall include the following:

a. The contractor's proposed demonstration plan management organization.

b. A complete description of the demonstration test plans, analytic
models and reliability analysis.

c. A complete description of the data reporting system with a descrip-
tion and samples of data reporting forms.

d. A milestone chart and planned work schedule indicating the time
required to demonstrate the various phases of the demonstration
requirements.

4.6.2 Documentation required for implementation phases.- Documentation for
this phase shall consist of the following:

a. Progress Reports are to be submitted at bi-monthly intervals with
milestone charts showing the planned work schedule and work compietad.
The contractor's demonstration plan management must ensure that these
reports are consistent with the objectives and plans described in the
Formulation Phase of the demonstration test plan program.

b. Final Report covering the completed contract effort shall contain as a
winimm:

1. Data collected.

2. Factors which influence data.

3. Analysis of the data (data reduction technique used, use of the
data by the analytic models).

4, Results of the demonstration.

A-29




31807 $3IINDII) [0IJUODH I0ITUOK I9z118¥d077 pasodoxd °1 °*ui4

o - - " nie UNSGJJ \5\-: g Aup . M'o

. — g4 xW‘s

. 3 . - " .- “ . . e\*\\b rng y Q§‘ & wo *Va.k Fé
u»\:!\h\l!\ﬂ' f.\\.v rpo.d 24, \I\* e 129y 2
. o dneys ssow coaden yo saperpes GNY  c12op oty w2
N‘\ YIS X 4VD 29050 = - womvod
*‘~Q.s\‘
DTINOD

(Pa392- 0 Oi »omry) Y ULy SANIYL LAETNGLS

(D) o3 TALYD MqvS'T *—

— .

‘ats)

(400 M »o vy

P54 209D

PUPRPRITTIN Agps wmop 74S IR

NV 30 2 I 25400
ﬂsv-vo_ \.‘!‘a.& we vy \bv“V\\ N 555
EIFRTETV
NQ\ Swywe HL‘U l.aoﬂﬁ* I YVIN
(2% 1 r20b “or2f 1eop
R S WO O+ 34102419 Prrieiogy
O (452 22 3 =R  pietine oo oo
‘C“W..s!s-”w!u revo ‘s-.”m. : /..::3 ov renmapdt “emod
: : r . ¥ G al o
—— om 1P
P02
A OIPup < RIia) SPIMIY -~ , = WISIUNT
3 SuGKpVINPN) \uu&u‘.-u
\.v\\.ﬁ.» NN e = SI001I24
u\NKlQ-‘J .\lﬁ-«.sﬁ\&
POV 9227 204 4Py 434 144 My

A-30

W g .




31807 SIPNDITD (0IIUOD ZOITUOW adolg 9PII9 pesodoad °Z "Old

nee alwyo sodur ouo hup = O

' ) ] " UV\*\*U ANy ] Q\‘*
LNSO*% psm u.\b\t. N Ferwr: “i Q\‘ hu\.w\<

- - " ’"

u\co.qo\n..(uc sndyro sv..\e\\ o

. Dot P} 2

»s ey — . ~‘0\\Q\\-\V.U§

() Treors F 480 e sa CER o
grod

A NUAIW SN YL ACOONELS
(412 4t +2 77 915)

| INY | — Ay o1 43h
/
/ “YIMIL GNNILNY

A-31

/

43jprom3iveas Agss werep 1795 E i \ g
-] \“3 I

l )
(3 50198 T/mM 10> 2993'Q E._Hl\hu wamod

DL Mt bl Agss o wafsnvi) -
L A d il el d iy MmO I0ys®

#Iip 3] VP

S K213 \n  (Jadile
N
: ONY yy0d
) anpiprp 12D 3y
3p SHOREHPY! Toy® UNT
s3/put? s)28000 R0 \N.Nt\\%\
worg3p )97 2341110y 124 1 OpY

lmN-




-x.)-
|
i .
' \ —miiieie V7Y 1T '".
! \ in feef
- '\- T |U|00 - T ki R -
R B, \ - |Goo.__..._.. — d o] et
| .
. '4‘()0 - frwonm I e } e o o

-t 1200
Majo |
A

inor
is

-w--' lOl(iO - /
b = GO0 - ]
L AT

arae P S 0')0 . .- . e e
VW 400 ¥4 )

3 {
&'..- - 200 -/V./L/.._.__. ——e JIUR AP

B e

AR Bt v . L

* 000 2000 3CCO ,

73000 TTEGeET T 1960, 0
I . . foat

{ .- . -
FIGU:t 3. Marker Beacon Verficul Ficld Taiierns

™

-
.. N o

| A-32




§(§. sl e Ce . L T

"@7TVOS OL LON ‘LNOAVT ALVINIXOUIdY ANV SNOLLONAJ

"TOMINOD TLIONITY ST *» oL

o SSEINGNOT) )

LD 2 C
©
.m\m.ssma
. {8
R § P
( = N 7 Y ( Y [ 1 (_33CaTs ) w
' ;\nlllllu_ -
ai I8
. iy i
STTINAON YOLVIIANI/TONLNCD TVIILNZAI 9
. | |
\7 . . By . _ . ._ . )
* 3wa wo wow 33w w wr s
T 16D | | 2T 160 |
J
SNLVLS AY0DIUYD FONY AL YOSINR
V S youevoonvsr/1e9ino2  S1T B
—
“1¢-

A33/34




!
Ky
!
:
i

PAA-ER-320-002
JUME 1970
REV. 0. 1
. FEBRUARY 1971
) / Requirement AVENDMENT 1
CAT 11X I8 ) OCTOBER 1972

This smendment forms a part of FAA-ER-320-002, Rev. No. 1 Pebruary 1971.

Page 5, paragrepb 3.1.15, third sentence. Change to read "...eight hours
for the localiser and glide slope stations and twenty-fowr hours for the
marker beacons.”

Page 7, paragraph 3.1.26a. Modify third sentence to read: "Fhe design of all
the monitor components shall yield extremely high reliability and integrity
and shall be of highest practical fail-safe nature to cause fuilures of any
individual monitor channel itself or the loes of the monitor input signal

to be detected as a fault indication."

Page T, paragraph 3.1.26b, after the sentence ending "...sbnormal operation

(see 3.1.18 and 3.8)." insert "Bxception: In the case of the localizer near
field monitor channels, this indication shall be delayed by the nominal 5 second
delay (see 3.3.4b) and in the case of the localizer far field monitors, this
indication is not required for the Category IIY out-of-tolerance bul shall be
present after the nominal Category II monitor delay of* 70 seconds (see 3.3.kc)".

Page 7. Add pearagraph "3.1.27 Test Connector.- A conveniently located test
connector with terminals for output sigpals from the monitors in form of Ac
analoy levels representing rf amplitude, sdm, ddm and ident, as appropriate,
shall be provided in the localizer, glide slope, and far field monitor. The
terminals shall be suitable for multi-channel recorder connections to record
system performance and/or a maintenance monitor without interaction with the
monitor. As a minimum, the following signals shall be available at the locallrer
and GS: Course position 1,2,3 - RF, SDM and DDM; Course width 1, 2, 3 - DDM:
IDENT 1,2,3; Clearance 1,2,3 - RF, SDM and DDM; NFM 1,2,3 - RF, SDM, DDM;
STBY Course - RF, SDM, DDM' STBY Course width - DDM; STBY Clear. - RF, SDM,
DDM; STBY IDENT. As 2 minimum the following sigual shall be available at
the far field monitor: DDM No. 1,2 and 3."

Page 7. Add paragraph "3.1.28 Maintenance Monitor.~ The maintenance monitor
shall provide local and remote pre-alarm indications of certain key parameters
of the localizer and the glide slope without interaction to the executive
monitor and control system. The equipment shall compare appropriate analoy
signal levels from each monitor channel with predetermined and adeguately
adjustable reference volteges and display the results locally and at a rentral
meintenance control point. A remote indication that a given perameter has
exceeded a preset value but not yet gone into alarm will signal the possible
need for preventive maintenance. Table 1 presents a list of the selecied parse
meters which shall serve a; inputs to the maintenance monitor, all of which,
with the exception of the localizer far ficld monitor and the batteries, are
available at the test connectors referged to in peregraph 3.:.27. The ILS
system operation shall, for practical purposes, be unaffected by the addition
or the removal of the maintenance monitor.
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The maintenance monitor system shall consist of four chassis with associated
status indicator panels. Each chassis shall house the required electromics.
The finish and markings on the panels shall be consistent with the ILS cabinet
pepels and the remote comtrol indicator. The remote status panel shall operste
on 115v 60 Hz single phase power supply. Power for the maintenance monitor
circuitry located at the localizer, glide slope, and far field momitor shall
te taken from the associatedcabinet battery charger output and the bettery
puver supply. The additional power required at each station shall be within
the station standby power capability as specified in paragraph 3.1.15.

Figwes 5 and 6 illustrate signal display requirements and possible layouts
of the indicator penels. Alternately, the localizer and glide slope panels,
in the interest of interchangeability may be made identicai. Each indicatc:
panel shall contain a power on/off switch =:d a lamp buib test switch. A
lamp power ewitch, if required, shall also be located on each local station
panel to permit conserving power by removing the display light voltage for
periods while station is unattended.

Figures T and 8 illustrate how the signals may be processed from the input
and on to the remote display. A near-out-of-tolerance condition on a given
input is detected and fed, if appropriate, to an OR gate whose output causes
appropriate local and remote indications. The stations peanels are connected
to the remote maintenance monitor status panel at the central maintenance
control point by multi-pair cables furnished by the Government. Three line
peirs are required for the far fiecld monitor, 9 pairs for the glide slope,
and 10 pairs for the localizer.

Page 9, paragraph 3.2.11.f. Change to read: "A change of the 90/150 Hz
modulaticn percentage sum beyond + 5% of nominal."

Page 10, paragraph 3.3.2. Delete the last sentence.

Page 11, paragraph 3.3.3. Modify the last sentence to read: "The lamp in
each fixture shall be 116 watt, GE #116 A21/TS lamp."

Page 11, paragraph 3.3.4. In the sentence "It shall be possible Lo bypass
any or all monitor channels" echange "any or all" to read "all the”.

Page 11, paragraph 3.3.4a last sentence. Delet: "as indicated in Fijure 1".

Page 12. Delete the first sentence of paragraph 3.3.4c. Far t'ield monitor.
Substitute therefor the following:

"Fer {ield monitor. There shall be three far ficld monitor pickup antennas to

be located on an appropriate support structure such as tel:phone poles at or
near the middle or inner marker sites."

Pag:e 1y. Delete the sentence under paragraph 3.%.7b and substitute therefor
the following:
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"A reduction of power output csusing the guidance signal to fall outside the
limits of 3.4.3 or those specified under 3.h.4, or vhich exceeds a reduction
to 80 percent fro= n~winal power output for either carrier.”

Page 16. Modify parsgraph ;.".2, sixth sentence to read: "Any stray radistion
from the standby system shall be at least 50 db below the carrier of the min
system.. ", Delete the last sentence.

Page 16, paragraph 3.5.3. Modify the last sentence to reed: "The lamp in
each fixture shsll be 116 watts, GE #116 A21/TS lamp."

Page 17, paragraph 3.5.4b. After "two of the three channels,"” change to read
"the main and standby transmitters shall shut down. The nominal..."

Page 18, paragraph 3.6.5 d third sentence. Change to read"...shall not exceed
3 percent..." from "...shall not exceed 1 percent...".

Page 20, paragraph 3.7.5 and sub-paragraphs. Delecte.
Substitute:

"3.7.5 Marker beacon station shelter. - The Marker beacon stution, including
batteries, shall be housed in & standard FAA Marker beacon building, per FAA
drawing D-5601-1, -2 and -3, or similar (not to be furnished by the Comtractor),
or if specified, in a suitable shelter which shall be of adequate size to
enclose one set of a dual Marker beacon station, or a localizer far field
monitor, plus adequate roam for one maintenance technician to perform routire
maintenance. The shelter shall provide protection against wind, precipitation,
insects and excessive heat by means of air louvers. The enclosed equipment
shall not require tue shelter to be temperature controlled. A duplex con-
venience outlet shall be provided. Requirements of E.R 3.3.58, ¢, £, § and

k arealso applicable.

Page 21, parsgraph 3.8.2b. JChange to read: "Abnormal indicator. This push
button shall be amber colored and segmented into two sections. The two sectious
(A), and (B) shall illuminate re.jectively for ihe following conditiona accomp-
anied by an audible alarm:

Primary power failure (A)

Datt=cy charger failure (A)

Shelter inside temperature outside acceptable limits (A)
Monitor locally bypassed (see below) (B)

Station off the air (B)

Monitor alarm (see 3.1.26b) (B)

PN TN P
OOy W N
Nt et st v Nt

The button shall..."

Page 22, paragraph 3.8.2¢c. Delete line beginning with "(L)" and the following
line.

Substitute:
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"When abnormsl indicator Section (A) (localizer end/or 08) illuminates, it
shall diseble the Category III Status caly after an adjustable delay from O

to two (2) hours and fifty (50) minutes. When sbmormal indicator Section (B)
(localizer and/or G8) illuminates, it shall not dissble the Category III

status, except, if either or both localizer and G3 monitor is bypassed neither
the Category III nor the Category II status lights shall illumingte. Provisicas
for two additional inputs shall be provided."

Page 22, paragraph 3.8.3. Delete "and dial" in "Pelephoue handset and dial."

Page 23, paragraph 3.9.4. Modify to resd "Commercial type instruction books
shall be furnished. The contents (not necessarily format) shall be equal to
the indepth description as required per FAA-D-638 with the following exceptions.
Type test data per FAA-D-638 paregraph 3.39.%4 are not required. As applicable
special information required under FAA-D-638 parsgraph 3.36.1 and 3.36.3 may

be deleted; information per paragraph 3.36.2 and 3.36.4, if furnished elsevhere
vwith the equipment need not to be included in the book, and information required
per paragraph 3.36.5 and 3.36.6 may be included in the Operation Section at

the Contractor's option. Requirements per FAA-D-638 paragraph 3.45.2.1 are
deleted. Specific step by step fault isolation procedures below the PWB level
for the control unit and the assembly level for the rest. of the equipment are
not required."

b) Paragreph 3.9.5a: Change second sentence as follows: "Each major sub-
system furnished with the first system (localizer, glide slope, localizer
far field monitor and markers) shall be subjected to envirommental chamber
test to demonstrate satisfactory operation under temperature and humidity
extremes specified in 3.1.13.

c) Paragraph 4.0: Change title as follows: “RELIABILITY DEMONSTRATION TEST
PLANS AND PROCEDURE"

d) Paregraph 4.l: Change third sentence as follows: "It is imcumbent on
the contractor to demonstreate his proposed equipment by an analytical and
operational evaluation that the reliability requirements specified within this
work statement are met."

e) Paragraph 4.1: Change slxth sentence as follows: "The purpose of the
operational demonstration is to assure the FAA that the proposed equipment meets
the reliability requirement described below."

) Paragraph L.l: Change twelfth {12) sentence as follows: "The contractor
will be responsible for all failure evaluation prior to tie acceptance of the
equipment by the FAA."

Page 24. Paragraph 4.3.1 Substitute "RADC Notebook VOl I1I" for "MIL-HDBK-2LTA".

¢) Paragraph 4.4.2: Delete entire paragraph.

h) Paragraph 4.4.3: Delete entire paragraph.
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Page 27. Paragreph 4.6.1. Delets the ssutence under b. and substitute tme

following: "A complete description of the plan for demcnstration test plans,
analytic models and reliability amalysis.”

Pigure h. Revise Control/Indicator "Abnormal® indicator to show two segments,
one labeled “AMS P/3" and the other labeled "ABN NON."

Add Table 1 and figures 5,6,7 and 8.

, A=39




gai

YOLINOW_
@ IADNVNILINIVHN @
STI I LVD
qIMod 1S3y

g7Iind.
O NG

NO

. | @.Skn .
@ wvad @ O 6 QO N
O ®Wax O 6 Q) QO zon
S =0 O O ®_. oN

sod d¥VITD HIdIM
L NOW Tvunaing —J
X9AaLs IWIN
IJ0TSTAITOD

AdAaLs

INIAl @ rrive

@ @ @ €°ON

D 6O Ove
SOd

INIJI HLIJIM

. ©
@ HLAIm @ @ @ @ @ 2°ON
.9,

me.m.a?OEAAwﬁOd.HZuL
« WIN [ S c -

VIZINVOO1 ~ -

b IS " ¥ e—

_I.S‘j bt
WHLSAS

MAINTENANCE MONITOR STATUS PANEL

FIGUREE,

A-LO




B S R e I P e e e o L i

V)

amd

_nv *9gVAIO
A“v *LNIQAl.

@ n.uu.au?..
O v

_ A9Als

amd 1S3 L
dNVT a1ng

© @

LLVH

©

o)
mw LNI QI

-~

NJIN — SYOLINON TVEOILNI II_

SNYVIV-J3Ydd dIZI'IVO O

AQvad
WILSAS

e © ©6 ©
© © © o
M%U @ mm.wg mw

FIGURE 6. LOCALIZER STATUS PANEL

A-l1




A L S R L e s e SR e el S e U Ra S SIS A PR i IR SR B S N PR -

T NVYOVIA MD0Id

YOLINON FIONVNILNIVA 11 I Lvo L ITEN0IZ

IHSINY. UNFANITAOD ITAVO VIVA-ILINN

—_— ¥OSsIoOud
_l el e B TVNOISfe—
i TENVd dWVL
_ . quvos IJOISETAITO
| "WYIL
D T
e CRA LS J VOSSAD0Ud
I“ TANVE GV
YIMOL TOYINOD °€°1L
quvos ¥IZITVOOT
_ ‘WYdl
_ WOSSITOUd
e e - — o . TVNOISl
g TUN Ve dAY L
i
ayvod Wad

TINYIL

\2¢)

OLAaNI
TANNVHD
dOLINONW

(6¢€)
SLNdNI
TENNVHD
JOLINOW

(2)
SLNdNI
TANNVHD
JOLINOW




L % A
7TOYLNO

LINDYID JOSSIAD O™ TYNDIS TIVIIdAL "8 JUNDIIL

YOLVYVANOD TVAd
HOILVEVIWOD JATONIS ‘a
NZIIIERY ¥3adne  °a ‘‘n

= T3Ied-pm

. : )
¢ d A
. sn . .
'ALEQQ
’n

s1qed
&

—<JvasiE—

g3

.“
NOILVLS ¥4 ZI'TVDOT

A-43

SLNEN
1°CN TINNVH]
JOLINOH




P i T

1euZis 1e3tdrp waer

L 8¢ é< IVIOL !
. L 4 .
. 1 I . 1 a8w3toA A1933eg
. - - 1 331S AqpueS & uonyedyniuang Agput g
- 13 € Waa ‘mas ‘ay IdueIBITD AGPULIS
- 1 1 waa IPIA 38anoD Aqpuris
- € € Waa ‘nas ‘ay UOIIs0d ¥$IN0D) AGgpuess
. £ "CX
= ¢ - WJaa ‘was ‘au BOIISOF 3$3IN0D N, i
) 2 "oN
- € € nwaa ‘nas ‘ay - UOIIISOg ISINOD V. o\
. " 1°oN
® v € 3 Wdaa ‘nas ‘ay VOISO 28INn0D . {7
- € .n WJada ‘was ‘au € *ON adueaed; ) i
- € € nNaa ‘nas ‘ad . 2 °ON @duea=s: ) .
- € € waa ‘was ‘aa - 1 *ON 2dueawor )
- - 1 UoOTOHIUAPT 33IS = € °ON uon ed1j: ur 3]
“ - ¢ BOIIBDPIIUIPI IS x 2 "ON uoijenyyrius »;
© s | S UOTIeIJIIUIP] NIS % 1 “ON uoniedy;nu«pl
= 1 T waa ) € "ON YIPIm 2€3n0o )
. - I S waga Z "ON UIPLI4) 35JT0 )
- | ¢ 1 waa I "ON YIPIM o8It )
(naa ‘wnas) 2 £ € . waa ‘mas ‘3y £ *ON uonIsog »sinc )
(xaa ‘was) 2 £ € nNaa ‘'nNgs ‘aya Z "ON uoniIsod asanc
naa ‘waqs) 2 € € Waag ‘wmas ‘ay 1 *ON UOIISOJ ASaTo )
Apuenp %«E..dsﬂu »um}.dud asjawmeaeg . ) [2uueyd IOo3rucC |
. -
Na g adoysapiio a0z1RI0T

e .

8uizojuop djouwiay J0j s3IV Ied PIINRIIS [ OIqnl

. -




DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

NATIONAL AVIATION FACILITIE
oATE: &0 JAN 73 EXPERIMENTAL CENTER
: ATLANTIC CITY, NEW JERSEY 08408

IN REPLY
REFER T0:

SUBJECT: NAFEC Category III ILS Tests prior to 1968

FROM: Director, ANA-1

T0: .

':5 The enclosed report covers only those significant facets of the
effort expended during the 1964-1966 period. The purpose of
the effort was to evaluate individually developed components
and to integrate them into a Category Il ILS System. A system
evaluation was not performed because the components in
combination did not provide the minimum required system

performance.
%)MMAND@R;
Enclosure
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LETTER REPORT
CATEGORY I ILS TESTS
DURING THE 1964-1966 PERIOD

This report covers only significant facets of the work performed during

c 1964-66 time period. The purpose of the effort was to evaluate
developed components and eventually evolve a Category III ILS System.
When the components were combined into a system, a minimum system
performance did not result, and an evaluation was not performed.
However, some knowledge was gained and utilized in subsequent
Category III ILS evaluations.

Baclgground:

The equipment delivered to NAFEC was procured during the time when 2
FAA procurement policies precluded systr.n development in the ILS area.
Systems were developed by component and subcomponent specification.
The problem of system interface and component marriage was left to

the installer or, in this case, to the NAFEC evaluators. Although each 1
subcomponent was checked out individually; as a system they failed to
perform.

Basic Component Procurement:

1. The main and standby glide slope transmitters were manufactured
by Hazeltine Corporation.

2, The main and standby localizer transmitters were manufactured
by Airborne Instruments Laboratory.

3, The monitoring equipment was manufactured by the Wilcox Company. i
4, The localizer antennas were manufactured by Scanwell Corporation.

5. No glide slope antennas were provided so the system was improvised

by using the antennas and tower from the low cost ILS development by

International Telephone and Telegraph Corporation.

6. The marker beacons used were also part of the low cost ILS
development by International Telephone and Telegraph Corporation.

System Conditioning:

As mentioned previously, inadequate consideration of a system concept left
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the interfacing and marriage of components into a system to a large
extent to the discretion of NAFEC project personnel. Approximately
a year's time was consumed in debugging individual components,
evaluation and alignment of individual components and finally the
assembly of the components into a quasi system.

The following are examples of debugging and testing:

1. Transmitter Changeover: A design objective was to provide the
capability of completing the transfer from the main to standby trans-
mitter, either localizer or glide slope, within 2 maximum of two
seconds. That objective was never accomplished because of the
inherent recovery time constant of the meter alarm relays located ‘
in the primary monitors. In addition, with a compliment of twelve ;
individual and independent monitors, it was virtually impossible to i
keep these monitors satisified for an acceptable period of operating
time.

2. Remoting Far-Field Indications: A positive gain of the test was
acquiring the knowledge that the localizer performance could be
effectively assessed on a continuing basis by remoting the far-field
monitor indicators to the localizer shelter,

3. Localizer Antenna: The localizer antenna configuration consisted
of two (150" and 105' aperturey v-ring arrays. Specifications called
for radiation from both antennas simultaneously. Testing indicated
a mutual interference between radiation patterns thereby negating the
usefulness of such an arrangement. Subsequent tests were conduct~d
utilizing only the 150' array.

R NI 0 IV o Y

The localizer was never tested as a complete subsystem becaus~ of
the inability of the antenna contractor (Scanwell) to develop a near-
field monitoring configuration.

4. Glide Slope Antenna and Monitor: Because of space limi ations,
the Category III glide slope antenna was located adjacent to .ind
separated by 25' from the commissioned glide slope antenna on
Runway 13. The lack of selectivity in both the commissio.ed and
Category III glide slope monitor detectors required the placing of
resonant cavity traps between the monitor antenna and detector in
both systems.
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The Wilcox glide slope monitor, as delivered, vias not adequate for
clearance measurement. The monitor's maximum range was 30
percent difference in depth of modulation (DDM) whereas the clear-
ance monitoring point was at 35 percent DDM. The NAFEC project
manager modified the unit to extend the DDM range to 50 percent
thus meeting operational requirements.

Instability was evident in some receiver type monitor detectors
supplied by Wilcox which rendered them for all practical purposes
useless.

5. Solid State Reliability: The use of solid state circuitry proved
to b= a weakness in terms of reliability because following severe
electrical storms, numerous instances of transistor outages were
’ noted especially in the monitor circuits. These outages could not
be attributed to direct strikes. '

6. System MTBF: The performance of the Category lII system
showed no evidence that would verify a design goal of 4, 000 hours
MTBF. The results of the tests conducted indicated that performance
tolerances could not be achieved in concert with maintaining stability.

Results Summarizei:_

1. System transfer within a two second maximum could never be
accomplished due to recovery time constants of meter alarm relays
and monitors.

2. As a subsystem the localizer was never completed because of the
Lﬁ lack of near-field monitoring.

3. Instability was evident in some of the receiver-type glide slope
detectors,

4, Solid state circuitry proved to be a system weak point due to its
susceptibility to electrical storms.

5. Minimum system performance and system stability could not be
achieved simultaneously.
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6. Although individual components performed satisfactorily when
combined into a system, the system failed to provide minimum
satisfactory performance. '

The information in this report was transmitted to SRDS orally and in
a series of letters prior to the decision to evaluate STAN 37/38.

i,
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wre: AUS 28 WM NATIONAL AVIATION FACILITIRS
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ATLANTIC CITY, NEW JERSEY 08408

Letter Report on the Installation of the Category II to II ILS
Upgrade Kit PAA 07-319, Subprogram 072-321-000

Director, ANA-1

ARD-1

The purpose of this activity was to conduct an evaluation of (1) the
installation of a Category II to Category III ILS Upgrade Kit by
Contractor personnel from Texas Instruments, Inc,, and (2) to
determine the adequacy of the Contractor-written installation
Handbook, The equipment upgraded was the AN/GRN=27 (V)
Instrument Landing System serving RWY=31 at NAFEC, The
equipment upgrade kits were provided under Contract No, DOT=-
FAT3WA-3289 and the technical manpower at NAFEC was provided
by Contract No, DOT-FAT4NA-1072 (6/28/74). The work was
performed in three phases - namely, mechanical installation,
electrical and electronic checkout, and flight tests,

GENERAL

Four ILS technical personnel from Texas Instruments (T.l.) arrived
at NAFEC on May 1. A briefing was held on May 2 and the work
started on May 3, A fifth member from T,l. joined the first four
on May 20 after most of the mechanical work and most of the
electrical/electronic checkout had been completed,

MECHANICAL WORK

Primarily, two team members worked on glideslope facility
modifications and the other two team members worked on localizer
facility modifications, The instructions used were in the Texas
Instruments Handbook, No, HB104-EG73, dated April 15, 1974,
titled ""Category II to Category III ILS Upgrade Kit Installation
Instructions for AN/GRN=27 (V) Instrument Landing System, "
Major work areas were as follows:

I. Glide Sloge

A, Shelter modifications

B, Transmitter group modifications

C. Monitor, misalignment detector, and near=field
monitor antenna modifications

C~1




II. Localizer

A, Shelter modifications

B. Transmitter group modifications

C. Antenna interface equipment installation
D. Far~field monitor modifications

III. Marker Beacon

Change complete cabinet

IV, General

A, Remote control indicator status display system
modifications

B. System interconnect, cabling; and telephone
wiring modifications

All of the above items were completed between May 2 and May 25, 1974,
except the Marker Beacon modification which was completed in June.
The total mandays expended to complete the mechanical work for the
localizer and the Far-Field Monitor (FFM) was 23,5 mandays; the
glideslope work required 18,5 mandays, In addition, the Remote
Control Indicator and Monitor Panel Assembly and System Interconnect,
etc.,, required 5 mandays to complete, The Contractor personnel
meticulously followed the Handbook instructions, and corrected the
errors and sequences of the instructional procedures as work
progressed, A corrected copy (longhand notation) of this handbook is
available at NAFEC for review, No major problems were encountered
during the mechanical work phase or the subsequent electrical/
electronic checkout phase, It is noted that the monitor units from the
localizer were utilized in the glide-slope equipment as a cost-saving
measure, The monitor logic used in the upgraded glideslope is the
same as the ""OR'" logic used in current Category II systems, except
that two out of three instead of two out of two monitors must alarm

for a system changeover, Glidesiope operation over a two-month
period has shown that the different logic did not have an adverse

effect on the system operational availability., Items requiring changes
in future kits iaclude: (1) better fitting doors on the localizer heated
detector boxes, (2) protective covers over battery=box vent fans, and
(3) larger cable ducts inside the shelters.,

C-2
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ELECTRICAL/ELECTRONIC CHECKOUT

This phase of the upg:-ade work included the turn-on procedures,
equipment alignment, and system checkout for the stations, and
performing necessary croubleshooting/repair to make the Upgraded
ILS ready for the Flight Test phase. The glideslope facility checkout
was completed.on May 17, 1974, and the Localizer/FFM facility
checkout was completed on May 22, 1974, Again, as in the mechanical
work phase, the technical personnel followed and corrected the
Handbook procedures, The installation personnel displayed excellent
working skill and familiarity with the equipment, and can be considered
as having the most expertise of anyone at Texas Instruments. The
electrical/electronic checkout for the localizer facility required 11.5
mandays, the glideslope facility required 9 mandays, and the

Remote Control Indicator and Monitor Panel Assembly Change-out
required 1.5 mandays - the flight-test phase required 7.5 mandays

of contractor personnel assistance. An additional 5.5 mandays of
checkout and repair were required after flight testing ended on

May 24, 1974, to correct discrepancies/failures, which did not affect
the flight test results, Two weeks after the NAFECG flight tests, a
serious wiring deficiency was discovered on the glideslope '"mother-
board!! The etch carrying DC voltage for the monitor detectors burned
through requiring the addition of larger wire, with appropriate fusing,
to restore operation., Any future kits should have a different supply
arrangement (with fusing) for the DC voltage buss supplying the
monitor detectors.

FLIGHTS TESTS

NAFEC flight tests were performed during the week of May 20, 1974,
with a DC-6 (N-114) aircraft for preliminary system alignment and
performance checks, The Eastern Region performed standard flight
inspection certification tests from May 28 to June 7, 1974. Glide-
slope and localizer alignment required a total of 16 flight hours with
the NAFEC aircraft. Due to time limitations complete performance
data were not collected with the NAFEC aircraft - only minimal data
were obtained to insure satisfactory performance to Category III
tolerances, Final system alignment using Category IIl alarm limit
tolerances was performed during the Eastern Region flight inspection
test= without serious problems or major discrepancies,

The ILS was restored to operational commissioned status on June 9,
1974. All of the NAFEC-obtained data are available at NAFEC for
review, No further testing is planned since it is in a commiss¢ioned
status.
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CONCLUSIONS

Based on our observations during the Upgrade work, it is concluded
that:

1. A satisfactory and efficient way to implement the installation
of an upgrade kit is by means of an installation contract employing
knowledgeable and experienced personnel.

2. The implementation of the upgrade kit as furnished and
installed is considered an acceptable technique for upgrading an
existing GRN 27 (V) type Category II ILS to Category III.

3. The upgraded glideslope monitor logic differs from the
MARK III ILS glideslope monitor logic but is not expected to have
a relatively appreciable adverse effect on the system operational
availability.

4. A minimur of one week of trouble-free operation after
completion of flight checks would be desirable to demonstrate the
acceptability of an installation.

5. The Installation Handbuokx, as furnished with the upgrade
kit and corrected, provides adequate installation instructions and is

satisfactory.
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