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1.0 INTRODUCTION

Pailen-Johnson Associates, Inc. has performed a detailed reliability analysis
of the Type AN/GRN=-27(V) Instrument Landing System (ILS) or Type Il ILS manu-
factured by Texas Instruments, Inc. This system is commonly designated the
GRN-27, which will also be used in this report. The system transmits signals
which provide landing guidance for approaching aircraft. The reliabitity
analysis was performed to determine the probability of radiation of a hazard-
ous signal and the probability of a system shutdown during the critical final
stages of a landing. Also, a number of system modifications which could be

implemented to improve reliability were evaluated.

The objective of the study was to establish whether the GRN-27 ILS could satis-
fy the reliability guidelines expected to be established by the International
Civil Aviation Organization (ICAO) for an !LS which is to be used during |imited
visibility conditions (Category I111). Those guidelines specify that the prob-
ability of hazardous radiation due to equipment failure should be less than

0.5 X 10_9 for the localizer or the glideslope during any landing sequence and
the probability of localizer or glideslope shutdown should be less than

2.0 X 10_6 during the critical final stages of a landing sequence. Although
these guidelines are not strict requirements, it is likely that the United

States and most other ICAO member nations wil!l attempt to meet them.

The reliability analysis was based upon a study of another system, designated
the Mark |11 ILS, which was built using many of the same sub-assemblies con-
tained in the GRN-27 but also incorporates more extensive monitoring and
higher levels of redundancy. Texas Instruments manufactured the Mark !1l Sys-
tem and performed the reliability study of the system. The analysis consisted
of identifying all the failure modes of each subassembly in the ILS and com-
puting the rate of failure for each mode. The subassembly failure modes were
then considered alone and in combination to determine how the system as a
whole could fail. For each such system failure mode, the probability of fail-
ure was computed. Finally, the probability of hazardous radiation and of a
system shutdown were computed. As currently operated, the computed probability

of an undetected hazardous radiation occuring befween system checks is
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8.75 X 10-8 for the localizer and approximately 8.7 X 10-8 for all versions of
the glideslope. The probability of a system shutdown is 1.81 X 10—7 for the
localizer (during a 30 second critical period), and approximately 6.25 X 10_8

for all versions of the glideslope (for a 15 second period).

Since the GRN-27 |LS as currently operated does not meet the hazardous radiation
guidelines specified above, various changes in the system and/or operating
system have been considered to improve its reliability. A previous effort by
Texas Instruments to produce an ILS suitable for all weather landings resulted
in the Mark 111 LS. Only a few of the Mark |1l systems were produced. Al-
though they satisfy the [CAO reliability guidelines, it would be prohibitively

expensive to modify the GRN-27 units to be the same as the Mark Il systems.

Of all the alternatives considered to improve the reliability of the GRN-27,
one appears to be the most cost-effective. That alternative consists of more
frequent tests for hidden faitures. The fests can be performed by introducing
a simulated fault into the monitoring system and determining whether the system
transfers to the standby transmitter. Such a fault could be introduced using
relays which have been built into the monitor channels for that purpose. How-
ever, if it would be desirable to activate these relays from the contro! tower,
conductors would have to be laid from the ILS equipment shelter to the tower

if none are available. The check would have to be performed approximately once

a day to achieve the level of reliability specified by the ICAO guidelines.

An effort was made to correlate actual field experience with the theoretical
failure calculations. To this end the facility maintenance logs from sixty-
nine GRN-27 facilities for the calendar year 1981 were analyzed and the un-
scheduled outages recorded were compared with the theoretical calculations.
The field experience was consistent with the theoretical results. Also, the
recorded outages revealed problem areas in the ILS equipment. Peak detector
failures, in particular, accounted for a relatively large number of outages.
Improvements in the transmitter and removal of the localizer misalignment

detectors could also eliminate some outages.
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2.0 LS RELIABILITY REQUIREMENTS

Standards and Recommended Practices (SARP's), and guidance material have been

developed by the ICAO for navigation aids, including ILS. For the purpose of

describing reliability criteria and relating them to different levels of per-

formance, the following LS facility performance categories are defined

(Reference 1):

Cateqgory

Category

Category 111

I

Provides guidance information from the coverage limit
of fthe ILS to the point at which the localizer course
line intersects the glide path at a height of 200 feet
or less above the horizontal plane containing the

threshold.

Provides guidance information from the coverage limit
of the ILS to the point at which the localizer course
line intersects the glide path at a height of 50 feet
or less above the horizontal plane containing the

threshold.

With the aid of ancil!lary equipment where necessary,
provides guidance information from the coverage limit

of the facility to, and along, the surface of the runway.

Each 1LS Facility Performance Category has operational objectives as follows

(Reference 1, Attachment C):

Category

Category

J

[

Operation down to 200 feet decision height with a runway
visual range of not less than a value of the order of

2600 feet with a high probability of approach success.

Operation down to 100 feet decision height and with a
runway visua! range of not less than a value of the order

of 1200 feet with a high probability of approach success.
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Category !I11A - Operation with no decision height limitation to and along
the surface of the runway with external visual reference
during the final phase of landing and with a runway visual

range of not less than a value of the order of 700 feet.

Category I1IB - Operation with no decision height [imitation to and along
the surface of the runway without reliance on external
visual reference; and, subsequently, taxiing with external
visual reference in a visibility corresponding to a run-
way visual range of not less than a value of the order of

150 feet.

Category IIIC - Operation with no decision height limitation to and along
the surface of the runway and tTaxiways without reliance on

external visual reference.
These operational objectives are intended for ''guidance and clarification” only
and are not part of the [CAO SARP's. However, these objectives are widely

accepted as standards for LS operation.

Reliability objectives are also specified in Reference 1, Attachment C. The

objectives consist, in part, of the following:

Category Il and |11

e "...it is of upmost importance that the integrity and continuity

of services of the ground equipment is very high."

® The monitors should be designed to ensure fail safe operation.



Category 111

e '"Reliability of ground equipment must be very high, so as to
ensure that safety during the critical phase of approach and
landing is not impaired by a ground equipment failure when the
aircraft is at such a height or attitude that it is unable tfo

take corrective action".

e "One analysis has shown that the continuity of service of an ILS
installation used for Category I|!IlA operation should be such
that the localizer facility and the giide path facility each

have a MTBF of 4000 hours or more."

Additional reliability objectives specified in reference are also expressed

in general terms.

'n an effort to establish more specific reliability objectives for ILS equip-
ment, the All Weather Operations Panel (AWOP) of the ICAO proposed a set of
reliability levels in December of 1982. The levels are specified, in part, in
terms of the probability of hazardous radiation during any one landing (signal
integrity), the probability of a system shutdown during the critical tanding
Time interval (signal continuity), and mean time between operational outages
(MTBO). Table Z2-~1 shows the proposed requirements for each reliability level

of the localizer or glide path.

Table 2-1
PROPOSED RELIABILITY LEVELS

Proposed Probability of Probability of a
Level Hazardous Radiation Shutdown During
Designation in any One Landing Indicated Interval MTBO (hours)
Level 1 Not Defined Not Defined Not Defined
Level 2 1.0 x 1078 4.0 X 10°° (15 sec) 1000
Level 3 0.5 x 1077 2.0 X 107% (15 sec) 2000
Level 4 0.5 X 1077 2.0 X 107% (loc-30 sec) 4000 (loc)

(gp =15 sec) 2000 (gp)
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These reliability levels are likely to be accepted as general guidelines for

Operational Performance Usage with Level 1 applying to Category I, Level 2 to
Category 11, Level 3 to Category lI1A, Level 4 to Category [IIB and 1!IC. The
proposed set of levels has not yet been accepted by ICAO. However, acceptance

is expected with few, if any changes.

The following new tentative guidance material, essentially as proposed by AWOP
partially describes the conditions as understood to be applicable to the numbers

proposed in Table 2-1.

e An integrity failure can occur if radiation of a signal is either un-
recognized by the monitoring equipment or the control circuits fail
to remove the faulty signal. Such a failure might constitute a hazard

if it results in a gross error.

e Clearly, not all integrity failures are hazardous in all phases of the
approach. For example, during the final critical stages of the approach,
undetected failures producing gross errors in course width or course
line shifts are of special significance, whereas an undetected change
in modulation depth, or loss of locatizer and glideslope clearance,
and localizer identification would not necessarily produce a hazardous
situation. The criterion in assessing which failure mocdes are relevant
must however include all those fault conditions which are not unquestion-
ably obvious but are deleterious to the automatic flight system or the

pilot.

® With regard to integrity, since the probability of occurrence of an un-
safe failure within the monitoring or control equipment is extremely
remote, to establish the required integrity level with a high degree of
confidence would necessitate an evaluation period many times that needed
Yo establish the equipment MTBF. Such a protracted period is unaccept-
able and therefore the required integrity level can only be predicted

by rigorous design analysis of the equipment.



The MTBF of equipment is governed by basic construction and operating
environment. Equipment design should employ the most suitable engin-
eering techniques, materials and components, and rigorous inspection
should be applied during manufacture. It 1s essential to ensure that
equipment is operated within the environmental conditions specified

by the manufacturer. The manufacturer should be requested to provide
the details of the design to enable the MTBF and continuity of service
to be calculated. It is recommended that the equipment MTBF should be
confirmed by evaluation in an operational environment to ftake account
of the impact of operational factors, i.e., airport environment, in-
clement weather conditions, power availability, guality and frequency
of maintenance, etc. For integrity and continuity of service levels
2, 3 or 4, the evaluation period should be sufficient to determine

achievement of the required level with a high degree of confidence.

Continuity of service performance may be demonstrated by means of

MTBO (Mean Time Between Outages) where an outage is defined as any un-
anticipated cessation of signal-in-space. It is calculated by dividing
the fotal facility up-time by the number of operational failures. MTRBF
and MTBO are not always equivalent, as not all equipment failures will
necessarily result in an outage, eg., an event such as a failure of a
transmitter resulting in the immediate transfer to a standby trans-
mitter. The minimum MTBO values expected for the continuity of service
have been derived from several years of operational experience of many
systems. To determine whether the performance record of an individual
LS system justifies its assignment to level 2, 3 or 4 requires a

judicious consideration of such factors as:

1)  the performance record and experience of system use established

over a suitable period of time;
2) the average achieved MTBO established for this type of ILS; and
3) +the trend of failure rates

An assigned designation should not be subject to frequent change.
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The GRN-27 1LS was manufactured by Texas Instruments to U.S. Department of
Defense specifications, and has been used mainly for Category !l Operations.

A few Mark IIl ILS units were also manufactured by Texas Instruments. Those
units utilize many of the same subassemblies as the GRN-27 but incorporate

more extensive monitoring and higher levels of redundancy. The TI| Mark [l LS
was built to U.S. Federal Aviation Administration (FAA) specifications at a
time when ICAO reliability guidelines were general in nature and long before

the minimums shown in Table 2-1 were proposed.

With 1ittle ICAO guidance, the FAA set reliability requirements on the Tl
Mark 111 System with the goal that the use of the ILS would be as safe as a
person can predictably expect to be in day-to-day activities (Reference 2).
Those requirements were as follows: The theoretical probability of a poten-
tially hazardous signal fault, including loss of signal, during any 10-second
period for the localizer and any 5-second period for the glide slope, should

not exceed 1.0 X 10—7 due to equipment failure. The resultfs of a failure

modes, effects and criticality analysis of the Tl Mark 111 ILS show that the
system meets the FAA reliability requirements (Reference 3). As will be shown

in Section 5, the Tl Mark 1! ILS also meets the standards set for all categories
in Table 2-1.

There is currently a requirement to qualify many of the U.S. GRN-27 [LS in-

stallations for Category |1 operational status. As will be shown in Section
5, as currently operated, the GRN-27 ILS will not meet the Category Il re-
liability limits in Table 2-1. Assuming that the standards set in Table 2-1
are adopted, the GRN-27 will either have fto be replaced or modified to meet

these standards.
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3.0 SYSTEM DESCRIPTION

The GRN-27 ILS consists of a localizer station which provides horizontal guid-
ance, a glideslope station which provides vertical guidance, and a remote
control unit which displays the system status and provides remote controf of
the system. An ILS installation may also include distance measuring equip~

ment (DME) and up to three marker beacons; however, DME and marker beacons are

not included in this analysis, and, therefore, will not be described.
3.1 LOCALIZER
3.1.1 LOCALIZER SIGNAL DESCRIPTION

Each localizer is operated at a station frequency which is selected from the
range of 108.1 to 111.95 MHz. The localizer station radiates signals at two
slightly different frequencies. A course signal, with a carrier frequency
4.75 KHz above the assigned station frequency is radiated in a relatively
narrow beam pattern. The course signal provides guidance on or near the
approach centerline., A clearance signal, with a carrier frequency 4.75 KHz
below the assigned station frequency is radiated at lower power over a larger
sector. This clearance signal provides guidance to the narrow sector centered
on the course centerline where the course signal can be acquired. The ccurse

and clearance beam patterns are depicted in Figure 3-1.

A single detector in an aircraft detects both the course and clearance signals,
responding only to the stronger course signal near the centerline, and res-
ponding only to the clearance signal some distance from the centerline. This
type of operation is called a two frequency capture-effect system. Both course
and clearance signals contain 90 and 150 Hz modulation components combined in
the equipment and in the field to produce a predominance of 90 Hz modulation

to the left of the runway centerline and a predominance of 150 Hz modulation

to the right of the centerline (as viewed from the approach end of the runway).

On the centerline the 90 and 150 Hz modulation components are equal in strength.
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The localizer course and clearance signals are formed using the same ftechnique.
The carrier is modulated by 90 and 150 Hz tones, producing a signal with the
following frequency components: C, C+90, C-90, C+150, C-150; where C is the
carrier frequency. A signal with all five frequency components, referred to
as carrier plus sidebands or C+SB, is radiated in a beam with maximum signal
strength on the course centerline, as depicted in Figure 3-1. Another signal
is formed without the carrier frequency, referred to as sidebands only or SBO,
and is radiated in a double beam pattern with a null on the centerline, also

depicted in Figure 3-1,

In the SBO signal, each frequency component in one of the two beams is 180°
out of phase with the same frequency components in the other beam. Further,
the signals fed to the antenna elements are adjusted such that C+90 and C~90
signals in the left SBO beam are in phase with those signals in the C+SB,
while the C+150 and C-150 signals in the left SBO beam are 180° out of
phase with those signals in the C+SB. Therefore, the 90 Hz sidebands in the
C+SB and SBO on the left combine to produce a weaker signal. Similarly, on
the right the 150 Hz sidebands combine to produce a stronger signal than the

combined 90 Hz sidebands.

The differences between the 90 and 150 Hz modulation components is positive
on one side of the centerline, negative on the other side and increases in
magnitude with angular displacement from the centerline. The difference is
therefore used in aircraft to provide angular guidance. Specifically, air-
borne equipment computes the difference between the two modulation components
divided by the carrier signal level. This computed quantity, called the
difference in depth of modulation (DDM), is displayed showing the angular
position of the aircraft with respect to the centerline. The airborne equip-
ment also computes the sum of the two modulation components divided by the
carrier signal level, called the sum of depth of modulation (SDM). This is
computed to ensure that the total modulation of the radiated signal is ade-
quate, and, if it is not, an indicator is displayed prohibiting use of the
signal for guidance. The RF power level is similarly monitored to ensure

adequate signal strengths.



An identification unit, which provides the pilot with identification of the
localizer, generates a 1020 Hz Morse Code identification signal which modulates

both the course and clearance carriers.

3.1.2 LOCALIZER FUNCTIONAL DESCRIPTION

As indicated in Figure 3-1, the localizer contains two identical transmitter
systems, either of which can be designated as "main" while the other is "stand-
by". Both transmitters are connected to the changeover and ftest assembly which
channels signals from the operating ftransmitter to the antennas via the dis-
tribution circuits. During ordinary operations, the main transmitter provides

the radiated signal while the standby transmitter is off.

The radiated signal is monitored by integral monitors and a far field monitor-
ing system. [Integral monitoring is accomplished by sampling the signal in each
of the antenna radiating elements. These signals are fransferred fo the re-
combining circuits where the signals from all the elements are combined as they
would be combined in space. The combination circuits provide two output sig-
nals, one which would appear on the centerline, and another which would appear
at a small angular displacement from the centerline. This procedure is applied
to both the course and clearance antennas producing four signals to be processed:
course (on course), course (sensitivity}, clearance (on course), and clearance

(sensitivity).

Each of the recombined signals is sent to a peak detector which provides input
to a pair of monitor channels. Two monitor channels are used for each signal
to enhance the system relijability. All monitor channels compute DDM, SDM, and
RF power level of the input signal and then check these values against speci-
fied tolerances for the signal being processed. |f any of the computed par-

ameters is out-of-tolerance, an alarm signal is sent to the control unit.
The far field monitoring (FFM) system is located on the extended runway center-

line, typically between 3,000 and 4,000 feet from the approach end of the run-

way. |1 consists of an antenna and circuitry to detect and relay an alarm
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condition. The signal detected by the antenna is divided and sent to two re-
ceivers, each of which provide output to a monitor channel. Each monitor
channel computes the DDM, SDM and RF levels and checks these levels against
tolerance limits, as in the integral monitor system. An out-of-tolerance
condition must persist for a predetermined delay period of 70 to 120 seconds
before the FFM sends an alarm signal to the system central unit. The process-
ing of the monitor channel outputs as well as the time delay circuitry is in

the FFM combining circuits.

Although the FFM is designed to monitor DDM, SDM and RF, as currently operated
only an out-of-tolerance DDM can cause a true alarm condition. The tolerance
limits for the SDM test circuitry have been set so wide as to render the SDM
monitoring ineffective. Further, one of the two FFM monitor channels is ad-
justed to accept a wide variation in RF levels. Therefore, the transmission
of a signal with incorrect power level will result in a monitor mismatch from

the FFM and not an alarm condition.

The system control unit processes the output from all integral monitoring
system channels as wel! as the output of the FFM and a temperature alarm. If
both monitor channels which process the same signal produce an alarm, a ftrans-
fer is effected from the main to the standby transmitter. [|f the system is
operating with the standby transmitter when the alarms are received, the system
is shut down. [f an alarm condition is received from the FFM, the system is
shut down independent of which transmitter is operating. A temperature alarm
also causes a system shut down, although it is possible to configure the
control unit such that a temperature alarm only results in an "abnormal' in-
dication. An alarm from one monitor channe! within a pair results in a "mon-

itor mismatch™ condition, with no direct effect on the system operation.

3.2 GLIDESLOPE

3.2.1 GLIDESLOPE SYSTEM VARIATIONS

All glideslope systems provide vertical guidance by producing signals with a
predominance of a 90 Hz modulation component above the descent path, and a
3-5



predominance of a 150 Hz component below. The straight line descent path is
formed where the modulation components are equal in strength. Aircraft systems
compute DDM fto determine the aircraft elevation with respect to the descent
path. The glideslope signal processing performed in an aircraft is essentially

the same as the corresponding localizer signal processing.

The GRN-27 glideslope is manufactured in two versions, one frequency and two
frequency. The one frequency version is so designated because only a course
signal is radiated while course and clearance signals are both radiated in the
two frequency system. The one frequency system can be configured to generate
one of two course radiation patterns, and depending on the pattern selected,
the instatlation is designated as a "null reference'" or "sideband reference"
system. The selection of glideslope system or configuration to be used at any
given site is generally based on the degree of irregutarity of the ferrain in

the aircraft approach area.

The block diagram and radiation patterns for the one frequency glideslope are
shown in Figure 3-2. The null reference vertical radiation pattern is essen-
tially the same as the localizer horizontal pattern. The C+SB signa! has a
maximum signal strength on the descent path while the SBO signal has a null on
the path. The relative phasing of the signals fis adjusted to produce a pre-
dominance of the 90 Hz modulation component above the descent path, and a pre-
dominance of the 150 Hz component below the descent path. The one frequency
sideband reference system produces less low angle radiation to reduce inter-
ference caused by reflected radiation from low angle obstacles. [In this system,
the C+SB beam is broader and shifted up with respect to the null reference C&SB
beam. This is accomplished by reducing the height of the lower antenna. Also,
the SBO beam pattern of both configurations has a null on the descent path,
although the fower SBO beam in the sideband reference system has its angle of
maximum signal shifted up and has lower power than the corresponding null refer-
ence beam. This is accomplished by introducing an SBO signal to the lower an-
tenna which is out of phase with the signal to the upper antenna, and by re-

ducing the height of the upper antenna as well as the lower antenna.

The two frequency glideslope block diagram and radiation pattern in shown in
Figure 3-3. This system differs from the one frequency system in that a clear-

ance signal is radiated and three antennas are used. By using the middle and
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lower antennas for the C&SB signal, the C&SB beam is made narrower with a max-
imum above the descent path. All three antennas are used for the SBO signal,

making the lower SBO beam narrower and shifted further up than in the sideband
reference system. Because of this reduction in course radiation at the lower

angle, a clearance signal is radiated to provide fly up guidance below the

course signal.

3.2.2 GLIDESLOPE FUNCTIONAL DESCRIPTION

Both glidesliope systems are similar to the locallzer in the use of a main and
a standby transmitter, changeover and test panel, integral monitoring, re-
combination circuits, redundant monitor channels and a control unit. The
glideslope systems utilize a near field monitor, however, as opposed to the
far field monitor used with the localizer. A near field monitor alarm is de-
layed by two seconds before the glidesliope is shut down. Other monitoring is
essentially the same for the glideslope as for the localizer. The transfer
and shutdown operation of the control unit is also essentially the same as

that of the localizer control unit.

The one frequency glideslope ftransmitter systems do not include clearance
transmitters, obviating the need for clearance monitoring equipment. In the
null reference configuration, the SBO signal is channelled through the change-
over and test panel to the upper antenna, while the C+SB signal is channelled
to the lower antenna. In the sideband reference configuration, the distrib-
ution circuits are used to direct SBO to the upper antenna and SBO as well as
C+SB to the lower antenna. The magnitude and phases of the SBO signals to the
upper and lower antenna are set so that on the descent path the ftwo signals

cancel, producing an SBO null in the radiation pattern.

The ftwo frequency glideslope transmitter system contains a clearance trans-
mitter. All signals from the transmitter are sent to the antenna via the dis-
tribution circuits. In the distribution circuits phases and amplitudes are
adjusted, after which signals are combined and sent to each antenna. The SBO
signal from the middle antenna is zero on the descent path while the SBO sig-
nals from the upper and lower antenna cancel on the descent path, resulting

in a total SBO null on the descent path.
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3.3 REMOTE CONTROL/MONITOR PANEL

The remote control/monitor panel receives and displays status information
from the focalizer and glideslope and allows remote control of transmitter
selection. A separate control-indicator module is used for each localizer
and each glideslope system installed. Each control-indicator module has the

following four indicator lamps:

Main - indicates that the main transmitter is operating
Standby - indicates that the standby fransmitter is operating
Of f - indicates system is off

Abnormal - indicates abnormal condition, for example, monitor

mismatch.

In addition to the indicator lamps, there are the following two switches on

the control-indicator module:

Cycle - momemtary contact switch which causes the ftransmitters
to cycle one step in a main-off-standby-of f-main-etc.

sequence each time the cycle switch is actuated.

Silence - silences an alarm buzzer which sounds when an abnormal

condition or intercom call is initiated.



4.0 FAILURE ANALYSIS

4.1 SPECIFIC OBJECTIVES

This analysis provides the calculation of three types of failures of the ra-

diated LS signal:

1. Faulty Signal - a radiated signal which is out-of-folerance with
respect to one or more of its monitored parameters, except for the

identification component.

2. Hazardous Signal - a signal which is out-of-tolerance with respect
to on-course DDM and/or sensitivity, thus resulting in a potentially

hazardous situation.

3. Total loss of signal, or shutdown of the localizer and/or glideslope

station(s).

In the computation of a faulty signal, it would be desirable to compute the
probabi lity that any given parameter will exceed the folerance limits set
within the monitor channels for that parameter. However, it is virtually im-
possible to compute such a probability since it would be necessary to know the
probability of every failure mode or degree of failure for each electronic
component in the system. Such dafta is not available. Further, even if the
data were available, the consideraftion of all piecepart failure modes would
be far beyond the scope of this effort. Therefore, it has been assumed that
any piece-part failure or combination of failures which could significantly
degrade the radiated signal would, upon failure, produce an out-of-folerance
condition. The results presented in Reference 3 on the Mark [l System imply

that the same fundamental procedure was used in that study.

The basic ILS signal parameters which are monitored fo ensure signal integrity

are the following:



o on-course DDM

o on-course SDM

o on-course RF power

o course width (sensitivity)

c clearance DOM (localizer and two frequency glideslope only)

A signal for which any one of these parameters exceeds its tolerance is con-
sidered faulty. However, only signals with an incorrect on course DDM and/or
course width would create a potentially hazardous situation. An incorrect
on-course DDM could be the result of a shift of the centerline or the complete
loss of the centerline. An incorrect course width wou!d be the result of a
signal producing zero, or very small, DDM everywhere. These failures must be

considered hazardous.

The guidance provided by an ILS is not very sensitive to moderate changes in
on-course SDM. In addition, the width monitor will indirect!y monitor and
prevent excessive SDM changes. Also, if the SDM leve!l falls below an accept-
able minimum, a flag appears in airborne ILS receivers indicating that the
signal should not be used. Similarly, airborne receivers monitor RF power
level, displaying a flag when the signal is not usable. Therefore, these par-
ameters are not considered critical. With regard to the clearance signal, it
is assumed that the critical portion of the landing sequence occurs in the
final stages before touchdown during which the aircraft would be within the
course signal. It is therefore assumed that a faulty clearance signal is not

hazardous.

4.2 GENERAL APPROACH

All failure calculations were first performed for the GRN-27 as it is currently
configured and operated. A number of possTbIe changes in critical operating
procedures and equipment were then considered to determine the most cost-

effective method of improving the system reliability.

The reliability analysis in this study is based on the procedure used in the
Mark |1} FMECA (Reference 3), modified to reflect the difference between the
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Mark |11 and GRN-27 equipment and operating procedure. Briefly, all possible
subsystem failure modes having a direct effect on the system operational status
are determined from a functional block diagram of the system. The failure rate
for each failure mode is then computed from the total failure rate of all piece-
part components contributing to that mode within the specific subsystem. The
various system fallure probabilities are computed using equations which reflect
the combinations and sequences of events which must occur to generate the
corresponding failure effects. All events and combinations of events which con-
tribute significantly to the radiation of a faulty signal or station shutdown
are included in the equations. Many failure modes involving multiple indepen-
dent failures were not included in the computation since their probability of

occurrence could be estimated to be negligible.

fn this study, the failure modes and rates given in Reference 3 were used un-
less differences between the GRN-27 and Mark |I1 systems necessitated modifi-
cations, or unless an oversight or need for refinement of procedures was dis-
covered in the Mark Il study. The significant changes made are explained in

the following section.

In the Mark |11 study, part failure rates were derived using RADC Reliability

Notebook, Volume || (Reference 5). For the subassemblies with failure rates

requiring revision for this study, failure modes were determined and failure
rates calculated following the methodology of the Mark 1l FMECA. Part failure
rates were derived using MIL-HDBK-217C, Military Standardization Handbook,

Reliability Predictions of Electronic Equipment (Reference 4). Assumptions

made for the part failure rate analysis are the same as those used in the

Mark |11 study:

1. Equipment ambient temperature is 25° ¢.

2. Environment is "ground fixed"



4.3 MODIFICATIONS OF THE FAILURE ANALYSIS MADE FOR THIS STUDY

4.3.1 RECOMPUTED FAILURE RATES

The only subassemblies for which component failure rates had to be completely
redone due to differences between the GRN-27 and Mark |1} systems were the
contro! unit and the far field monitor combining circuits. These subsystems

are completely different for the two types of equipment, requiring recalcu-
lation of failure rates and reassessment and redefinition of failure modes, 1o
reflect structural differences. Also, combination of DDM, SDM and RF alarms

from a single monitor channel is done in the control unit in the Mark [l system,
but is done in the monitors in the GRN-27. The monitor failure rates have been
revised to include the failure rate for the logic circuitry which does this

combining.

As wil!l be discussed in Section 5, the course width failure rate is the single
determining factor in the hazardous signal probability. Therefore, it was

analyzed in detail and recomputed completely.

The analysis revealed that only a faulty SBO signal could affect the course
width while leaving the on-course signal unperturbed. This is the result of
the fact that the SBO signal has zero amplitude on course for all systems (see
Section 3). Therefore, any fault which could alter the SBO signal before it

is mixed with the C&SB signal could affect the course width. Such faults could
occur in the modulator and changeover and test circuits in all systems, and in
the distribution circuits of the localizer. The failure rates for failures re-
sulting in a faulty signal were computed aﬁd used fo compute the probability of

a faulty course width.

This, in effect, is a refinement of the procedure in the Mark ||l FMECA, where
the failure rate given for transmission of a faulty course width includes
failures that would affect the on-course signal, and would, therefore, be de-

tected by monitors other than the course width monitors.



4.3.2 REFORMULATED PROBABILITY EQUATIONS

The differences befween the Mark |1l and GRN-~27 systems which contribute most
to the difference in relijability are the levels of redundancy in the monitor-
ing and control systems. The probability equations for the Mark |1l system in

Reference 3 were reformulated to reflect these differences, as itemized below:

1. There is no redundancy in the GRN~27 control unit. This is the single
most important difference in the reliability between the GRN-27 and
the Mark |11 system. Squared fterms in the equations for the Mark 11|
system are replaced throughout by linear terms, with a corresponding

large increase in failure probability.

2. The GRN-27 has two monitor channels for each monitored parameter versus
three in the Mark i} system. The integral monitor factor in the
probability equations is no longer squared, but becomes linear, only if

fandings are allowed with a monitor mismatch condition.

3. The GRN-27 has only one peak detector for each pair of integral monitor
channels, whereas each monitor channel has a corresponding peak detec-
tor in the Mark 11!l system. This difference is only criftical with
respect to shutdown probabilities, since the probability that a peak
detector will fail in such a way as to simulate a signal that is in

tolerance with respect to all parameters is negligible.

4. In the Mark |11 system, the standby transmitter is on, with its signal
monitored and fed into dummy loads. The standby fransmitter is off in
the GRN-27, and therefore cannot be monitored. This increases the
probability of hidden failure in the standby transmitter by removing
the factors representing the standby monitoring from the Mark |/}

equations.

5. The far field monitor has three monitor channels in the Mark [l system,
versus Two in the GRN-27. The equations were revised to reflect this.
This difference is not highly critical to the total probability of a
faulty or hazardous signal, since far field monitoring appears in the
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10.

equations as an additional redundancy fto the integral monitoring,
making the term in which it occurs, the course DDM term, much smal ler
than the terms representing parameters not monitored by the far field

montior.

The GRN-27 has no near field monitoring of the localizer signal. The
equations were revised to reflect this, but for reasons similar fo
those discussed above for the far field monitor, this has no great

effect on the total probability.

. The glideslope antenna tower misalignment detector alarm does not cause

a shutdown in the GRN-27, but only causes the "abnormal" indicator to
light on the remote control panel. The probability equations were mod-

ified accordingly.

In the GRN-27 the near field monitor of the glideslope does not send
an alarm, but only an abnormal indication, if RF power is out of toler-

ance. This factor was added to the corresponding Mark |11 equation.

. A failure in the DC/DC converters causes an alarm in Mark |I!! but not

in the GRN-27. Therefore, a converter failure could remain undetected
in the GRN-27 until a maintenance check of the power supply. Limited
testing of the GRN-27 power supply is performed every month, and it is
assumed that a converter failure would be detected during this testing.
The maximum duration of an undetected converter failure is approximately
720 hours. This value was used in the computation of the GRN-27 power
suppl!y failure probability. This revision results in only a negligible

increase in the total shutdown probability.

A localizer antenna misalignment detector (MAD) is used with the GRN-27
and not with the Mark I11. This detector is designed to shut the system
down upon detection of an antenna misalignment. The MAD unit has only

a negligible effect on the course signal integrity, however, 1t does
affect the shutdown probability. Shutdown can result from a MAD system
failure or from the detection of an antenna misalignment. Since data
was unavailable on the mercury switches used in the MAD systems, it

was not possible To compute the effect of a MAD failure on the shutdown
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probability. Also, since the probability of an antenna misalignment

is unknown, its effect on the shutdown probability was not computed.

11. The generation of an erroneous signal inhibiting the monitors does

not fead to shutdown in the GRN-27, as it does in the Mark |11 system.
The corresponding terms were therefore deleted from the total shutdown
probabifity.

Other differences between the GRN-27 and Mark 1!l System were examined during

the failure analysis and found to make no contribution to the failure calcu-

lations. These include a redundant battery charger in the Mark 11l system,
three far field monitor antenna/receiver systems in the Mark IIl system vs. one
in the GRN-27, and DDM alarms for both Category || and Category [l tolerance
in the Mark 111,

Other changes in the Mark Il1 system probability equations were required to

correct errors in the methodology used for that system. These changes are

described below:

1. In order for a faulty or hazardous signal to be undetected, all
monitoring of the affected parameter(s) must fail before the corres-
ponding failure in the transmitter occurs. To reflect this, a con-
ditional probability factor must be added to the relevant probability
equation. Taking this factor into account generally has the effect
of increasing the calculated reliability by several orders of magni-
tude. The addition of these conditional factors is the single most
important difference in methodology between this study and the Mark 111
FMECA.

2. According to our analysis, it is highly improbable that a faulty on-
course SDM signal could be radiated without causing an alarm from the
sensitivity monitors. Therefore, the failure rate for the sensitivity
monitors has been added to the monitoring factor in the equation for

the probability of an undetected faulty SDM signal.
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3. In the Mark || FMECA, there are no terms in the relevant equations
expressing the probabllity of a failure of the control unit to process
a far field monitor alarm. Such a term has been added to the relevant

equations in this study.

4. In the shutdown probability equations, the factor representing failures
in the main transmitter causing a transfer has been replaced by a factor
representing both failures in the main transmitter causing a transfer
and failures in the control unit capable of causing a spontaneous

transfer.

5. The localizer far field monitor and glidesiope antenna misalignment
detector alarms are delayed 70 and 135 seconds, respectively. During
these intervals, the localizer DDM signal could be out of ftolerance at
the far field, or the glideslope signal could be faulty due to antenna
misalignment, without being detected in either case. Terms expressing

these probabilities have been added to the relevant equations.

4.4 VARIABLE FACTORS AFFECTING SYSTEM RELIABILITY BEHAVIOUR

4.4.1 EFFECTS OF OPERATING PROCEDURES AND EQUIPMENT CHANGES

A monitor mismatch on any pair of integral monitor channels is equivalent to a
loss of redundancy in the monitoring. For example, if there is a monitor mis-
match from the course monitor channeis, a single hidden failure in the remain-
ing course monitor would result in the undetected loss of integral monitoring
of all on-caurse parameters. Since there is a significant difference in re-
{iability befween an operating procedure allowing landings with a monitor
mismatch condition present and an operating procedure requiring matching non-
alarm signals from all pairs of monitor channels, we have calculated the
failure probabilities for both cases. Thus the number of matching monitors
appears as a varliable in the probability equations. For the GRN-27, the only
indication of a monitor mismatch on the remote control panel is the {ighting
of the "abnormal" indicator light. Therefore, the reliability of an ILS for
a particular category of operation could be enhanced if the system were down-
4-8



graded from that category when the remote abnormal [ight is on. Other faults

which would also cause an abnormal indication (and no other indication) include:

e Primary AC power failure

e Battery charger failure

e Equipment cabinet temperature out of limits (optional)
e Glideslope misalignment detector alarm

e localizer far field abnormal condition

Introducing a faulty signal into the various monitors and observing the proper
system response verifies the integrity of the monitor and control unit alarm
processing. Since this is a part of the periodic maintenance routine, the
maintenance interval between such checks is a determining factor in the prob-
ability of a faulty or hazardous signal being undetected. This is reflected in
the probability equations in Table C-1 and D-1. Current operating requirements
for the GRN-27 specify a check of the monitors and contro! unit once every week.
Therefcre, a 168 hour maintenance interval was used to calculate the probabil-
ities in the base case. The probabilities of faulty and hazardous radiation
were also calculated for other maintenance intervals (see Section 5. 4).
Hazardous signal probability as a function of maintenance interval was calcu-
lated (Figure 5.1) and analyzed fto determine the frequency of maintenance checks
necessary to achieve the proposed hazardous signal! probability limits of

0.5 X 10_9 for localizer and glideslope, respectively.

The possibility of installing an automatic test circuit that would be capable
of simulating faulty signais into the sensitivity monitors was investigated.

This test circuit is discussed in Section 7.

Calculations were also performed to determine the effect of a system which
would provide a remote indication of a far field monitor alarm during the

70 second delay period.

With this system in place, the corresponding far field monitor delay terms can
be dropped from the probability equations; which, however, result in only a

negligible increase in equipment reliability.
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4.4.2 CRITICAL LANDING TIME

The probability of system shutdown within a specified landing time is a function
of the time interval chosen. Based upon the consideration given in Section 2,
shutdown probabilities were calculated for various critical landing times

(Table 5.2). For the purpose of calculating a base case in Tables C-2 and D-2,
critical intervals of 30 seconds and 15 seconds were used for the localizer and
glideslope, respectively. This means that the base case presented is also the
"worst case", with respect to shutdown probabilities, among the various critical

infervals of interest.

4.4.3 ARBITRARY FACTORS

Two terms in the probability calculations involve probabilities that cannot be
calculated in terms of equipment failure. These probabilities are: 1) the
probability that the ILS signal will be faulty with respect to DDM tolerance at
the far field only due to external runway disturbances during the critical phase
of a landing, and 2) the probability that the glideslope antenna tower will be-
come misaligned within the preventive maintenance interval. To avoid introducing
extraneous assumptions into the result, we have set both these factors to zero in

the base case. Assessment of the impact of these factors is made in Section 5.3.4,
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5.0 RESULTS

5.1 FAILURE MODES, RATES AND EQUATIONS

All of fthe failure modes, failure rates and probability equations relevant
to this study are contained in Appendices A through D. The data in these

appendices have been used to compute the results contained in this section,
and could be used to compute failure probabilities for other operating con-

ditions or equipment configurations.

Appendices A and B contain subassembly (e.g. transmifter, control unit, etc.)
fallure modes and rates for the localizer and glideslope respectively. The
first entry in the tables is tThe name of the subassembly and an identifying
number. The ID number is used as the first subscript on a set of variables
(1ambdas) which are used to represent the failure rates in failure probability
equations. A brief description of the function performed by each listed sub-

assembly is confained in fthe third column.

The fourth, fifth and sixth coiumns contain the failure modes, the effect of
each failure mode on the system and rate of failure for each mode. Each fail-
ure mode represents piecepart failures which could cause or contfribute tfo

that mode. The failure rates presented in column six represent a worst case
since total piecepart failure rates are used even though a piecepart may have

failure modes which do not contribufe to the subassembly failure mode considered.

The failure modes within a subassembly are identified by a letter. In many
cases, failure modes will small differences between them are categorized under
one failure mode. These variations within a failure mode are identified by a
number appended to the letter designating the overall mode. The letter or
letter and number combination are used as subscripts, following the subassembly

ID subscript, to identify the particular failure rate.

As indicated previously, most of the modes and rates used for this study are
The same as those used in the Mark [I! FMECA. Failure rates in Appendices A

and B which are different from the corresponding rates in the Mark 111 FMECA
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are identified by an asterisk on the failure rate variable. Failure rates

for failure modes which were not included in the Mark [l FMECA are identified
by a double asterisk. Many failure modes listed in the Mark |11 FMECA are

not included in this analysis either because the mode does not exist in the
GRN-27, or, to affect the signal, the mode must occur concurrentily with two

or more other modes, such occurrence being improbable.

Appendices C and D contain the faulty signal and shutdown probability catcu-
lations for the localizer and glidesliope, respectively. For each type of
faulty signal considered, an equation is presented representing the failure
modes, combinations of failure modes, and sequences of falilure modes which
must occur tc produce that faulty signal. The values of the variables in the
probability equations are presented and used in two example calculations. One
calculation is shown assuming landings would not be allowed after a monitor
mismatch. Also, a one week maintenance interval has been assumed in all

example calculations.

The shutdown probability calculations are shown in Tables C-2 and D-2 for the
localizer and glideslope respectively. These results apply to a system which
is operating on the main transmitter at the beginning of the critical landing
period. The shutdown calculations are separated info single failures result-
ing in shutdown, and various categories of failure combinations, including

a fallure causing a ftransfer to standby, then a failure causing shutdown.

As was done for the faulty signal probabilities, shutdown probability equa-
tions are presenfted along with the vatue of all variables in each equation.
Example calculations were also shown, using a critical time of thirty seconds

for the localizer and 15 seconds for the glideslope.

5.2 SUMMARY OF RESULTS

Table 5.1 contains a summary of the results of the reliability analysis, giving
the reliability of the GRN-27 for various combinations of operating procedures
and critical landing intervals. The headings divide the body of the table

into four columns, each of which corresponds to the set of operating proced-
ures specified by the headings above it. Assumptions regarding critical
landing times affect shutdown probabilities oniy and, therefore, are shown

in the shutdown section of the table.
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ILS USE ALLOWED WITH ABNORMAL INDICATION YES NO
INTERVAL BETWEEN SYSTEM CHECKS 1 Week 24 Hours 1 Week 24 Hours
Localizer 31 X 107° 6.75 X 10°° 1.17 x 107/ 2.37 X 107
Probabilit f th Gl1deslope * - _ _ _
robabiiity of the Two. Frequency .33 x 1076 4.75 x 1078 7.79 x 1078 1.58 X 1077
radiation of a faulty )
signal between system Null Reference .36 X 1070 2.78 x 1078 4.17 x 1078 8.42 x 10710
hecks - . e -
chec Side Band Reference .47 x 1078 3.01 x 1078 4,31 x 1078 5.71 x 10710
Localizer 75 x 10°° 1.79 X 1079 1.53 x 1078 3.13 x 10710
Probability of the Glideslope - - - -
o Two. Frequency .68 x 107 1.77 x 1079 1.52 x 1078 3.11 x 10710
radiation of a - e
hazardous signal Null Reference .75 x 1078 1.79 X 107° 1.53 x 1078 3.13 x 10710
bet tem check - - — R
elween system checks Side Band Reference .68-x 1078 1.77 x 1072 1.52 x 1078 3.11 x 10710
7
30 sec. .81 X 10 1.73 x 107/ 1.80 x 107/ 1.73 x 107/
Localizer 15 sec. .07 x 10°° 8.66 X 1070 9.01 X 10 8.65 X 1078
Probability of 10 sec. 05 x 1078 5.77 X 1078 6.01 x 1078 5.77 x 1078
shutdown during : - - - -
Cical Tandi Glideslope 15 sec. .54 x 1078 6.43 X 1078 6.50 x 108 6.42 x 1078
critica anding Two Frequency . . e .
interval specified 5 sec. .18 X 107 2.14 X 10° 2.17 x 107 2.14 x 107
15 sec. .01 x 1078 5.91 X 1078 5.98 x 1078 5.91 x 1078
Null Reference R
8 _8 ‘8 -8
5 sec. .00 X 10 1.97 X 10 1.99 X 10 1.97 X 10
15 sec. .27 x 1078 6.17 x 1078 6.24 x 10°° 6.17 x 1078
Side Band Ref. 8 e
5 sec. .09 X 107 2.06 x 1078 2.03 x 1078 2.06 x 1078
Table 5.1 System Integrity and Continuity




The probabilities shown in Table 5.1 do not take into consideration external
runway disturbances which can degrade the radiated signal. Also, the poss-
ibility of antenna support misalignment for either the localizer or glide-
slope are not included in the tabulated results. The faulty signal and
shutdown probability equations in Appendices C and D contain terms which
include the probabilities of runway disturbances or misalignment, However,
since these probabilities are unknown, the results in Table 5.2 were computed

assuming these probabilities to be zero.

The faulty signal probabilities shown are worst case values. Each is the
sum of probabilities of different types of faulty signal (e.g. faulty DDM,
SDM, RF, etc.) and the failure rates for certain contro! unit, monitor and
transmitter failure modes are included in more than one term contributing fo
the total.

The shutdown probability is primarily determined by the probability of single
part failures causing shutdown during the critical time interval. Therefore,
the shutdown probability is essentially directly proportiocnal to the critical

time, as can be verified from Table 5.1.

Results are presented for critical time intervals of 30, 15 and 10 seconds
for the localizer, and 15 and 5 seconds for the glideslope. The 30 and 15
second results can be used to determine whether the proposed ICAO reliability
standards can be met, while the 10 and 5 second results can be used to compare

against the results of previous analyses, such as the Mark |11 FMECA.

Al'l the results in Table 5.1 assume the system is operating on the main trans-
mitter before a landing attempt is allowed. If either the localizer or
glideslope is operating with the standby transmitter, single ftransmitter com-
ponent failures could cause a shutdown of the station. For the localizer,
the total failure rate for single failures in the transmitter that would cause

a shutdown when operating on standby is 83.11 X 10_6. The corresponding

figure for the glideslope is 36.01 X 1O~6. Adding these to the respective

totals for single failures causing shutdown (pages C-16 and D-16), and re-
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moving the probabilities for fallure modes that cannot occur when operating
on standby, gives the following probabilities of shutdown:
Localizer (30 second interval) 8.65 X 10_7

Glideslope (15 second interval) 2.07 X 107

As noted with respect to Table 5.1, shutdown probabilities are essentially
independent of maintenance interval and whether operation is allowed with a

monitor mismatch.

Hazardous signal probability is the same whether operation is with the main

or standby transmitter.

5.3 SAMPLE DETAITLED RESULTS

Each faulty signal probabitity listed in Table 5.1 is the sum of the probabil-
ities of a number of different ftypes of faulty signal (DDM, SDM, etc.).
Similarly, the shutdown probabilities are the sum of the probabilities of a
number of different shutdown modes. To show how the results in Table 5.1 were
obtained, it is useful to list detailed failure probabilities for a few of the
cases in the table. The cases selected involve the localizer and two frequency
glidesliope, a one-week interval between system checks, and 30 and 15 second
critical landing intervals for the localizer and glideslope respectively.
Separate results are presented assuming landings are allowed with a monitor
mismatch and assuming landings are not allowed with a mismatch. These are

the cases for which calculations were performed in Appendices C and D.

Table 5.2 contains the detailed results assuming landings would be al lowed
with a monitor mismatch (referred to as the base case in the Appendices).
This corresponds to the current configuration and operation of the system.
The precise definition of each of the probabilities is contained in Appen-
dices C and D.



Table 5.2 Base Case Failure Probability

Localizer Faulty Signal Probability

CSEDDM ’

CSESDM )

CSERF
SEN
CL

FF

Glideslope Faulty Signal Probability

P :
CSEppm

P :
CSESDM

p
CSERF

PseN

PeL

PATM

5-6

.023

.918

.095

.753

.133

.308

.001

.548

.331

.676

.522

.326 X



Table 5.2 Base Case Failure Probability (continued)

Localizer Shutdown Probability

1. P
2. Phg

3. P

o Potay.
> PsTay
° Pstay,
7~ Pstay
8. Psrpy

% Prony
10, Pesesip
1. ey

12. P,

13. P

711 x 1077
.988 x 10713
461 X 10717
.305 X 10°°
.536 x 10710
.391 x 10710
136 X 107°
071 X 107°
.920 x 10710
341 % 10719
.289 % 10710
.947 x 1071
536 x 10710
.813 x 107/



Table 5.2 Base Case Failure Probability (continued)

10.

11.

12.

Glideslope Shutdown Probability

AB
AC
STBYCSE

STBYSEN

STBY,,
PsTRY
CONV
CSE
SEN

CL

NF

.395

.453

.075

.167

.082

.399

.983

.306

.168

.445

.233

.052

.538



Table 5.2 Base Case Failure Probability (continued)

E. Summary

Faulty Signal Probability
Localizer 3.308 X 107°

Glideslope 2.326 X 10°°

Shutdown Probability

Localizer 1.813 X 10'7

GlidesTlope 6.538 X 1070
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For both the localizer and glideslope, the on-course DDM fault probability is
several! orders of magnitfude smal!ller than the other non-zero terms. This is
the result of the added redundancy in the monitoring represented by the far-

field monitor and its independent processing in the control unift.

Although the hazardous signal probabilities are not specifically listed in
Table 5.2, they are the same as the probabilities of a signal with faulty
sensitivity. A hazardous signal can result from a faulty on-course NOM or a
faulty sensitivity, and, since the on-course ODM fault probability is so small,

the sum of These two fterms is equal to the faulty sensitivity probability.

From Table 5.2, Sections C and N, it can be seen that the shutdown probabil-
ities are dominated by the probability of a single faiture causing a shutdown
(FS). This is to be expected since the probability of multiple failures is
the product of the individual probabilities, generally resulting in a low

value.

Table 5.3 contains detailed results for the same case with the exception that
it is assumed that the landings would not be allowed with a monitor mismatch.
Since the remote control panel indication of a monitor mismatch is the Ilight-
ing of an "abnormal™ indicator, the reliability values shown in Table 5.3 can

be achieved if ILS use is not allowed when there is an "abnormal” indication.

Table 5.3 can be compared with Table 5.2 to show the improvement in relia-
bility over the base case made by not allowing landings with a monitor mismatch
condition. A comparison of the tables indicate that the faulty signal proba-
bilities are significantly reduced by preventing landings during a monitor

mismatch. However, the shutdown probabilities are not significantly affected.
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Table 5.3 Base Case Probabilities With Landings
Not Allowed with a Monitor Mismatch

A. Localizer Faulty Signal Probability

. Pegp 4.667 x 10710
DDM
2. Prop 3.082 X 1078
SDM
-8
3. p : 3.553 X 10
CSEpr
, -8
by 1.534 X 10
5. p : 3.551 x 1078
Py : .
6. P 0
1.172 x 1077
B. Glideslope Faulty Signal Probability
. Pegp 1.370 x 10”1°
DDM
2. Pegp 2.899 x 1078
SDM
3. Peep 3.917 x 10714
RF
-8
4 Py 1.525 X 10
5. P .- 3.363 X 1078
. Py : .
6. Paoy 0
7.788 % 1078



Table 5.3 Base Case Probabilities With Landings Not Allowed
with a Monitor Mismatch (Continued)

C. Localizer Shutdown Probability

1. P : 1.711 X 1077
. -13
2. P : 4.988 X 10
. 12
3. Py : 8.461 X 10
4 Pergy 1.305 X 1077
CSE
5. Porpy 2.536 X 1010
SEN
6. Porgy 6.391 X 1010
cL
. -9
7. Pergy. 1.136 X 10
1D
. -9
8. Pergy 5.071 X 10
-10
9. Prony 5.920 X 10
. -14
10. Pese/rp 1.657 X 10
11. P : 6.394 X 10°1°
- Popy -
, . _14
12. P, : 1.461 X 10
. 14
13. P : 2.250 X 10
1.801 X 1077



Table 5.3 Base Case Probabilities With Landings Not Allowed
with a Monitor Mismatch (Continued)

D. Glideslope Shutdown Probability

1. b : 6.395 X 1075
. 14
2. Ppp : 2.453 X 10
. 12
3. Py : 4.075 X 10
10
4. p : 2.167 X 10
STBY
5. Porgy 1.082 x 10”10
SEN
17
6. P . 5.399 X 10
STBY .,
7. p : 4,983 x 10710
- Py :
10
8. Peony 1.306 X 10
. 15
9. Pocp 2.897 X 10
-15
10, Pgpy 1.598 X 10
-15
11. P, 3.058 X 10
. _15
12. Py, : 2.609 X 10
6.497 X 10°°
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Table 5.3 Base Case Probabilities With Landings Not Allowed
with a Monitor Mismatch (Continued)

E. Summary

Faulty Signal Probability

Localizer 1.172 X 10~/

Glideslope 7.788 X 1078
Shutdown Probability

Localizer 1.801 X 107/

Glideslope 6.497 X 1078



5.4 PREVENTIVE MAINTENANCE CYCLE

As discussed in Section 4.4.1, the probability of a faulty or hazardous signal
is determined by the frequency of checks of the monitoring and transfer oper-
ation. Figure 5.1 gives the probability of an undetected hazardous signal as

a function of the maintenance interval between such checks. Note that a
probability of hazardous signal of 0.5 X 10-9 may be achieved by a maintenance
interval of 30.3 hours if landings are not allowed with an "abnormal'™ indication

{(monitor mismatch), or by a maintenance interval ot 12.7 hours if landings are

allowed with an "abnormal" indication.
5.5 UNKNOWN FACTORS
5.5.1 FAR FIELD LOCALIZER SIGNAL DEGRADATION DUE TO RUNWAY DISTURBANCE

The probability of an undetected degradation of the course position signal at
the far field only is a function of the probability of external runway distur-
bances. Since the degraded signal may be hazardous, it is desirable fto eval-
uate its probability with respect to the proposed integrity level of 0.5 X 10—9.
Specifically, our analysis was directed toward discovering the values of the
probability of external runway disturbances resulting in signal degradation

for which the associated hazardous signal probability meets the proposed in-
tegrity level. Since the probability of hazardous signal due to external run-
way disturbances is only one component of the total hazardous signal probabil-
ity, it was provisionally set equal! to 0.1 X 10—9. We then solved for the

probability of external runway disturbances necessary to guarantee that value.

The probability that a faulty course position at the far field will be radiated
during the 70 second delay of the far field monitor alarm is the dominant term
in the calculation of the hazardous signal probability due to external runway
disburbances. This term is zero if the far field monitor is monitored with no
delay at the remote confrol panel. With remote control monitoring of the far
field monitor, the values for the probability of external runway disturbances

necessary for the desired signal integrity are as follows:
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Hazardous Signa! Probability

10-6

10-7

10-8

10-9

0.5x 109

1010

168 336

Maintenance Interval (hours)

———— | andings not allowed with monitor mismatch

vesmsssssaaes Landings allowed with monitor mismatch

Figure 5.1. Localizer or Glideslope Signal integrity as a Function
of Preventive Maintenance Interval
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[f landings are allowed with "ABN" light on, a probability of external runway
disturbances less than 8 X 10—8 gives a probability of hazardous signal at the
far field of less than 0.1 X 10—9. If landings are not allowed with "ABN"
light on, the probability of hazardous signal at the far field is less than

3.1 X 10_]3, independent of the probability of external runway disturbances.

Without remote control monitoring, the probability of external runway distur-

bances must be less than 4.3 X 10—H in order for the corresponding hazardous

signal probability to be less than 0.1 X 10_9.

The threshold values given are to be compared with estimates of the probability
of signal degradation due fo externa! runway disturbances derived from other
sources; such as, for example, site-specific experience, in order to determine
if the probability of the radiation of a faulty course position at the far

field is within the proposed limits,

See Appendix C, Page C-15 for the equations used to calculate the probabilities

discussed in this section.

5.5.2 GLIDESLOPE ANTENNA MISALIGNMENT DETECTOR

The misalignment detector detects a permanent tilt of the antenna tower and
produces an abnormal!l indication, in effect providing a warning before a tilt

is serious enough fo cause a shutdown due fto near field monitor action. Further,
a fower misalignment could have effects on clearance and sensitivity undetected
by the near field monitor. Since the degree of til!t detected by the misalign-
ment detector would affect the glideslope path near the runway threshold if the
ti1+ was towards or away from the runway, this provides an additiona! argument
for downgrading the system when an abnormal indication at the remote control
panel occurs. (In the Mark |I{ System, a misalignment detector alarm causes

shutdown).

The probability of the radiation of a faulty signal, due to antenna ftower mis-

alignment is a function of the probability that the glideslope antenna tower



will become misaligned (within the preventive maintenance interval), which is
unpredictable, being a function of external and uncontrollable forces. Since
the resulting signal may be hazardous, it is desirable to evaluate its prob-
ability with respect to the proposed integrity level of 0.5 X 10_9. Specific~
ally, our analysis was directed toward discovering the values of the probabil-
ity of antenna misalignment for which the associated hazardous signal prob-
ability meets the proposed integrity level. Since the probability of hazardous
signal due to antenna misalignment is only one component of the total hazardous
signal probability, it was provisionally set equal to 0.1 X 10-9. We then
solved for the probability of antenna misalignment necessary to guarantee That

value.

The probability that a hazardous signal! due to antenna misalignment will be
radiated within the 2.25 minute (135 second) delay of the antenna misalignment
alarm is the dominant ferm in the calculation of the hazardous signal probabil-
ity due to misalignment. This ferm is zero if the misalignment detector is
monitored with no delay at the remote control panel (although this option is

not under consideration).

Without remote control monitoring, the probability of fower misalignment mus*t
be less than 4.5 X 10_7 in order for the hazardous signal probability due to
misalignment fo be less than 0.1 X 10—9 (assuming a 168 hour maintenance inter-
val). With remote control monitoring, and not allowing landings with an ab-
normal indication present, fthe tower misalignment probability must only be less
than 1.8 X 10—7. I'f landings are allowed with an abnormal indication, the
fower misalignment probabilify must simply be less than 0.1 X 10_9 (essentially

no monitoring).

The threshold values given are to be compared with estimates of tower misalign-
ment probability derived from other sources; such as, for example, site-specific
experience, in order to determine if the probability of a hazardous signal due

to tower misalignment is within the proposed |imits.

See Appendix D, Page D-15 for the equations used fo calculate the probabilities

discussed in this section.



5.6 REVISED MARK |11 RELIABILITY RESULTS

Table 5.4 provides the results from the FMECA of the Mark |1l System (Refer-
ence 3) and the same results modified to conform to the methodology used in
this study, for purposes of comparison of the reliability of the Mark ||l and

the GRN-27. The modifications are listed below:

e C(Conditional factors were added to the faulty and hazardous signal

equations.

® Transmitter failure rates in the sensitivity terms were repiaced by

failure rates for transmission of faulty SBO only.

e Changes were made fo reflect assumptions made for the GRN-2Z7 base

Case:

1. A maintenance interval of 168 hours was assumed, unless other-

wise noted;

2. critical landing times assumed were 30 seconds for localizer,

15 seconds for glideslope;

3, arbitrary factors (localizer signal degradation due to external
runway disturbances, glideslope antenna tower misalignment) were

set to zero.

e Hazardous signal probability is the sum of the DDM and sensitivity

terms only.



Table 5.4 Revised Mark III Reliability Results

Mark III Results

Results from Revised to Conform
Mark III FMECA to Methodology of
(Reference 3) GRN-27 Study*
Faulty Signal Probability
Localizer 9.334 X 1072 2.296 X 10712
Glideslope 9.089 X 102 1.495 x 10712
Hazardous Signal Probability
Localizer 2.141 x 10710 6.791 x 10°'*
GlidesTope 1.518 X 1079 6.798 x 10714
Shutdown Probability
Localizer 5.617 X 1078 1.655 X 1077
Glideslope 2.600 X 1078 7.706 X 1078

*Conditional factors added to faulty and hazardous signal equations;
hazardous signal probability is sum of hazardous DDM and sensitivity
terms given in Mark III study, with transmitter failure rate in
sensitivity term replaced by failure rate for transmission of faulty
SBO only; maintenance interval and critical landing times are same
as for GRN-27 base case; arbitrary factors (runway disturbance, mis-
alignment, antenna tower) set to zero.
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6.0 FIELD EXPERIENCE

6.1 FACILITY MAINTENANCE LOGS

Table 6-1 summarizes GRN-27 unscheduled outages for the calendar year 1981, as
recorded in the maintenance logs from 69 facilities. Causes of outages are
seldom categorically stated in the logs, and most often must be deduced from
the repair/maintenance acitvity recorded as the response to the outage. When
the equipment repaired cannot have caused shutdown by itself (for example, one
of the two transmitting units), the outage has been put in the same class as

those for which the maintenance technicians explicitly noted "no cause found".

Figure 6-1 below is a graphic summary of all outages, derived from the facility

maintenance logs.

Figure 6-1
GRN-27 Unscheduled Qutages (1981)

Identifiable
component
failures

causing

Outages due to
Power Supply Sys.

corrected by
equipment
adjustment

Rain, snow or lightning Failure to transfer 0.3%

Shutdown,
cause
unknown

20.6%

Outage, cause unknown




Not all of the outages recorded were the result of auTbmaTic shutdowns, or
failures which result in a loss of signal (such as power failures). Some
outages represent failures to bring up the eqguipment when switching from one
runway to another. Others represent instances of the system being taken ouft

of service for repair, or to investigate an "abnormal” indication.

Qutages involving repair actions on the ftransmitting units only were most
likely either shutdowns of the standby fTransmitter, after operation for some
period on standby, or a result of repair action taken to correct some irreg-
ularity or abnormal indication. In either case, there would have been an
"abnormal' indication, or some other failture indication, for some period of
time before shutdown, unltess the standby transmitter was already faulty be-
fore a transfer occurred, causing a shutdown as soon as the main transmitter
faited and transfer to standby was made. None of these cases could be dis-
Tinguished from each other on the basis of the information in the logs, nor
could 1t be determined with confidence that the transmitter subassembly re-
paired was the direct cause of the outage. Therefore, all such cases were

included among outages with unknown causes.

6.2 COMPARISONS WITH THE FAILIJRE ANALYSIS

If all outages ofther than those determined to be non-shutdown outages (Class
VIIE in Table 6~1) are assumed to be shutdowns, we have the following actual

worst case shufdown probabilities:

Localizer

Probability of shutdown in a 30 second interval: 2.15 X 10-6
Probability of shutdown in a 15 second inferval: 1.07 X 10_6

Clideslope
7

Probability of shutdown in a 15 second interval: 8.75 X 10
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The probabilities are derived by dividing the respective number of outages for
the localizer or glideslope by the number of 30 or 15 second intervals in the
585,940 total uptime hours for each type of facility in the maintenance logs

analyzed.

More realistic probabilities result from counting only those outages for which
repair or adjustment of identifiable components is recorded in the logs (i, II,

[11 and VIl in Table 6-1):

Localizer
Probability of shutdown in a 30 second interval: 8.68 X 10_7
Probability of shutdown in a 15 second interval: 4.34 X 10_7

Glideslope
7

Probabi l ity of shutdown in a 15 second interval: 5.90 X 107

For purposes of comparison with the theoretical analysis, only identifiable
failures that cannot be corrected by adjustment, but only by repairing or re~
placing the failed part (I and Il in Table 6-1), should be included in the

probability calculation. This procedure gives the following results:

Localizer
Probability of shutdown in a 30 second interval: 4.41 X 10_7
Probability of shutdown in a 15 second interval: 2,20 X 10—7

Glideslope
7

Probability of shutdown in a 15 second interval: 4.69 X 10~



For comparison, the corresponding theoretically calculated probabilities

(from Table 5.1) are:

Localizer
Probability of shutdown in a 30 second interval: 1.81 X 107/

Probabi ity of shutdown in a 15 second interval: 9.07 X 1078

Glideslope
Probability of shutdown in a 15 second interval: 6.54 X 10_8

A 168 hour maintenance interval is assumed. Also, the calculated probability

for the glideslope is for the two frequency glidesliope (worst case).

Actual experience, as represented in the logs, identifies the peak detectors
as causing outages with a relatively high frequency. The total calculated
peak detector failure rate contributing to the probability of shutdown is

3.52 X 10-6. But actual experience gives a much higher fallure rate, with

36 failures in 1,206,280 system hours, or a failure rate of 2.98 X 10_5 fail-
ures per hour. This is a confirmation of a known problem area, for which pro-

posed improvements have been discussed in Section 7.

The localizer misalignment detectors were involved in several outages other
than those attributed to misalignment detector component failures. Two of
the three outages due to corrosion were due to corroded wires on the *Tilt
detectors. Also, both outages listed as due to rodent activity were the re-
sult of rats having gnawed the insulation off wires connected to the tilt
detector. Further, only fwo of the outages [isted under "Antenna Misalign-
ment" were due to permanent antenna misalignment. Two were attributable to
storm, and one to aircraft departures. (The outage listed under "earthquake"
was also caused by MAD alarms.) And, finally, three outages listed under
unknown causes were due to inexplicable MAD alarms, with no fault found in

the antennas or detectors.

6-4



The actual reliability of the monitor alarm processing circuitry in the control
unit is of interest in assessing the level of confidence in the theoretically
calculated probability of a hazardous signal. No outage was explicitly blamed
on a failure in the alarm processing circuitry, and only once in the 1,206,280
uptime hours was the alarm and ftransfer card in the control unit replaced
(during troubleshooting) in connection with an unscheduled outage. This cor-
responds to a failure rate of 8.25 X 10_7, which agrees well with calculated
failure rates invoiving this subassembly. Although the monitors required more
frequent repair, their contribution to the hazardous signal probability is
effectively eliminated by not allowing landings with a monitor mismatch con-

dition.



Table 6-1

GRN~27 Unscheduled Outages (1981)

Number of Qutages

Percentage of

ad justment

6~-6

Type of OQutage localizer Glideslope Total all outages
. Component failures causing

shutdown
Peak Detector 15 21 36 11.6%
Recombining Circuits 4 3 7 2.3
Changeover and Test 4 2 6 1.9
Distribution Circuits 2 3 5 1.6
Misalignment Detector (does 3 N/A 3 1.0

not include corrosion-

related failures)

Far Field Monitor Z N/A 2 0.6
Proximity Probe 0 ! ! 0.3
Antenna Coupler 0 1 1 0.3
Monitor Interface 0 1 1 0.3
Connector on Monitor Feed 0 1 1 0.3

Cable :
All single component failures 31 33 64 20.6%
Shutdown resulting from faulty 1 0 1 0.3%
signal, followed by failure
to effect changeover

. Shutdown, corrected by adjust-

ment of the indicated subassembly
Peak Detector 2 13 15 4,8%
Transmitters 6 9 15 4.8
Monitors 3 10 13 4.2
Loose Hardware 6 3 9 2.9
Near Field Monitor N/A 2 2 0.6
Far Field Monitor 1 N/A 1 0.3
Distribution Circuits 1 0 1 0.3
Unknown 0 2 2 0.6
All shutdowns corrected by 19 39 58 18.7%



GRN=-27 Unscheduled Outages (1981)

Type of Outage

IV. Shutdown due to show, rain

Vi.

or lightning

Snow

Rain

Lightning

Unspecified weather-related
outage

Subtotal

Shutdown not caused by ILS
equipment

Commercial lines

Antenna Misalignment (de-
tected by misalignment
detector)

Corrosion

Improper Operation
External Runway Activity
Faulty Shelter Heater or
Air Conditioner

Rodent Activity
Earthquake

Subtotal

Shutdown, cause unknown

Table 6-1

Number of Qutages

(Continued

Percentage of

Localizer Glideslope Total all Qutages
6 3 9 2.9%
2 1 3 1.0
1 0 1 0.3
0 2 2 0.6
9 6 15 4.8%

14 2 16 5.2%
5 0 5 1.6
3 0 3 1.0
1 2 3 1.0
0 3 3 1.0
2 1 3 1.0
2 0 2 0.6
1 0 1 0.3

27 8 35 11.6%

43 21 64 20.6%



Table 6-1

GRN-27 Unscheduled Outages (1981) (Continued)

Number of Outaqges

Percentage of
all Outages

Type of Outage Localizer Glideslope Total
VII. Outages due to power supply
system
Biown fuses or tripped 5 9 14
circuit breakers
Loss of prime power, with 5 2 7

ensuing failure in back-up

Subtotal 10 1" 21

Viil. Non-shutdown outages

System taken out 12 6 18
for repair
Failure to come up 15 3 18
Subtotal 27 9 36
[X. Outage, unknown cause (un- 11 2 13
clear if outage was a
shutdown) _— _ —
Total 178 132 310

6-8

4,5%

2.3

6.8%

5.8%

5.8

11.6%

4.2%



7.0 - " POSSIBLE EQUIPMENT MOD!FICATIONS

7.1 TEST SWITCH

Each monitor channel in the GRN-27 contains a switch which c¢can be used to

test parts of the system. When thrown, the switch activates a retay, thereby
introducing a faulty signal into the monitor channel, Activating the switches
on any pair of channels, both of which monitor the same parameter, should re-
sult in a transfer from the main to the standby transmitter. A second acti-
vation of the switches should result in a system shutdown. Using these
switches to test for a transfer of transmitters is a simple method of verify-
ing that critical components in the contro! unit are operating. The test also
verifies the operation of the monitor channels. However, because of monijtor
channe! redundancy, failures in the control unit are far more like to produce

a hazard.

To achieve the high levels of reliability required for Category !l equipment,

it would be necessary to test the GRN-27 more frequently than currentiy required.
It would be sufficient to use the monitor channel switches to perform this test
since possible hidden failures in the control unif are the primary cause of the
relative unreliability of the system. One possible approach to performing

these tests would be to install a switch in the control tower or tower equip-
ment room which could be used. to test the system remotely. After the remote
switch is activated, the tester would observe on the remote indicator panel

that a transfer from main to standby has taken place (indicator lights and aural
alarm indicate the change of status). The system would then be restored using

the cycle switch on the remote control panel,

One possible implementation of the remote test switch would minimize the atten-
tion required of the tester and minimize the duration of the signal interruption.
This system would be semi-automatic in that an operator would simply press a
momentary contact switch. The system would then automatically transmit a sig-
nal to the equipment shelter which activates the test circuitry for a precise
interval. The interval would be longer than the delay time on the alarm and

transfer circuit card (used to prevent transients from effecting a transfer),



but sufficiently short such that the transfer is not immediately followed by

a shutdown. The semi-automatic system would, after a short delay, transmit

a pulse which would activate the Monitors locally Bypassed (MLB) signal in

the control unit, thereby restoring the main transmitter. A cycle pulse could

be used to restore the system but the cycle pulse would first shut the system

off, after which the system would remain off for twenty seconds before the -

next cycle pulse could restore the system.

7.2 TOWER MONITORING OF THE FAR FIELD MONITOR

The far field monitor does not issue an alarm unti! a faulty signal has been
received continuously for a delay interval of between 70 and 120 seconds.
Therefore, it would be useful to provide the controfier with some Indication
of a faulty signal at the far field monitor during the delay interval. A
controller could discriminate between faulty signals caused by temporary
obstructions, such as overflights or taxiway activity, and those with no
apparent cause, such as a system fault. Such a remote display system has been
buitt at The NAVAIDS/COMM Engineering Branch of the FAA Aeronautical Center,
and is currently being tested. This type of display unit will have only a
negligible effect on the probability of radiation of a faulty signal due to

a system failure. However, it would reduce the probability that a landing
would occur while the signal is distorted by an obstruction. The specific im-
pact is impossible to determine without data on the probability and duration
of all types of signals reflecting obstructions. Example calculations of the

display unit impact are shown in Section 5.5.1.

7.3 IMPROVED TRANSMITTER

The GRN-27 transmitters were designed in the late 1960's at which time there “
was a limited quantity and quality of solid state RF devices. Also, D.C. to

R.F. conversion efficiencies obtainable with these early devices were relatively

fow. Considering these constraints, the reliability and output power levels of

the GRN-27 were respectable. However, significant improvements can be realized

with the use of current technology solid state RF power devices.
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Southwestern Communications, Inc. has designed and ftested improved transmitter
power amplifiers for both the localizer and glideslope systems. The improved
amplifiers have been designed as plug-in replacements for the original equip-
ment A4 circuit boards. The advantages of using the improved amplifier in the

localizer are:

e Higher reliability - the computed failure rate for the improved circuit
is 0.14 failures per million hours, compared to 1.38 for the original

equipment.

e No frequency drift occurs in the improved circuit whereas the original

equipment requires periodic readjustment after turn-on.
e Shorter time required for fransmitter stabilization.

e The same power amplifier is used in the course and clearance trans-
mitters. However, the lowest power level to which the original ampli-
fier can be adjusted is often too high for the clearance transmitter,
which must meet a 10 db course to clearance power ratio criterion.
The improved circuit can be adjusted to sufficiently low levels to

meet the criterion.

Similarly, the replacement amplifier circuit for the glideslope transmitter has

the following advantages:

e Higher reliability - the computed failure rate for the improved cir-
cuit is 0.44 failures per million hours compared to 4.11 for the

original equipment.

e The original equipment amplifier contains components which will soon

become unavailable (2N5016 tfransistor).

e The improved circuit can produce 15 watts of power as opposed to

10 watts for the original equipment.



e lower power levels are possible with the improved amplifier making it

possible to meet the 10 db course to clearance power ratio criterion.

Although the new amplifiers would not have any significant impact on the prob-
ability of a faulty signal or system shutdown, the number of transfers from
main to standby resulting from a fault in a transmitter will be reduced. Also
less maintenance will be required to keep the transmitters operating and

properly adjusted.

7.4 IMPROVED PEAK DETECTORS

As was discussed in Section 6, the peak detectors in both the localizer and
glideslope systems are prone to failures which result In shutdown. These
failures are, in part, the result of the approximately 160°F ambient environ-
ment maintained by a heater within each peak detector. Also, each peak detec-
tor contains attenuator switches which are prone to failure. Clearly, more

reliable peak detectors should be installed in the GRN-27 systems.

Southwestern Communications, Inc. is currently testing an improved peak detec-
tor design. These improved peak detectors do not contain attenuator switches,
and are operated in an environment maintained at 120°F. Although detai led de-
sign data have not been made available for a reliabiltity analysis, the improved

design should result in much improved reliability.

7.5 LOCALIZER MISALIGNMENT DETECTORS

As described in Section 6.2, the localizer misalignment detectors are prone to
corrosion and have a high number of outages in proportion to the number of
actua! misalignments of the antennas. Improvements in the detector or removal
to correct or avoid these problems would reduce the number of unscheduled out-
ages. The course antenna misalignment detector may be considered to serve as

a redundant monitor to the far field course alignment monitoring and consequent-
ly its removal would have no serious impact on the system hazardous radiation

probability.
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7.6 IMPROVED INTEGRATED CIRCUITS

Virtually all of the processing in the GRN-27 control unit is performed with
NAND gates. A hidden failure in any one of a few critical gates coutld prevent
a transfer to standby upon detection of a faulty signal by fthe monitors. The
probability of such an occurrence would be reduced by the use of higher quality
gates. Specifically, using gates of quality leve!l B (as defined in Ref. 4,

Pg. 2.1.5-1) would result in hazardous signal probabilities of 0.138 X 10_9
for the localizer or glideslope, assumming a one-week infterval between system
checks and assuming that landings would not be allowed with an abnormal indi-
cation. However, the gates in the GRN-27 are non-standard and not available

in a higher quality version. Higher quality gates cou!d be custom designed

and manufactured but the cost would be prohibitive.

7.7 FIELD MONITORING OF COURSE WIDTH

As discussed in Section 4, a hazardous signal is the result of a faulty on-
course DDM or course width. A faulty on-course DDM is much less probable than

a faulty course width because the on-course DDM is monitored in the field (far
field for focalizer, near field for glideslope) as well as by integral monitors,
white tThe course width is monitored only by integral monitors. Therefore, the
probabi lity of hazardous signal is equal fo the probability of a signal with
faulty course width. [f the course width were monitored in the field, the
probability of a faulty course width would be as low as the faulty DDM prob-
ability.

Monitoring the localizer course width in the field would require placing an
antenna to the side of the course centerline, near the far field monitor sys-
tem. For the glideslope, an antenna woutd have to be placed above or below
the near field monitor antenna. Also additional circuitry would have to be
added to process the signals from the new antennas. Such monitoring is used
on ILS units in the United Kingdom. However, the implementation of this type

of monitoring would be expensive.



8.0 CONCLUSIONS AND RECOMMENDAT IONS

As Table 5-1 shows, the proposed ICAO hazardous signal probabiltity limit ex-
pected to be recommended for Reliability Level 3 and 4 equipment (0.5 X 10_9)

can be met by the GRN-27 if the following changes are adopted:

1. The transfer capability of the system is tested at least once every

24 hours, and

2. The category of operation is downgraded with an abnormal indication

on the remote indicator panel.

[t is recommended that the daily test be performed using a remote, semi-auto-

matic test circuit described in Section 7.1.

The GRN-27 meets atl ICAOQ proposed {oss of signal probability limits as

currently configured and operated.

With the GRN-27 operating on the standby transmitter (that is, as a single

transmitter system) the proposed Level 4 loss of signal probability can still
be met, although the single transmitter loss of signal probability is approx-
imately five times that of the system with both transmitfers available. The
hazardous signal probability is fthe same whether the system is operating with

a standby transmiftter or not.

The maintenance logs are generally consistent with the theoretical calculations.
The largest discrepancy was in the large number of outages attributed to the
peak detectors. Replacing the existing peak detectors with an improved design,
as discussed in Section 7, could result in a significant reduction in unsched-
uled outages. Further reduction in the number of outages could be made by
correcting the transmitter and localizer misalignment detector problems noted

in Section 7. These changes will result in a decreased shutdown probability,

but will not appreciably affect the hazardous signal probability.
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APPENDIX A

LOCALIZER SUBASSEMBLY FAILURE MODES AND RATES

NOTE: In the failure analysis tables a single asterisk super-
script ()\ﬁ ) indicates that the failure rate for that failure
mode is different from the corresponding value for the CAT. III
system as given in Ref. 3. A double asterisk superscript (\'y )
indicates a completely new failure mode. All other failure rates
are from Ref. 3.
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TABLE A,

LocAL1zER FAILURE ANALYSIS

PAGE 1 oF 15

IDENTIFICATION
FATLURE
ITEM 1.0, FATLURE FAILURE RATE PEMARKS
NAME No. FuncTron MoDE EFFECT (Ax10%)
. . )\* is the
Control Unit 01 The control unit pro- | Generation [Causes a transfer 3.18 1A1 fail &
cesses alarms received | of an er- |to standby. )\* ailure rate
from the monitor chan- | roneous 1A1 | for parts allow-
nels, providing signals| transfer * ing a spontaneous
to transfer main to signal. ()\1A2= transfer to stand-
standby, to shut down 1.829) by transmitter. .
both transmitters, or * )\* is the
to indicate a monitor 1A2 failure rate ?
mismatch. In addition, £ ts which
the control unit gene- or 23:15 v ;cth ¢
rates inhibit signals, ca: 2Sfesu$ 3
displays both locally :nd': er;isii:a e
and remotely transmit- transfgr Si nalg
ter status, and display§ will cause ghut-
various power/tempera- down =
ture alarm conditions :
for both the main shel-
ter and far field moni-| Generation | Causes immediate 2.98
tor.. Operational fea- of an system shutdown. )\*
tures, such as bypass erroneous 18
of monitors, main unit | shutdown
select, memorization of | signal due
alarms are also to alarm
associated with the processing
control unit. circuitry.
Inability |Monitoring of 2.870 * .
to process | the integral A >\H)l ::t:h:o:a';:;:
a transfer [ course, sensiti- ID allowing fault psi -
signal. vity, I.D., and/ | ()\* nal to gersisty 9
or clearance is D1 - ¢
virtually ren- 1.140) )\IDZ is the part of
dered useless. ()\* . *  including only
102 ID1 failures which
0.913) |would not result in
- (>\, an "ABN" or "MONITOR
03 = MISMATCH" indication.
*
1.730) | N[, is the failure
rate for parts
preventing transfer
and resulting in
shutdown upon at-
tempting transfer.
Inability Results in a 1.143
to process | loss of far A
a shutdown | field monitoring 1E
signal. capability.
Inability | Loss of remote 1.143 v
to process | recognition of )\*
any or all respective 1J
power/en~ alarm conditions [( \* _
vironmental J .
alarms, *
1E)
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TABLE A, LocALIZER FAILURE ANALYSIS

PAGE 7 oF 15

[DENTIFICATION
FAILURE
ITeEm I.D. FAILURE FATLURE RaTe REMARK
" N FUNCTION - Ay 10 ‘ S
AME 0. Mope EFFECT (Ax107)
Control Unit 01 Generation { The main trans- 1.039
(CONTINUED) of an erro-|mitter is shut N
neous con- |down for at M
trol signal|least 20 seconds,
that shuts |independent of
down the the persistence
main trans-{of the erroneous
mitting control signal.
unit.
Generation [ The monitor chan-| 0.232
of a con- |nels are inhibit- *
tinuous ed, and, hence, 1S
inhibit to |rendered totally
the monitor|useless. Although
channels. |[the inhibit does
not affect the
far field moni-
tor channels
from alarming,
the inhibit does
prevent the
alarm from being
processed in the
control unit.
Inability In another fai- 0.545
to process | lure occurs which| A*
a main in- |initiates a 17T
hibit to transfer, an
the monitor! immediate shut-
channels, down will occur
since the moni-
tors are not
inhibited during
the transition
period.
Loss of A1l control logic| 0.8
+12 volts |is rendered use- | A*
in control | less. Both trans- 1AA
unit power |mitters shutdown;
supply. monitor channels,
(Note: loss| however, are
of switched] inhibited and,
28v is also} hence, do not
included) |alarm.
g??g;?l:g 49 The combining circuits | Generation | Immediate shut- | 1.845
assembly of the far of a shut- | down of the *
field monitor processes | down signal{entire localizer 49E
the alarms of the moni- station.
tor channels, the DBC/DC
converters, the battery{Inability to| Loss of far field 1.630
charger and a tempera- |process a monitoring }\*
ture alarm. This pro- monitor capability. 49F
cessing includes the alarm.
time delavs necessary
for far field monitor
channel alarms.
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TABLE A, LOCALIZER FAILURE ANALYSIS
PAGE 3 ofF 15
IDENTIFICATION
FAILURE
r
ITem .0, EUNCT Lo FATLURE FATLURE géTE 6 PEMARKS
NAME No, ' Mope EFFECT (Ax10)
Combining 49 Inability |Effective loss off 0.022 This failure mode
Circuits to process |a far field * represents the
(CONTINUED) an alarm monitor channel. 49H failure of that
from a part of the alarm
single processing cir-
monitor cuitry which is
channel. duplicated for
each monitor
channel,
)\* represents
49F the failure
of that part of
the alarm pro-
cessing circuitry
which is common
to both,
Loss of dc | Immediate shut- 0.690
output vol-|down of the en- )\
tage on tire localizer 49M
+5y regula-{station, caused
tor. by the generation
of a shutdown
signal from the
far field
monitor.
[
|
!
J 1
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TABLE A, LocALIzZER FAILURE ANALYSIS
PAGE U4 oF 15
IDENTIFICATION
_ FAILURE
ITeEM 1.D FUNCTION FATLURE FAILURE RATE REMARKS
NAME No. MoDE EFFecT (Ax 109
Course Trans- 02 The course transmitter [Loss of all Loss of ID ra- [1.446 Transfer would
mitter (MAIN or delivers a VHF carrier |modulation, | diation and }\ not occur on
or STANDBY) 07 | to the course power warning signal NA failure of
(N) | amplifier. The carrier capability. = >\2A standby unit.
is also modulated in
the transmitter by the or>\7A NOTE:
1020 Hz ID tone and . .
also the low frequency y implies the
warning signal failure rate of
h 9 9 Loss of RF Loss of 7.150 each separate
(when necessary). carrier. course C+SB item identified
and SBO sig- NB in the "I.D. No."
nals. column,
Clearance 04 The clearance trans- Loss of all | Loss of 1,446 Trans fer would
Transmitter or mitter delivers a modulation. | Sidebands on >\ not occur on
(MAIN or clearance C+SB to the the C+SB signal NA failure of
STANDBY) 09 antennas via clear- standby unit.
2?:§u?l:tr1?ﬁt;gf Loss of RF Loss of clear- {7,150
dition QHF carrier carrier, ance C+SB and )\
> SBO si1gnals. NB
and +18 vdc are fed
directly to the
sideband generator
for the operation
of clearance SBO
signal.
Sideband 05 Provides clearance Loss of out-| Loss of 10,250 Transfer would
Generator SBO signal to the put signal. | clearance SBO )\ not occur on
{(MAIN or or sideband amplifier. signal. N failure of
STANDBY) 08 standby unit.
Modulator 03 Provides course Loss of Loss of 2,313 Trans fer would
(MAIN or VHF carrier am- Tow freq. the following )\ not occur on
STANDBY) °r | plitude modulated oscillator | system sig- NA failure of
08 by a 90 Hz and (14.4 xHz) nals: standby unit.
150 Hz signal, resulting 1. LF 90+150
CSE C+SB. It in loss of 2. SB in
provides the all 90 Hz clearance
course SBO signal; and 150 Hz C+SB
A LOW frequency modulation. | 3. LF 90-150
90+150 Hz signal 4, Clearance
which feeds the SBO
clearance trans- 5. Course SBO
mitter; and a 6. SB in
90-150 Hz signal course C+SB
feeding the
sideband gene- Loss of VHF | Loss of SB in | 0.413
rator, carrier to course C+SB N
digital signal & B
phasing ckts| course SBO
{to either | signal.
or both of
the 90 &
150 phase

shifters).




TABLE A,

LocaLIZER FAILURE ANALYSIS

PAGE 5 oF 15

IDENTIFICATION
- FAILURE
ITEM I.D. FUNCTION FAILURE FAILURE RATE ; REMARKS
Nve No. MoDE EFFeCT (Ax10°)
Modulator 03 Loss of 90 or {Qut of 1.453
. 150 dividers, |tolerance
(Continued) or synchroniza- |course and NC
08 tion circui- |clearance

try or 90/ C+SB and SBO
150 Hz shift |signals.
registers.
Loss of A/32 |Slight distor- |2.426 Not Hazardous.
driving sig- |tion of the A
nal to delay Jcourse C+SB ND
line (either fand SBO sig-
the 90 Hz or |nals.
150 Hz phase
shifter).
Loss of)\/16 Distortion 2.426 Not Hazardous.
driving sig- |[somewhat more )\N
nal to the than 32 £
delay lines of the course
(either the C+SB and

90Hz or 150 SBO signals.

Hz phase

shifter).

Loss of )\/8, Out of toler- | 12,832
ance course

Asa, 7\61' C+SB and Ay

)\/2 or /\/2 }|SBO0 signals.

signatl to

the delay

line. (either

the 90 Hz or

150 Hz phase

shifter).

Loss of +90, | Out of toler- | 1,302

-90, +150 or | ance course )\N
-150 Hz phase | C+SB and G
shifter RF SBO signals.

signal.

Loss of +90, | Out of toler- | 0.5234
-90, +150, ance SB80 bl
or -150 Hz signal. Gl
phase shift-

er RF signal.

Loss of ei- Out of toler- | 1,552
ther 90 Hz or| ance clear-

150 Hz sinu- | ance C+SB H
soidal signal| & SBO signals.

for clear-

ance trans-

mission.
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TABLE A, LocaLIzeER FAILURE ANALYSIS

PAGE 6 oF 15

IDENTIFICATION
FATLURE
ITeMm [.DJ . FATLURE FATLURE RATE ]
NAME No. UNCTION MoDE ErFECT (Ax10°) REMARKS
Modulator 03 Loss of 90+ | Loss of modulad 0,388
(Continued) or 150 Hz signa} tion for clgar-
ance transmit- 1
08 ter resulting
in SB loss of
clearance C+S8)
Loss of 90- | Loss of clear-| 0,756
150 Hz sig- | ance SBO sig- >\
nal nal NJ
Course Monitor | 35 |Provide monitoring Loss of Loss of 1 of 13.539 If another cor-
CHANNELS (1 or or of the course posi- monitoring 2 monitors. * responding moni-
2) (MAIN) tion (DDM), the % ability, Now dependent A tor alarm failure
36 moddlation (SDM), producing on remaining occurs in the
and the course RF alarms monitor for remaining monitor,
power level, system con- localizer will trans-
trol (trans- fer, then shut down.
mitter trans-
fer capability)
Loss of Loss of 1 of 5;62
monitoring 2 monitors. )\ If the .

Sys e same failure
ae;llz¥5 zogndizgggift Ng occurs in the remaining
ﬁo a]armg ig moni tor monitor, hazardous

: £ g Syste radiation will go
cg:trgi m undetected.
¢ (learance 43 |Provide monitoring Loss of Loss of 1 of 14;509 If another corres-
Monitor of the clearance monitoring 2 monitors. N §°Vd‘"9 monitor aiaru
CHANNELS o IpoM, % modulation, ability Now dependent NA failure occurs in the
(1 or 2) 44 {and clearance RF producing upon remain- remaining monitor,
power level. alarms. ing monitor localizer will trans=
for system fer, then shut down.
control.
Loss of Loss of 1 of 5;78 If the same failure
monitoring 2 monitors. >\ occurs in the remaining
ability Now dependent NB monitor, hazardous
producing upon remain- radiation will go
no alarm. ing monitor undetected.
for system
control.
I.D. Unit 06 |Provides a keyed Loss of ID Transfer to 3.949 Transfer would
(Main or 1020 Hz audio signal standby unit. )\ not occur on
Standby) Or lsignal (ID TONE) (audio) NA failure of
11 {to aircraft for standby unit.
runway & approach
identification.
Loss of code| Transfer to 13.134
or keying. standby unit. A
NB
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TABLE A,

LocaL1ZER FATLURE ANALYSIS

PAGE 7 ofF 15

IDENTIFICATION
: FATLURE
ITeEM [.0, FATLURE FATLURE RaTE PEMARKS
FuncTION : Ay108
NamMeE No. Mope EFFECT (Ax107)
Course Peak 20 The course peak detec- Total loss |Loss of input to 0.787
Detector tor receives a simula- | of output [monitor channels) >\
ted course position signal causing transfer, 20A
input signal. This (both AC then shutdown.
input signal is ob- and DC)
tained by a combination
of signals obtained by
proximity probes at the .
radiating antennas. The Incorrect | The monitor 0.386
{Tow) DC channels process
peak detector then : %?
. output the failure as 08
converts the RF signal . X :
: signal. being a drop in
into a low-frequency
: course RF power
signal, both DC and AC. A
. and an increase
The DC is representa- : .
: . in modulation
tive of the RF power; rcentage
the AC is the demodu- Eiusingagr;nsfer
1§ted 90/150/1020 Hz then shutdown.
signal.
Sensitivity| 23 The sensitivity peak Total loss | Loss of input 0.789
Peak detector receives a of output |signal to the )\
Detector simulated input signal,| signal sensitivity mo- 23A
representative of the {both AC nitor channels,
course width (displace-| and DC) causing transfer
ment sensitivity). This then shutdown.
input is obtained by a
combination of signals
obtained by proximity Incorrect | The monitor 0.386
probes at the radiating| (Tow) DC channels process N
antennas. The peak output the signal as 23B
detector converts the signal. being a drop in
RF signal into a low course RF power,
frequency signal, both an increase in
DC and AC. The DC is modulation per-
representative of the centage, and an
RF power; the AC is decrease in DDM,
the demodulated 90/150 causing transfer
Hz signal. then shutdown.
Clearance 26 The clearance peak Total Toss | Loss of input 0.789%
Peak detector receives a of output { signal to clear- )\
Detector simulated clearance signal ance monitors, 26A
input signal. This (both AC causing transfer
input signal is ob- and DC). then shutdown.
tained by a combination
gfoz‘ggiaspg2§?;$ig Incorrect | The monitor 0.386
(Tow) DC channels process
probes and a sampled output the failure as }\268
signal of clearance - . ;
. signal. being a drop in
C+SB and SBO. This RF clearance RF
input signal is con- A
verted to a low-frequ- power, an in
. crease in DDM,
ency signal, both AC & s
: causing transfer
DC. The DC is represen- then shutdown
tative of the clearance .
RF power; the AC is the
demodulated 90/150 Hz
clearance signal,
Sensitivity | 38 Provide monitoring of |L0SS Of mo-)Loss of 1 of 2 mop 3.596 |If another corres-
Monitor or the course width [DDM) nitoring a-Initors. Now depen ﬁA ponding monitor DDM
CHANNELS (1 39 * ‘I bility pro-ident on remaining failure occurs in
or 2)(MAIN) ducing monitor for sys- | remaining monitor,
alarms, tem control. transfer, then shut-

down will result.




TABLE A, locaL1zER FAILURE ANALYSIS
PAGE 8 oF 15
IDENTIFICATION FAILURE

11EM I.0. . FAILURE FAILURE RATE 5

NAME No, FUNCTION MoDE EFFeCT (Ax10”) Remarks
Sensitivity| 38 ioss of moni- |Loss of 1 of 2 3.12 Only DDM moni tor-
Monitor or toring ability|monitors. Now }\* ing circuitry
CHANNELS producing no |dependent on NB is critical.
(1 or 2) 39 alarms. remaining moni- same failure occurs in
{MAIN) tor for system the remaining monitor,
(CONTINUED) control. hazardous radiation will

go undetected.

Identifica~
tion Moni-
tor Assem-
bly (I.D.
Monitors
No. 1 or 2)

34

Each I.D. monitor re-
ceives its respective in-
put from the AGC outputs
of the integral course
position monitor chan-
nels. Each I.D. monitor
checks its input signal
for the presence of a
keyed (coded) audio
{1020 Hz) tone. An alarm
is produced whenever a
loss of audio or keying
exists over a definite
time interval.

Identifi-
cation

Moni tor
Assembly
(Regulator/
Alarm Logic

34

The I.D. monitor assem-
bly contains the two
I1.D. monitors. A common
voltage regulator (+12,
+15, -12V) supplies
power to both monitors.
Alarm logic is also con-
tained within this
assembly,

mediate trans-
fer and then a
shutdown.

Loss of moni- |Loss of 1 of 2 5.742 If another such
toring ability} I.D. monitors. {total) failure occurs
of one of the | Now dependent on| in the I.D.
main 1.D. remaining I.D. 34A1 = monitor, the
monitors, pro-{monitor for )\ system will
ducing an system control. 34A2 = | immediately
alarm, A transfer and
34A3 = | then shut down.
1.914
Loss of loss of 1 of 2 1.050 Not hazardous.
monitoring 1.D. monitors. )\ The 1.D. signal
ability of Now dependent 348 is assumed non-
one of the on remaining essential.
main 1.D. monitor for
monitors, pro-|system control.
ducing no
alarm,
loss of +12 A11 I.D. moni- 0.423 Not hazardous.
volts of tors are ren- )\ 1.D, signal
regulator. dered useless. 34E assured not
No alarms are critical.
produced and,
hence, opera-
tion continues.
I.D. signal
monitoring is
totally lost.
loss of +15 I1.D. alarm out- | 0.137
volts of puts go to a
regulator. "high" logic 34F
level. The con-
trol unit pro-
cesses this as
an immediate
transfer & then
a shutdown.
Loss of -12 Alarms on all 0.290
volts of 1.D. monitors
regulator. causing an im- 4G
mediate transfen
and then a
shutdown.
Alarm togic The control u- 0.262
causing a mainf nit processes
I1.D. alarm. this as an im- 34H

A-9

If the



TABLE A, LocaL1zeR FAILURE ANALYSIS
pace 9 ofF 15
IDENTIFICATION
FAILURE

[TEM [.D. . FAILURE FATLURE RATE .

NAME No. UNCTION MoDE EFFECT (AX10%) RemARKS
Identifica- 34 Alarm logic {Lloss of main 0.434 Not hazardous -
tion Monitor inhibiting | I.D. monitoring )\3 1.D. signal
Assembly the main ability. 41 assumed not
(Regulator/ 1.0. alarm. critical.

Alarm Logic)
(CONTINUED) Alarm logic |Shutdown of 0.172
inhibiting |standby trans- >\
the main mitting unit, 34J
I.D. alarm.
Alarm logic |Loss of standby | 0.242 Hazardous '>\34K
inhibiting |I.D. monitoring . -
the standby |ability. A3a }z similar to
1.D. alarm, 34D
Alarm logic [ No serious ef- 0.160 Not hazardous.
causing a fect on system. | X
mismatch. 34L
Changeover 12 The changeover and test [ Inability to[Any failure on 0.221 Essentially ren-

ders the standby

changeover |the main unit,
unit useless.

circuits provide the au-
transmitting]which should 12A

tomatic changeover capa-

and Test Cir-
cuits (Peak

Detectors bility for the redundant {units by only generate
Excluded) transmitting units, It switching a changeover to
selects upon command circuitry. |standby, will
from the control unit result in a
which transmitting unit system shutdown.
radiate:. into the an-
tennas and which unit Premature If in MAIN, a 0.134 Essentially ren-

ders either the

operates into dummy loads|transfer of |transfer to
main or standby

transmitting|STANDBY will 128

units to occur; if in transmitter
antennas by |STANDBY, a transt useless.
switching fer to OFF will
circuity. occur. This is

due to a momen-

tary loss of

signal.
Total loss {Alarms on moni- 0.065
(or incor= {tor channels N

rect phasingjinitiate a transs 12D
of course fer to standby
SBO signal |and system

of the main joperates on
transmitting|standby.

unit,




TABLE A,

LocALIZER FAILURE ANALYSIS

pase 10 oF 15

IDENTIFICATION
_ FAILURE
[TEM [.D, FATLURE FATLURE RATE
' \ 6 REMARKS
NAME No. Funcrron MopE EFFecT (Ax10°)
Changeover & | 12 Total loss Alarms on the | 0.070

Test Circuits
(CONTINUED)

(or incorrect
phasing) of
clearance SBO
signal of the
main trans-

mitting unit.

clearance mon-
itors initiate
a transfer to
standby & sys-
tem operates
on standby.

Nz

Course Distri< 13
bution Cir-

cuits

The course distribution
circuit distribute the

course C+SB & SBO signals
to the antennas.

Clearance 14
Distribution

Circuits

The clearance distribu-
tion circuits route and
distribute the clearance
C+SB & SBO signals to
the antennas,

Lloss of any | Immediate 2.417 )\ includes both
one or all of| shutdown after }ﬁ 12F
CSE C+SB, CSE|an automatic 2F the course and
$B0, CL C+SB,| transfer. (Total) ;c1earance failure
CL SBO, (to ! %\ ‘rates.
main trans- bIM2F
mitter) i=1/2
|
: }\IZF
=1.209 |
|

A total loss | Since a fai- 0.961 !Since any signal
of signal forf lure of this %\ degradation suf-
any signal type is inde- 13 ficient to be "out
path; incor- | pendent of the of tolerance" has
rect phasing | transmitting the same net ef-
of either of {unit, an im- fect, all possible
the radiated | mediate shut- failure modes may
signalsi dis-| down after an be treated on an
tortion suf- i automatic aggregate basis.
ficient to transfer will
cause monitor| result.
alarms.
Loss of SBO. | Immediate 0.229

shutdown after| )\**

transfer. 13A
A loss {or Upon failure, | 0.194 SDM,DDM and/or RF

major distor-
tion) of sig-
nal for any
clearance
signal path,

an immediate
transfer fol-
lowed by an
immediate
shutdown will
occur.

Ne

alarms on the mo-

nitors are depen-

dent upon specific
failure character-
istics.

Battery 15

Charger

The battery charger sup-
plies all the dc power
to all the equipment of
the localizer station.
(The far field monitor
has its own power source
In addition to supplying
the power to the electro4
nic equipment, the bat-
tery charger ensures
that a full charge is
constantly maintained on

Loss of
charger out-
put voltage.
(Note: the
nominal out-
put voltage
is 30 volts
DC)

both batteries,

System will
operate 3 hrs
on batteries
after charger
failure.

10.477

A




TABLE A,

LocALIZER FAILURE ANALYSIS

pace 11 oF 15

IDENTIFICATION
FAILURE

ITEM [.D. FATLURE FAILURE RATE ; .

NaME No. FuncTIoN MODE ErFeCT (Ax10) HEMARKS
Battery 15 In the event of a primary [Charger fai< No immediate 0.801 Not hazardous;
Charger power failure, the two lure indica-{ effect on sys- }\ both transmitters
(CONTINUED) batteries (in parallel) sup-tion only tem operation. NB still available

ply the necessary dc power. while out- after downgrade.
put voltage
ﬁ: still
intained
bn charger.
Loss of No immediate 6.436 Not hazardous;
equalize effect on a total discharge
voltage ca- | system NC of the batteries
bability, operation. can occur only
pither man- after the system
bal and/or is operated on
putomatic. batteries for
Note: the some extended
equalize period of time
voltage is (greater than
a nominal three hrs}). System
33 volts operation on bat-
dc, thus teries is a result
providing of either primary
a "hard power supply failure
charge" to or a failure of
the bat- <harger,
teries.

DC/DC 17 Each of the DC/DC conver- Loss of any| Station main- 6.598 To result in a

Converter ters transforms the +30 one or all | tains normal )\ station shutdown,

(No. 1 or 2) |°F volts nominal input voltage|the fol- operation on N both converters

18 to three different output |lowing remaining con- Pust fail.
voltages: +5, 5v, -18v, & |voltages: |verter voltagesi i
-50v. The output voltages |+5,5v, -18v|,Each of the
of each converter are res- |-50v,. converter vol-
pectively used in parallel tages is
and feed both modulators in sensed in the
the system, control unit
for abnormal
tolerances.

Temp Sensors {19 The temperature sensors Failure [mmediate shut-| 0.100 : Temperature alarm
provide alarm indications |producing | down of local- ;is optional for
whenever the temperature an alarm jzer station. 19A « CAT. II.
exceeds or drops below indication.
preset limits. These limits
are set to give indication
of air conditioner/heater
failures.

Failure There are 2 sent 0,100 Not hazardous.
producing |[sors(thermocou- A If temperature
no alarm ples}-one for 198 affects system

indication.

high temps &
one for low.
A failure of

this type in

operation, other

A-12

alarms will occur.
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LocALIZER FAILURE ANALYSIS

pacE 12 oF 15

=
IDENTIFICATION
FalLure
ITem [.D, FAILURE FAILURE RATE
NaME No., FuncTIoN MoDE EFFeCT (Ax10) REMARKS
Temp Sensors; 19 Failure one of the sen-;
(CONTINUED) producing  |sors does not !
:no alarm affect the ope- .
. indication. 'ration of the
i (CONTINUED) ‘other. Hence, E
X ‘the only effect"
iis the loss of '
temp. monitor-
'ing ability for
‘only one temp.
‘extreme (high
or Tow).
DC/DC Conver- 51 Each of the DC/DC conver- Loss of -18v!5ystem maintains 2.412 ‘
ter (No, 1 ters of the far field output. ioperation on
or No. 2) or monitor provides -18v, jremaining con- NA
(FFM) 52 used in the monitor chan- iverter. If the
nels and the receivers. remaining con-
They are in parallel and lverter also
jsolated by diodes. Ifails, the
Nocalizer sta-
, 'tion will shut
, 'down, due to
: onitor channel’
| F]arms. ‘
" Generation LﬁAbnorma]"indi-‘ 0.050 Not hazardous;
. of an erro- | cation at N both converters
! ! neous con- remote control . ° "NB still operational
‘ . verter fail ! panel.
i “alarm.
i
Battery l 50 The battery charger sup- ' Loss of +24 [System maintaing 5.790
Charger [ plies +24 volts to each . volts output.pperation on N
; of the units at the far | far field moni-: " '50A
: field monitor - the two ttor battery. !
converters, the three
receivers and their res- | "Low voltage"If another fai-' 0.519 Note failure mode

pective monitor channels,
and the combining circuits
assembly. The battery
charger also keeps a full
charge on the battery at
all times.

battery dis-

Ture of the bat- A

has the same effect

connect cir- tery charger 508 as an ffm battery
cuit failure,causing loss of " failure.
disconnecting+24 v occurs,im=

the battery mediate shutdown

from the loadbf the localizer

Etation will {

i result.
f
. Loss of Does not af- 0.318 Not hazardous.
iequalize fect system "Nuick charge" ca-
 charge capa- {operation. A 50C pability does not
| bility after trickle charge directly affect
ia power out- |will still be honitoring

age. applied to the performance.

battery.

Generation of| "Abnormal" 0.126 Not hazardous; far
an erroneous | indicatfon at 50D field monitoring

charger fail
alarm.

remote control
panel.

not affected.




TABLE A.

LocaL1zER FAILURE ANALYSIS

pace 13 ofF 15

IDENTIFICATION
FATLURE
R
[TEM [.D. CUNCTION FAILURE FAILURE RATE ; REMARKS
NAME No, | ' MoDE EFFeECT (AX107)
I
Battery 50 Continuous Far field mo- | 7.658 Not hazardous; pre-
Charger equalize nitor maintains N ventive mainte-
(CONTINUED) voltage onlyinormal opera- 50E nance required for
tion at a battery check.
;slightly high-
‘er supply
! voltage.
‘, ;
Receiver 53 iEach of the far field mon- | Total loss Loss of the in{ 6.879 The SDM strap
No. 1 or {itor receivers receives a of output ‘put signal to >\ option provided
No., 2 or Tow level rf input signal signal or  ithe correspond{ ‘N remote recognition
i 54 jand converts it to the ILS |any major iing far field of failure.
laudio and dc signal which is|signal jmonitor chan-
lthen the input to the res- |distortion. nel will pro~
ipective monitor channel. +duce a FFM
‘The DDM of the audio signal monitor mis-
i s representative of the .match. Loss of
\ ifar field course position. ‘1 of 2 FPM
| i monitors. Now
| i 'dependent on
| ‘remaining
‘ imonitor for
szstem opera-
‘ 1t1’on.
Monitor i 56 ; To provide monitoring of Loss of ‘Loss of 1 of 0.825
Channels i the course position in the [monitoring 2 monitors. %\
No. 1 or 2 ; or . far field region of the ability. Now dependent NA
' 57 S runway. jon remaining
! | jmoni tor .
i Loss of lLoss of 1 of 2| 11.099
i monitoring 'monitors. Now }\
' ability, pro-dependent on NB
2 ducin? lremaining moni
i ODM alarm. itor for system|
| |operation. ’
Loss of moni4loss of I of 2| 4.422
| toring abi- |monitor voting N
; lity produc- jcapability. NC
i ing nc alarm Now dependent
! fon remaining |
| monitor for ;
§ f far field | y
! imonitoring. ! L
Temp. 59 Monitors the temperature Generation 0# "Abnormal" 0.050 !Not hazardous; far
Sensor of the FFM for out of an erroneous | indication at| A field monitoring
tolerance conditions. temp. alarm. | remote con- 594 |still available
trol panel.
Inability to | Loss of temp. 0.050 |Not hazardous; if
produce a monitoring temperature affects
! temp. alarm. | ability with- 598 monitoring, alarms

i out recogni-~
tion.

will ogqur.

A-14



TABLE A, LocaLizer FAILURE ANALYSIS
pace 14 oF 15
IDENTIFICATION FAILURE
[TEM [.D. - FAILURE FAILURE RATE ] ;
NAME No. rUNCTION Mo EFFecT (Ax10°) EMARKS
Course Power| 60 Deliver an amplified UHF |Loss of RF Loss of coursel 4.727
Amplifier or carrier to the modulator. [carrier. C+S8 and SBO )\
61 The carrier is modulated kignals. N
in the transmitter by the
1020 Hz I.D. tone and the
low frequency warning
Isignal.
Course Power| 62 Provides 1020 Hz modulat- Loss of +20 poss of course] 9.984
Amplifier or ed +20 volts to course volts. C+S8 and SBO >\
Power Supply| 63 power amplifier, kignals, NA
Loss of all Loss of 1.D. | 0.493
modulation. radiation andl )\
warning sig- ‘NB
nal capabi-
Tity.
Sideband 64 Provides clearance SBO Loss of out- | Lloss of 2.631
Amplifier or signal to the sideband put signal. clearance >\
65 amplifier. SBO signal. N
Course Re- 66 Constructs the signals Failure caus- | Upon failure,| 1.116 Since any signal
Combination used for monitoring ing a Toss (or{ an immediate degradation suf-
Circuits course position, ccurse incorrect) of | trans fer 66 ficient to be out
width, percent modulation| signal to the | followed by of tolerance has
and RF power. on course or |an immediate the same net ef-
course sensi- | shutdown will fect, all possible
tivity moni- | occur. failure modes may
tors. be treated on an
aggregate basis.
Clearance Re4 67 Constructs the signals Failure caus- | Upon failure,| 0.311 SOM, DDM, and/or
Combination for monitoring the ing a loss (orl an immediate >\ RF alarms on the
Circuits clearance DDM, percent incorrect) transfer 67 monitors are de-
modulation, and RF power.| signal to the | followed by pendent on speci-
clearance an immediate fic failure
monitors. shutdown will characteristics.
occur.
Course An- 68 Radiate the course Failure caus- { Upon failure,| 1.347
tenna Array position signal. ing a loss an immediate | X\
{or incorrect)} transfer 68
signal to the | followed by

course moni-
tors.

an immediate
shutdown will
occur.




TABLE A, LocALizeR FAILURE 4NALYSIS
pasE 15 oF 1
[DENTIFICATION
FarLure
ITeEM 1.D, - FAILURE FAILURE RATE ; b
NAME No., TUNCTION MoDE EeFeCT (Ax10%) FEMARKS
Clearance 69 Radiates the clearance |Failure caustUpon failure, 0.615
Antenna signals. a loss (or |an immediate
Array incorrect) |{transfer fol- 69
signal to lowed by an
the clear- immediate shut-

ance monitor

down will occur




APPENDIX B

GLIDESLOPE SUBASSEMBLY FAILURE MODES AND RATES

NOTE: In the failure analysis tables a single asterisk super-
script ()\; )} indicates that the failure rate for that failure
mode is different from the corresponding value for the CAT. III
system as given in Ref. 3. A double asterisk superscript (}\;*)
indicates a completely new failure mode. All other failure rates
are from Ref. 3.
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TABLE B, GLIDESLoOPE FAILURE ANALYSIS

paGE 1 oF 11

[DENTIFICATION
FAILURE
1TEM 1.D, FAILURE FAILURE RATE ¢
NAME NO. FUNCTION MODE EFFECT (Ax10%)]  REMARKS
P
Control Unit 01 The control unit processes | Generation |Causes a 3.1% )\1A11s the
alarms received from the of an transfer to )\* failure rate
monitor channels, providing| erroneous standby. 1A1 for parts
signals to transfer main transfer ()\* - allowing a
to standby, to shut down signal. 1A2 spontaneous
both transmitters, or to 1.829) trans fer to

indicate a monitor mis-

match. In addition, the ;:iggsy trans
control unit generates * is the
inhibit signals, displays )\IAZ failure
both locally and remotely rate for parts
transmitter status, and which can fail
displays various power/ such that a
temperature alarm condi-
tions. Operational fea-
tures, such as bypass of
monitors, main unit se-

transfer is
made & a per-
sisting trans-

lect, and memorization of :?;1S;g::l
alarms are also associated shutdown
with the control unit. )

Generation | Immediate 2.982

of an system shut- )\*

erroneous | down. 1B

shutdown

signal due

to alarm

processing
circuitry.

Inability to| Monitoring of 2.870 AY is the fai-
process a the integral * 101 Ture rate

trans fer course, sensi- D for parts allow-
signal. tivity, 1.D., [ (N\* = ing faulty signal
and/or clea- D1 to persist.
rance is 1.140) P
virtually ()\* = >\1 1so';he*part
rendered 102 Dl
useless. 0.913) including only
(\* = failures which
D3 would not re-

sult in an "ABN"
or "MONITOR MIS-
MATCH" indication.

* is the

D3  failure
rate for parts
preventing trans-
fer & resulting
in shutdown upon
attempting trans-
fer.

Inability Loss of remote 1.143
to process |recognition of )\*

any or all respective 1J
power/envi- |alarm condi-

ronmental tions,

alarms.




TABLE 8,

GLIDESLOPE SAILURE ANALYSIS

pace 2 oF 11

IDENTIFICATION
FAILURE
ITEM 1.D. FAILURE FALLURE RATE
NAME NO, FUNCTTON MODE EFFECT (Ax10%)|  REMARKS
Control Unit | 01 Generation | The main transt 1.039
(CONTINUED) of an erro- {mitter is shut \\*
neous con- {down for at “TIM
trol signal | least 20 sec.
that shuts | independent
down the of the persis-
main trans- | tence of the
mitting uniti erroneous
control signal
Generation | The monitor 0,232
of a con- channels are >\*
tinuous in- | inhibited and, 15
hibit to hence, ren-
the monitor | dered totally
channels. useless.
Inability tof [f another 0.545
process a failure accurs N
main inhibitl which initi- 1T
to the ates a trans-
monitor fer, an
channels. immediate
shutdown will
occur since
the monitors
are not inhi-
bited during
the transition
period.
Loss of +12 | A11 control 0.88
volts in logic is A
control rendered use- AA
unit power | less, Bath
supply. transmitters
(Note: loss | shut down;

of switched
28v is also
included. )

monitor chan-
nels, however,
are inhibited
and, hence,

do not alarm.
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GLIDESLOPE FAILURE ANALYSIS

PAGE 3 oF 11

[DENTIFICATION

FAILURE
[TEM [.D, . Fa1LuRE FAILURE RATE 5 "
Name No. UNCT ION MoDE EFFECT (AX 10 EMARKS
Control
Unit 01 Inability to |Loss of near 0.262
(CONT.) process near |field moni-

field monitor
alarms in
delay circuit
cards.

toring capa-
city.

e
>\1X

Inability to
process a
monitor mis-
match condi-
tion, failing
to generate
an "abnormal"
indication

at the remote
control panel

No remote in-
dication of a
monitor mis-
match condi-
tion.

2.043
*

*
>\1Y

Inability to
process an
antenna mis-
alignment
alarm, fail-
ing to gene-
rate an "ab-
normal" indi-
caticn at the
remote con-
trol panel.

No remote
indication of
an antenna

misalignment.

0.908

*h
)\12

3-4

s



TABLE B,

GLIDESLOPE FAILURE ANALYSIS

PAGE U oF 11
IDENTIFICATION
: FAILURE
ITEM 1.D, FATLURE FATLURE RATE
NAME NO. FUNCTION MODE EFFECT (Ax10%) REMARKS
Course Trans{ 02 The course transmitter in|Loss or de- |Loss of all 6.734 |Transfer would
mitter (MAIN | or conjunction with the 10 |gradation of [course signal A not occur on
or STANDBY) | 06 watt amplifier delivers |UHF carrier. |radiation, N failure of stand-
(N) |a UHF carrier to the affecting the by unit.
modulator. entire glide- J
path angle and
width.
Clearance 04 The clearance transmitter|Loss or Loss of clear-| 1.914 Transfer would
Transmitter or supplies a UHF carrier degradation |ance coverage A not occur on
(MAIN or 08 modulated at 150 Hz which|of the 150 Hz|of approach NA failure of stand-
STANDBY) is used to ensure low modulation. |angle. (Pure by unit.
approach angle coverage, carrier radia-
ted).
Loss or Loss of clear-{ 6.734
degredation {coverage of )\
of UHF car- Japproach NB
rier. angle.
10 Watt Am- 05 the 10 watt amplifier Loss or Loss of all 0.686 Transfer would not
plifier (MAIN| or merely amplifies the degradation |course signal >\ occur on failure
or STANDBY) 09 course UHF carrier. of UHF radiation. N of stand-by unit.
carrier,
Modulator 03 Provides course UHF Loss of low |[Loss of the 2.613 Transfer would
(MAIN or or carrier amplitude modu- | frequency os-|following sys- )\ not occur on
STANDBY) 07 lated by a 90Hz and cillator tem signals: NA failure of stand-
150 Hz signal, CSE C+SB. | (14.4 kHz) 1. LF 150 by unit.
{t provides the course resulting in [2. SB in clea-
SB0O signal; a low fre- loss of all rance C+SB
quency 150 Hz signal 90Hz and 3. Course SBO
which feeds the clearance|150 Hz modu- [4. SB in
transmitter. (Two freg- |lation. course C+SB
uency glideslope only:
no clearance signal from |lLoss of UHF |Loss of SB in 0.427
the one frequency glide- |carrier to course C+SB N
slope). digital phas-|signal and NB
ing ckts. {to|course SBO
either or signal.
both of the
90 and 150
phase shif-
ter)
Loss of 90 or|out of tole- 1.453
150 Hz divi- {rance course A
ders, syn- C+SB and SBO, NC

chronization
circuitry or
90/150 Hz
shift regis-
ters.

and, for two
frequency
glideslope,
clearance C+SB
signals,




TABLE 3, GLIDESLOPE FAILURE ANALYSIS

PAGE 5 oF 11
IDENTIFICATION FAILURE
ITEM 1.D. FAILURE FAILURE RATE ]
NAME NO. FUNCTION MODE EFFECT (AX10° REMARKS
?odu]ator 03 Loss of)\32 Slight dis- 2,426 |Not hazardous.
MAIN or or .. L tortion of
STANDBY) 07 driving S}?“g‘ the course ND N
(CONTINUED) (°. ay '1n€ 1c+sB and SBO
either the sianals
90Hz or 150 Hz|S'9na!s.
phase shifter)
[ %3
Loss of)\16 Distortion 2.426 |Not hazardous.

driving signal

somewhat more

to the delay than 32Of NE
lines (either |the course
the 90 Hz or [C+SB and S80
150 Hz phase |signals.
shifters).
Out of toler-
5§fs7sf>>§, Qut of loler=| 12.832
AL, [css and sBo | A
4 2 signals NF
or signal 9 :
to the delay
line, (either
the 90 Hz or
150 Hz phase
shifters)
Loss of +90, |Out of toler-| 1.302
-90, +150, or lance C+SB A
-150 Hz phase |signal. NG
shifter RF
signal.
Loss of +90, |Out of toler-| 0.5234
-90, +150, or {ance SBO faad
-150 Hz phase [signal. NG1
shifter RF
signal.
Loss of the Out of toler-] 1,176 |The one frequency
150 Hz sinu- |ance clear- >\ glideslope does not
soidal signal |ance C+SB NH radiate a clearance
for clearance |signal. signal.
transmission.
Course Moni- 34 Provide monitoring of Loss of moni- {Loss of 1 of 12;918 If another corresp-
tor Channels or the course position path|toring ability|2 monitors. )\ onding monitor
(1 or 2) 35 angle (DDM), the % modu-|producing Now dependent NA alarm failure occur-
(MAIN) lation (SDM) and the alarms. on remaining red in the remaining
course UHF power level, monitor for monitor, glideslope
system con- #ill transfer, then
trol, shutdown.
Loss of moni- |Loss of 1 of | 5.065 If the same failure
toring ability|2 monitors. >: occurs in the remaining
producing Now dependent NB monitor, hazardous
no alarms. on remaining radiation will go

monitor for
system con-
trol.

undetected.
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GLIDESLOPE FAILURE ANALYSIS

PAGE € oF 11

IDEN
TIFICATIONY FAILURE
ITEM 1.,D, FAILURE FAILURE RATE
NAME NO. FUNCTION MODE EFFECT (Ax10%)|"  REMARKS
Sensitivity 37 Provide monitoring of Loss of moni-{ Loss of 1 of 9.596 If another corres-
Monitor or the course width (DDM) ftoring abi- |2 monitors. N ponding DDM failure
Channels 38 lity produc- | Now dependent NA occurs in the re-
(1 or 2) ing alarms. | on remaining maining monitor,
(MAIN) monitor for glideslope will
system control transfer, then
shutdown.
Loss of toss of 1 of 3.121 If the same failure
monitoring |2 monitors. 2\* occurs in the re-
ability Now dependent NB maining monitor,
producing on remaining hazardous radiation
no alarms. | monitor for will go undetected.
system control
If another corres-
Near Field 43 Provide monitoring of Loss of mo- | Loss of 1 of 11.099 ponding monitor alarm
Monitor or the near field course nitoring 2 monitors, A failure occurred in
Channels 1 44 position path angle (DDM) ability Now dependent NA the remaining monitor,
or 2 producing on remaining immediate ‘glideslope
alarm. monitor for shutdown will result.
system control
Loss of mo- | Loss of 1 of 3.822 If the same failure
nitoring 2 monitors. N occurs in the re-
ability Now dependent NB maining monitor,
producing | on remaining hazardous radiation
no alarm. monitor for will go undetected.
system control
Clearance 40 Provide monitoring of Loss of mo- | Loss of 1 of 13,273 If another cor-
Monitor or of the clearance DDM, % | nitoring 2 monitors. %f responding moni-
(Channels 41 modulation, and clear- ability pro< Now dependent NA tor alarm failure
1 or 2) ance UHF power Tlevel. ducing a]arA on remaining occurred in the
(MAIN) (Two frequence glideslope monitor for glideslope will
only. No clearance system control transfer, then
signal from the one shutdown.
frequency glideslope).
Loss of mo-| Loss of 1 of 5.077 If the same failure
nitoring 2 monitors. N occurs in the re-
ability Now dependent NB maining monitor,
producing on remaining hazardous radiation
no alarm. monitor for will go undetected.
system control
Near Field 28 The near field peak de- | Loss of Loss of the 1.115
Peak Detector tector receives its in- | detected input signal A
put signal from a near output sig-| to the near 28
field antenna. The nal. field monitor
received RF signal is channels,
representative of the causing a
course alignment. The shutdown.
peak detector then con-
verts to the RF signal
into a low-frequency sig-
nal, both DC & AC. The
DC is representative of
the course RF power; the
AC is the demodulated
90/150 Hz course signals.
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TABLE D,

GLIDESLOPE FAILURE ANALYSIS

paGE 7 oF 11

[DENTIFICATION
FAILURE
ITEM 1.D, FAILURE FAILURE RATE 6
NAME NO. FUNCTION MODE EFFECT (Ax10°)]  REMARKS
Course Peak 19 The course peak detector Loss of Loss of input | 1.115
Detector receives a simulated detected to monitor >\
course position input sig- | output chanpels, 20A
nal. This input signal is | signal. causing trans-
obtained by a combination fer, then
of signals obtained by shutdown.
proximity probes at the
radiating antennas, The
peak detector then converts
the RF signal into a Tow
frequency signal, both DC
and AC, The DC is repre-
sentative of the RF power;
the AC is the demodulated
90/150 Hz signal.
Sensitivity | 22 The sensitivity peak Loss of Loss of input {1,115
Peak detector receives a simu- |detected signal to the )\
Detector lated input signal, repre- | output sensitivity 22
sentative of the course signal. monitor
width (displacement sensi- channels,
tivity). This input is causing trans-
obtained by a combination fer, then
of signals obtained by shutdown.
proximity probes at the
radiating antennas. The
peak detector converts the
RF signal into a Tow-
frequency signal, both DC
and AC. The DC is repre-
sentative of the RF power;
the AC is the demodulated
90/150 Hz signal.
Clearance 25 The clearance peak detec- | Loss of Loss of input {1,115
Peak tor receives a simulated detected signal to N
Detector clearance input signal. output clearance 25
This input signal is ob- signal. monitors,
tained by a combination of causing trans-
signals obtained from both fer, then
proximity probes and a shutdown,

sampled signal of clearance
C+SB and SBO. This RF
input signal is converted
to a low frequency signal,
both AC and DC. The OC

is representative of the
clearance RF power; the

AC is the demodulated
90/150 Hz clearance signal.
(Two frequency glideslope
only. No clearance signal
from the one frequency
glideslope).
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TABLE B, GLIDESLOPE FAILURE ANALYSIS
PAGE S ofF 11
IDENTIFICATION
FAILURE
ITEM ID. FAILURE FAILURE RATE 6
NAME NO. FUNCTION MODF EFFECT (Ax10°)|  REMARKS
Changeover 10 The changeover and test Inabitity Any failure 0.221 Essentially
and Test circuits provide the auto- |to change- on the main )\ renders the
Circuits matic changeover capabilitylover trans- |unit, which 10A standby unit
(Peak De- for the redundant trans- mitting should only useless.
tector mitting units. It selects |units by generate a
Excluded) upon command from the switching changeover to
control unit which trans- |circuits. STANDBY, will
mitting unit radiates into result in a
the antennas. system
shutdown.
Premature If in MAIN, a 0.134 Essentially
transfer of | transfer to >\ renders either
transmitting | STANDBY will 108 the Main or
units to occur; if in Standby trans-
antennas by (| STANDBY, a mitters useless.
switching transfer to
circuits. OFF will oc~
cur. This is
due to momen-
tary loss of
signal.
Total loss Alarms on 0.2750 o
(or incor- | monitor chan- *x }\100 0.2851
rect phasing] nels initiate 0D for null refer-
of course a transfer tn | (2 freq. ence glideslope.
SBO signal standby and or side
of the main | system oper- | band ref.)
unit. ates on
standby.
Loss of any | Immodiate 1.951

one or all shutdown after )\
of: CSE C+SBJ an automatic 10E
CSE SBO, CL | transfer, =
C+SB, (to NoE1
main trans- 0.466
mitter). (Each pin
(No CL in switch
one frequency circuit)
lideslope).
Distribution| 11 The UHF distribution cir- |A loss, Since a fai- 1.231 )\** is the
Circuits cuits combine and distributgdegradation | lure of this A 11A
(Antennas the CSE C+SB, CSE SBO, and {or incorrect{ type is inde- 11 ; failure rate for
Included) CL C+SB signals to the phasing of pendent of (2 freq.) ' degradation of
three 2-lambda antennas. any signal the transmit- ~ , SBO signal only.
(No CL signal from null feedings any| ting unit (>\11 =0,
reference or side band one of the (sigral paths lnyil ref.,
reference glideslope). three an- common to N, =0.635
tennas. both trans- 11 : ‘
mitters), an |side band |
immediate ref.) :
shutdown aften }\** B
an automatic 114 ~
transfer will| 0,0101 ‘

occur.
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TABLE 3B,

GLIDESLOPE FAILURE ANALYSIS

PAGE 9 oF 11
[DENTIFICATION
FAILURE
1TEM 1.D, FAILURE FAILURE RATE 6
NAME NO. FUNCTION MODE EFFECT (Ax10%)|  REMARKS
UHF Recom- 12 The UHF recombining cir- A loss, The actual 0.778
bining cuits, receiving input from{ degradation| field radia- >\
Circuits and proximity detector probes, | or incorrect] tion is unaf- 12
Probes (Peak combine the CSE C+SB, CSE phasing of | fected.
Detectors SBO and CL C+SB to provide [ an signal However, the
Excluded) inputs to monitors for feeding any | monitor chan-
monitoring the course posi-{ of the nels believe
tion, displacement sensi- monitors. an "out of
tivity and clearance tolerance"
radiation. (No CL signal condition
from one frequency glide- exists and
slope). initiate a
transfer;
since the
circuitry is
cammon to
both trans-
mitting units,
the monitors
will again
sense an "out
of tolerance"
condition and
initiate a
shutdown.
Near Field 18 Provides the input for the | A loss or The erroneous 0.098
Antenna and three near field monitors. | degradation| (or total >\
Power Split- of signal loss of) sig- 18
ter (Peak feeding the | nal is pro-
Detectors monitors. cessed as
Excluded) a near field
alarm,

resulting in
trans fer and
shutdown aften
the nominal
time delay.
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TABLE B, GLIDESLOPE “AILURE ANALYSIS

pacE 19 ofF 11

[DENTIFICATION
FAILURE
FAILURE FATLURE
ITEM 1.0, EUNCTION RATE REMARKS
NAME NO. MODE EFFECT ( Ax10
Battery 13 The battery charger supq Loss of System will 10.477 |Not hazardous;
Charger or plies all the electric | charge out-[operate 3 hours )\ redundancy of
14 power to all the equip~| put voltage |on batteries NA remaining char-
ment of the glideslope | (note: the jafter charger ger and the two
station. In addition, nominal failure. batteries provide
to supplying the power | output vol- negligible pro-
to the electronic tage is bability of
equipment, it ensures 30 volts station shutdown.
that a full charge is DC)
constantly maintained
on both batteries. Charger No immediate 0.801 Not hazardous;
. failure in-|effect on sys- ) both transmitters
In the event of a pri- 1 4ication tem operation. /\NB still available
mary power failure, 1 hit d
the two batteries only while after downgrade.
- output vol-
(in parallel) supply tage is
the necessary DC power.i 4311 main-
tained on
charger.
Loss of e- |No immedidte 6.436 |Not hazardous;
qualize effect on sys- >\ a total discharge
voltage ca-|tem operation. NC of the batteries
pability - can occur only
either man- after the system
ual and/or is operated on
automatic. batteries for
(note: the some extended
equalize period of time
voltage is (greater than 3
a nominal hrs). System
33 volts DC operation on bat-
thus pro- teries is a result
viding a of either primary
"hard power failure or
charge" to a charger failure.
the bat-
teries.
DC/DC Con- 15 Fach of the DC/DC con- Loss of any Station main- 5.598 | To result in a
verter or |verters transforms the | one or all tains normal A station shutdown,
No. 1 or 2 16 [+30 volts nominal input| of the fol- operation on N both converters
voltage to 3 different | lowing vol-| remaining con- must fail.
output voltages: +5.5V,| tages: verter voltageg
-18v, and -50V. The out~ +5.5V, -18yy Each of the
put voltages of each -50V. converter vol-
converter are respec- tages is
tively used in parallel sensed in the
and feed both modula- control unit
tors in the system. for abnormal
tolerances.
Temp Sensors{ 17 |The temperature sensors| Failure Immediate shutt 0.100 |Temperature alarm is
provide alarm indica- producing down of >\ optional for
tions whenever the an alarm glideslope 17A |CAT. I1
temperature exceeds or | indication. station,
drops below pre-set
1imits. These limits
are set to give indi-
cation of air-condi-
tioner/heater failures.




TABLE 3.

GLIDESLOPE FAILURE ANALYSIS

pace 11 orF 11

IDENTIFICATION

ITEM
NAME

I.D.
Nol

FUNCTION

FAILURE
MODE

FAILURE
EFFECT

FAILURE
RATE
(Ax10%)

REMARKS

Temp Sensors
(CONTINUED)

17

Failure pro-
ducing no
alarm indica-
tion.

There are two
sensors (thermo-
couples]~ one
for high temps
and one for

Tow temps. A
failure of this
type in one of
the sensors doeg
not affect the
operation of
the other.
Hence, the only
effect is the
loss of temp.
monitoring abi-
1ity for only
one temperature
extreme (high
or low).

0.100

A

178

Not hazardous;
if temperature
affects system
operation, other
alarms will
occur,

Misalignment
Detector

49

The misalignment de-
tector detects perma-
nent misalignment or
deformation of the
glideslope antenna
tower. A nominal 135
seconds delay is pro-
vided to process
alarms, since tower
vibrations and wind
loadings can occur.

Loss of align-
ment detection
producing an
alarm.

Frroneous shut-
down of the
glideslope
station.

4,915
49A

Loss of align-
ment detection
producing no
alarm.

Al though the
near field monit
tors detect
field radiation{
an erroneous
signal radia-
tion can still
exist since
tower misalign-
ment in the
hori zontal
plane chiefly
affects the
width of the
glide path
angle and the
clearance
radfation.

2.354
498
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LOCALIZER FAULTY SIGNAL AND SHUTDOWN
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TABLE C-1, LocaLIZER FAuLTY S1GNAL RADIATION PROBABILITIES

PAGE 1 oF 14

1. PROBABILITY OF THE RADIATION OF A FAULTY COURSE PoSITION DDM sSIGNAL
DUE TO EQUIPMENT FAILURE,

CALCULATION

PCSEDDM = (e X PINTCSE X PMONFF X PXHTRCSE ) +Pe

F
DDM DOM DELAY

WHERE
— Puon__ X Prwr it i
_ FF CSEpom PCF is a conditional factor, expressing

PCF - the fact that all DDM monitoring
must be lost before radiation of a
faulty DDM signal in order for
such a signal to be undetected.

P + (P XP )
XMTR MON INT
CSEppm FF CSEppm

= (A

DOM

o = MD™ e Ny oML Pryr is the probability of
CSE CSEDDM failure of course integral
monitoring circuitry
(hidden failure).

P
INT

2 1. .
P = (A e MDD+ (A" +2\* ) p is the probability of a hidden
MONce MON a9F 1€ MNce  failure in the far field DOM
X M monitoring circuitry.

is the probability

that an actual faulty
course DDM will be
radiated, with no other
parameters being
affected.

PXMTRCSE = >\XMTRCSE M PXMTRCSE
DDM DM DOM

Prar
= CSEpow -
FFoeLay Per is the probability that
+ Pyt DELAY an actual faulty course

P
XMTR N A
CSEDDM CSEDDM DDM will be radiated

within the 70-second delay

of the far field monitor

p alarms. If the far field
INT monitor is monitored in

X CSEppy 70 sec, the control tower,

M LT

X >\XMTR . 70 SEC.
CSEpom

MI = Preventive maintenance interval to check for hidden failures.
(One week (168 hours) is assumed).
= 2 - 1If landings are not allowed with monitor mismatch
M mismatch condition present (ABN light in tower).
= ] - Otherwise.
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TABLE C-1. LocaLizer FAULTY SiGNAL RADIATION PROBABILITIES

PAGE 2 oF 14

1. PROBABILITY OF THE RADIATION OF A FAULTY COURSE PoSITION DDM siGNAL
DUE TO EQUIPMENT FAILURE, (CONTINUED)

FA1LURe RaTe DaTta

>\M0NCSE = >\;53 = 5.8 x10°

A = A 4,22 X 10°°

MON 56C

FF

IF LANDINGS ARE NOT ALLOWED WITH “ABN” LIGHT ON:

>\Z9F = >\IE = 0; >\1MON = >\Ioz +>\Is = L0 x 10°°
OTHERWISE:

Ao = 163X 10°°

Ne = LIBX10% Ny = Ny # N = 137 X10°
AXMTRCSEDDM Ngg = 0413 x10°°

Ny =182 X10°

Nyg = LI2X10°
~ Npe = 0,070 X 10°°

Nppp = 1209 X 1078

N, = 0%lx10°

Neg = L37x10°

N, = 1813 X10°

DDM



TABLE C-

1., LocaLizer FAuLTY SiGNAL RADIATION PROBABILITIES

PAGE 3 oF 14

ll

PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION DDIM sSIGNAL
DUE TO EQUIPMENT FATLURE, ((CONTINUED)
IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH
CONDITION PRESENT:
Prwr,, = (5.6 X 107% <168 HRYZ + (1,140 X 10°°) « 168 HR )
DDM
= Lexn
Puon, . = (4,42 X 107 +168 HRY? = 55,19 X 1078 *
Pt = 1813 X107+ 168 HR = 30,46 X 10
CSEDDM
-4 -8
Per _ 1.2 X100 (55,19 X 10°%) -3.8 X 10
30,46 X100 + Q.2 x107% (55,19 X 10°%)
-4 . -6
. . Lo x LR X107 . 70/3504 « (18.13 X 107°K 7073y
DELAY 30,46 + 1.2 168 HR
= 4,667 X 1071
sy, = X 107812 X 107(55,19 X 10°%) (30,46 X 107%) + 4,667 X 107*€

= 112 X107%% 4,667 X 10°1° = u,667 X 10718

IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

P
INT

P
MON_

P
XMTR

= (5,62 X 107® « 168 HR) + (1.367 X 107°) + 168 HP
DOM "
= I1L74X10
= (W42 X107+ 168 HO + (1.63 X 1078 + 1,143 X 10°°) 168 HR
- oxw?
= 3,46 %10
Epom
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TABLE C-1. LocaL1zER FAULTY SIGNAL RADIATION PROBABILITIES

PAGE 4 oF 14

1. PROBABILITY OF THE RADIATION OF A FAULTY COURSE posITION DDM
SIGNAL DUE TO EQUIPMENT FAILURE, (CONTINUED)

_ -4 <4
Per = ULAXW0 DQBXI ) ___ - 46x10™

30,46 X 1077 + (11,74 X 100 12,00 X 1075

-t -16
Per g = 1667 X 10
Pese = (4,66 X 1079+ (1174 X 107%)+(12,08 X 107+ (30,46 X 107
DDM .
+ 14,66 X 1076
Pese,, = 203 X 1071
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TABLE C-1.

LocaL1zER FAULTY SIGNAL RADIATION PROBABILITIES

PAGE 5 oF 14

2. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION SDM siGNAL,

CF

is a conditional factor expressing
the fact that all monitoring which
will detect an SDM fault .

) must be lost before
SDM/SEN transmission of a
faulty SOM signal (Pyyre )

CSESDM

(Prnr

in order for such a
signal to be undetected.

PINT is the probability

SDM/SEN of a hidden failure
in the integral monitoring or
control unit such that a faulty
course SDM signal would be
undetected. This factor ex-
presses the fact that a faulty
course SDM signal would cause
alarms from both the course SDM
integral monitors and the sensi-
tivity integral monitors, which
share the same processing in the
control unit ( IMON)

is the probability
SDM that an actual faulty
course SDM signal
will be radiated, while no other
parameters are affected.

P
XMTR .

Preventive maintenance interval to check for hidden failures.

I1.E,, INCORRECT PERCENTAGE MODULATION,
CALCULATION
Pe = P XP XP
CSESDM CF INTSDM/SEN XMTRCSE
SDM
WHERE
p
_ INT
Per = SDM/SEN P
P P
XMTR INT
CSESDM SDM/SEN
MM MM
P = (N MDD e oM
INTS oM/SEN MONes >\M0NSEN
+ Npyox * MI
PXMTRCSE >\XMTRCSE - M
SDM SDM
M =
(One week - 168 hours - is assumed.)
? - If landings are not allowed with a monitor mismatch
M = condition present (ABN light in tower),

1 - Otherwise.
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TABLE C-1. LocALIZER FAULTY SIGNAL RADIATION PROBABILITIES

PAGE 6 oF 14

2, PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION SDM sIGNAL,
1.E., INCORRECT PERCENTAGE MODULATION, (CONTINUED)

Fa1LURE RATE DaTa

* * -6
>\M0NCSE = >\353 = >\353 = 5@ X10

‘ * * -6
>\MONSEN = >\38B = >\393 = 312X10

[F LANDINGS ARE NOT ALLOWED WITH "ABN” LIGHT ON:

Niwon = >\Im + >\;s = 110 x 10°°

OTHERWISE :
Amon = >\;Dl + >\IS = 1% X10°
MmCSEsm A3 = o.u13x10‘:
Asg = 132 X10
N1z = 000X 10°
Ao = L9 x 10
Az = 0.%1X10°
Nes = 1,37 x10°
x"”“‘cssm: 5.3 X 107

[F LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

= G.62 X108+ 168 HR)Z + (3,12 X 1075 « 168 HR)? + (1,140 X 10°° « 168 HR)
891 X107 +2./5X107 +1.2 X107 = 1.3 x 107"

Paarr = 530X10° 168HR = 80X 10™°
CSESDM

p
INTS ou/sEn
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TABLE C-1, LocaLizER FAULTY S1GNAL RADIATION PROBABILITIES

PAGE 7 oF 14

2, PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION SDM siGNAL,
1.E., INCORRECT PERCENTAGE MODULATION, (CONTINUED)

. 1®;
Per = = . 018
8,90 + 1.93
Pest = 0.178 +(L.93 X 107 (8,90 X 107%)
SOM
-8
Pese gy = 3:0R K10

[F LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Pt prsen = 52 X106 - 168 HR) + (3,12 X 107% - 163 HR)
+ (1,367 X 10°% + 168 HR)
= 9uy X107t +s2a X100t +2. X107t = 1. x 1073
_ -4
PX"TRCSESDM = 8,90 X 10
Per = _ 170 = 065
8.90+1/.0
Pese = 0.657+(170 X107 -89 X107 = 998X’
SOM
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TABLE C-1,

LocaL1zer FauLTy SiGNAL RADIATION PROBABILITIES

PAGE 8 oF 14

3.

PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT

To cOURSE RF POwER,

CALCULATION
Pese, = Per X PINTCSE K Pawre, o
_ RF RF
WHERE
PINTCSE
PCF = RF PCF is a conditional factor, express-
p +P ing the fact that RF monitoring
XMTRCSE INTCSE must be lost before radiation of
RF RF a faulty RF signal in order for
such a signal to be undetected,.
_ MM+ « MI! P is the probability of
PINTCSE = (>\M0NCSE' MD™ * Awon * M Tese . failure of course RF inte-
RF ral monitoring circuitry
hidden failure).
P = A o M P is the probability that
MRS E o XMTResE e MMTReSEqe an actual faulty signal
with respect to RF power
limit will be radiated,
with no other parameter
affected.
M[ = Maintenance Interval (168 hours assumed)
2 - If landings are not allowed with a monitor mismatch
M = condition present (ABN light in tower).
1 - oOtherwise.
FaILUuRe RATE DaTA
* -6
A = A = 56X10
MON e 358

[F LANDINGS ARE NOT ALLOWED WITH "ABM"” LIGHT ON:

*

>\1M0N = >\102 * >\15 = 1,140 X 10°°
OTHERWISE :

* * -6

Npon = “Nuor* Mg = L7 X 10

o
'
O



TABLE C-1, LlocaLizer FAULTY SiGNAL RADIATION PROBABILITIES

PAGE 9 oF 14

PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT
To CouRT RF power. (CONTINUED)

FaiLure RaTe Data (CONTINUED)

Nourg Nogg = 750X 107
“Ear A 4,727 X 10
60 =
Aoz = 9,98 X 10°°
N = 0413 % 10°°
Nse = L3 x10°
ANopp = L209x10°°
A3 = 0.%1x10°
-6
Neg = L7 X10
T
AXMTRCSERF = 27,09 X 10
Prure, = 209X 10168 HR = 45,51 X 107*
RF

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Pivr, = G2 X 1075+ 168 HR)? + (1,140 X 107° - 168 HR) = 1,2 X 107
RF

P = L9 =408 X107
15,51 + 1.9 |

Pese,. = (1,08 X 1092 X 0Hes.s51 X 107 = 3,553 X107

[F LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

P, = 5.2 X 1078+ 168 HR) + (1,367 X 10°° + 168 HR) = 11,74 X 10°*
RF
P = M =02
45,51 + 11,74

Pese . = 0205 « (WLZWXICH. w551 X107 = 1,05 X 107
RF



TABLE C-1. locaLizer FAuLTY Si1GNAL RADIATION PROBABILITIES

pace 10 oF 14

4,

PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT
TO COURSE WIDTH - SENSITIVITY DDM,

CALCULATION
p Per X P XP
SENDDM CF INTSEN XMTRSEN
WHERE
INT R cas
PCF = SEN PCF is a conditional factor, as

P +P previously described.
XMTRSEN INTSEN

[
>

MM )\ s .
P = MDD+ «M P is the probability of a
INTGen MONg e 1MON INTSEN  failure of the sensitivity
DDM integral monitoring
circuitry (hidden).

is the probability that

SEN a signal that is faulty
with respect to course
width will be radiated,
with no other parameter
being affected.

P = A
XMTR XMTR¢ Pume

EN

Ml = MAINTENANCE INTERVAL (168 HOURS ASSUMED)
2 - If landings are not allowed with a monitor
M = mismatch condition present (ABN light in tower).

1 - Otherwise.

FAILURE RaTE DaTa

- * = * = -6
>\M0NSEN >\3aa )\393 5.2 x10

IF LANDINGS ARE NOT ALLOWED WITH “AGH" LIGHT ON:

-6
Aov = 1140 X 10
OTHERWISE:
-6
Aon = 1367 X 10



TABLE C-1, LlocaLizerR FauLTy Si1GNAL RADIATION PROBABILITIES

pace 11 oF 14

PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT
TO COURSE WIDTH - SENSITIVITY DDM, (COMTINUED)

FatLure RATE Data (CONTINUED)

-6

%‘ : * =
MR Mgy 0.5234 X 10
. - -6
Aoy 0,065 X 10
*k = -6
A 0.29 X 10
-6

Parra,, = 087 X 10°-168HR = 137 x 107

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Pur. = G2 X107% 168 HR? + (1,140 X 107+ 168 HR) = 1,92 X 107

SEN
P = _ 1% = 0,583
137 + 1.9
Py = 0.583 + (LR X107°XL37 X100 = 1,53 X 107°
DOM

IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Poyr = (312 X 1076+ 168 HR) + (1,367 X 107+ 168 HR) = 7.54 X 10°*

SEN
e = M =086
1.37 +7.5
Peey = 0.846 ¢ (754 X107RLF X107 = 8753 X107
DOM



TABLE C-1., LocaLizer FAuULTY S1GNAL RADIATION PROBABILITIES

pace 12 oF 14

5. PROBABILITY OF THE RADIATION OF A FAULTY CLEARANCE sigNaL (DDM, SDM or RF).

CALCULATION

Poo = Per X PINTCL b PXMTRCL

WHERE
- P
Per INTey Pep is a conditional factor,
p +p as previously discussed.
XMTRCL INTCL
P = o * MDM™ + Xppon *MI Pryr_ 1S the probability of a
CL CL CL hidden failure of the
clearance monitoring
circuitry.
P = A o MI p is the probability that the
XMTRCL XMTRCL XMTRCL radiation of the clearance
signal will be faulty with
respect to DDM, SDM or RF
parameters,
M[ = Maintenance interval (168 hours assumed)
? — If landings are not allowed with a monitor mismatch
M = condition present (ABN light in tower).

1 - Otherwise.

FAILURE PaTE DATA

A\ \ * * -5
Awog = Mg = Nag = 578X 10

[F LANDINGS ARE NOT ALLOWED WITH "ABN" LIGHT oN:

>\1MON = 1,140 X 10-6

OTHERWISE :

Aoy = 1,367 X 107°



TABLE C-1. LocaL1zer FauLTy SiGNAL RaD1ATION PROBABILITIES
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5. PROBABILITY OF THE RADIATION OF A FAULTY CLEARANCE SIGNAL (DDM,
SDM or RF),

FATLURE RATE DaTa (COMTINUED)

Ny, © = L X 107°
Neg = 7,150 X 10°°
As = 10,250 X 10°°
AN = 152 X 10°
Ayl = 0,38 Xx10°
Ny, = 0.75% X 10°°
Nopp = 1209 x10°°
N = 0.070X10°
N = 0,1% X 10°°
N = 0.655%10°
Nea = 2,631 X 10°°

AXMTRCL = 26.26 X 10°°

Por,, = 26.26 X 0618 HR = w12 x10™

[F LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Py, = G78X 107°- 188 HRYZ + (L1400 X 10° 16840 = 1.2 x 107°

Pp = 1% = 417 X107
44,12 + 1.2
Pee = WU XWHARXW0hw 2 x10 = 351 X107

[ LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:
Pir,, = G.78X 107% < 168 HR) + (1,37 X 107 *168 HR) = 12,01 X 107°
= 1200 -o0m
w12 + 12,01
P, =020+ (2,001 X 107HW 2 X107 = 113X 107

Pee

€-14
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6. PROBABILITY OF THE RADIATION OF A SIGNAL GIVING A FAULTY COURSE POSITION
AT THE FAR FIELD ONLY.

CALCULATION
P =P XP XP +P
FF cF * "MON FF FF
ONLY FF CSEpm ONLYpe) ay
WHERE
—_— P
MON_- . » .
PCF = , PCF is a conditional factor, as previously
di d.
PMONFF + PFFCSE iscusse
DDM
MM * * . cqs :
P = (N e MD™ + AN + Ae)X M P is the probability of a hidden
IVa\‘;:;: NONFF 498 1€ NONFF failure in the far field DDM monitor-

ing circuitry.

P is unpredictable, being a function P is the probability that the ILS
FFCSEDIN of runway activity. FFCSEDIN signal will be faulty with respect
P = ( assumed for the to DDM tolerance at the far field
FFCSE base case.) due to external runway disturbances
DDM : during the critical landing phase
of a landing (assumed to be 30
seconds for the base case).
70
Pee = Per . WSE—C P is the probability that the ILS
ONLY e ay CSEpry SEC FFonLY signal will be faulty with respect
DELAY  t6°DOM tolerance at the far field

due to external disturbances
during the 70 second delay of the
far field monitor alarm.

FAILURE RATE DATA

Noon,, = 4422 X 1077
IF LANDINGS ARE NOT ALLOWED WITH “"ABN" LIGHT ON:
>\ZQB : >\;E =0
P, = 4422 X 10°° + 168 HO° = 5,519 X 107
OTHERWISE:

Nygg = 1,63 X107
N = L1310

Paon_ = (4122 X107 * 163 HR) + (163 X 10° + L143X10™°) * 168 = 12,09 X 10°7*
FF
70 sec
=P *0+0° Case)
PFFONLY Per PmNFF 0+ 30 sec (Bast Case
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l, SINGLE FAILURES IN THE LOCALIZER EQUIPMENT THAT CAUSE IMMEDIATE
LOCALIZER SHUTDOWN,

CALCULATION

Py = ZXSINGLE FATLURES X T¢

* -6
)\SINGLE FAILURES' )\IAZ = 1,829 X 10
o= 29 Xx107°

W= L039x10°
Ny = 0.8Y10°
Noe = 2,407 X 10°°
N; = 0916 X10°°
Ns = L16X10°
Ng = L7 Xx10°
Ny = 0I%x10°
N = 031X10°
Neo = 0.615 X107
Nggp = 0,157 X107
Ngg = 020X 10°°
Ngy = 0262 X10°°
Nege = L& x10°°
Neow = 0.690 X107
Nox = 0.100Xx10°°
Npop = 0,789 X 107°
Npog = 0.3%6 X 107°
Npan = 0.789 X107
Ny = 03X
Nogn = 0783 X 1078
Noeg = 0.386 X 10°°

> N=20.5%7 X 1078

TC = (Critical Landing Time Interval

FOR A CRITICAL INTERVAL OF 30 SECONDS: ; ]
P = 20,57 X 107° «30 sec = (20557 X 107« 30/3gy) W
P, = 1711 X 107
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FAILURE IN THE MAIN TRANSMITTING UNIT AND A FAILURE IN THE STANDBY
TRANSMITTING UNIT, BOTH FAILURES OCCUR WITHIN THE CRITICAL PHASE
OF THE LANDING, AND IT IS IMMATERIAL WHICH FAILURE OCCURS FIRST,

CALCULATION
Pag = Pasr X Pp
WHERE
PA+T is the probability of loss of the main transmitting unit or spontaneous

transfer due to single failures in the control unit,

PB is the probability of loss of the standby transmitting unit.

P = [+ Afap) +Tg] + O *T0

A = 3.18x10°°
Aaa = L X 107° R T
Neo = 477 X10° Ney = 477 X108
Nez = 9.084X107° Nes = 9.984 X 10°°
Ny = 7.150 X107 Njg = 750X 10°
Aap = Lugx10° Aoy = Lt X 107°
ANeg = 7.50X10° Neg = 7.150X10°
N =10250X107° N, =10.250 X107
Neo = 2BLX10° Nes = 2631 Xx10°
Aap = 2.43X10° Ney = 2433 X107
Ap = 043X10° Neg = 0413 X10°°
Ay = 1.1453x1o‘: Nec = 1.455x1o‘:
= .82 X 107 = .82 X107
>\3F " >\8F o %
A = 132X 10 Ngg = LI X10
Ap = 152 X10° Ney = L552X10°
ANy = 0.388X10° Ny = 0.338X10°
(CONTINUED) (CONTIAE)
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RS}

FAILURE IN THE MAIN TRANSMITTING UNIT AND A FAILURE IN THE STANDBY

TRANSMITTING UNIT,

CaLcurationN (CONTINUED)

Ny = 0.7% X 107°
Nea = 399 X107
Neg =13.1% X107
Nos = 013X 1078
Nizp = 0,070 X 107°
Nge = 0,070 X 107
Ay =83.250 X 10°°

A~11A
>HIB
%128

BOoTH FAILURES OCCUR WITHIN THE CRITICAL PHASE
OF THE LANDING, AND IT IS IMMATERIAL WHICH FAILURE OCCURS FIRST,

0.7% X 107°
3,909 X 107°
=133 Xx10°
= 0.1 x10°

= 83,110 X 107

(86,430 X 107% 30 sec) « (83,110 X 107 « 30 sec)

4,988 X 1071
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3, A HIDDEN FAILURE IN THE EQUIPMENT WHICH ESSENTIALLY INHIBITS THE
TRANSFER CAPABILITY OF THE TRANSMITTING UNITS AND THEN A FAILURE IN
THE MAIN TRANSMITTING UNIT.

CALCULATION

Pic = _NC__ X (P, XP
N

PA is the probability of the loss of the main transmitting unit.

PC is the probability of the loss of the transfer to standby capability.

>\C is the conditional probability that the hidden failures modes ()\ )
)\ + >\ will occur prior to a main transmitting unit failure that
A C initiates a transfer ( A)
P, = NoTp = B3.25X10%) «Dsec = 6,3 X107
Pe = AceM = A, <168 HR
>\c = ’\103 + ‘)‘17’“ A
* -6
Ap; = L730X1I0
Ar = 0585x10°
-6
Nop = 0.22X10
A = 219X10%°
P = QUIX10°% 168 = 412 x 107
Pe = 5 @I Xx10he 6B X100 = guelx10Y

2,49 + 83.25

c-19
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4, A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY cOURSE DDM,
SDM, orR RF PARAMETER FROM THE STANDBY TRANSMITTING UNIT, FOLLOWED BY
ANY FAILURE IN THE MAIN TRANSMITTER OR CONTROL UNIT WHICH CAN INITIATE
A TRANSFER,

CALCULATION

A
SE ot X Pocge X Phur
At N ? >\BCSE

P
STBY,

WHERE

PB is the probability of a failure that will result in the generation
CSE of a faulty course DDM, SDM, or RF parameter from the standby transmitter.

is the probability of loss of the main transmitting unit or spontaneous
transfer due to single failures in the control unit (previously identified).

BCSE is the conditional probability that the standby

*
)\A + )\lAl + )\B transmitter failure modes ()\B } will occur prior
¢S CSE unit failure that

PA+T

to a transmitter or control
*
initiates a transfer ()\A + )\IAI).

Ne o A = 710X 1078
Ney = L727X1W0°
>\63 = 9.984 X 10-6<
Ngg = 0,413X 107
Agr =128 X107
Ng = LIXx10°
Ay =3%u41x10°

CSE
Ao+ Ay = 83.25 X107 +3,18X10°% 86,43 X 107°
P = A, 18R = 6115 X 107
CSE CSE
Paer = N+ Np)eDsec = 0.720xX10°
Peray = _ %M el X100 X100 = 1,36 X 107°

CSE 86,43 + 36,41

€-20
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5., A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY COURSE WIDTH (DDM)
PARAMETER FROM THE STANDBY TRANSMITTING UNIT, FOLLOWED BY ANY FAILURE IN
THE MAIN TRANSMITTER OR CONTROL UNIT WHICH CAN INITIATE A TRANSFER,

CALCULATION
>\B
Brave., = SEN X Pg XPpr
SEN X, * Myn; * )\B SEN
A 1A SEN
WHERE
PB is the probability of a failure that will result in the generation of

SEN a faulty course width (DDM) parameter from the standby transmitter.

PA+T - previously identified

N
— BSEN is a cor.ldit'lonal‘ probability factor,
XA + M + >\‘B as previously discussed
SEN
)\BSEN = )\SB + >\8F + >\8G
= 0,413X107° + 12.8%2 X 10°¢ + 1.3@ X 10 = 14,55 X 10°®
NNy = sBxw
Pe = Ng  +I168HR = 2444 X107
SEN SEN

Par = N+ Ny ) *30sec =2720X10°

Peray. = 105 eouum 1070720 X 107% = 2.5% X 1070

SEN 86,43+ 14,55

c-21
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6. A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY CLEARANCE DDM,
SDM or RF PARAMETER FROM THE STANDBY TRANSMITTING UNIT, FOLLOWED BY ANY
FAILURE IN THE MAIN TRANSMITTER OR CONTROL UNIT WHICH CAN INITIATE A TRANSFER,

CALCULATION
- >\B
PSTBYC,_ - T cL X * PBCL * Pasr
' >\A+ 1a1 * Bey
WHERE

PB is the probability of a failure that will result in the generation of a
CL faulty clearance DDM, SDM or RF parameter from the standby transmitter.

PA+T - previously identified
( BCL is a conditional probability factor,
* as previously discussed.
>\A * >\‘1A1 * >\B
CL
Ng t Agy=Luwex10°
BCL. 94 — ¢

Ngg = 7.150 X 107
Ao =10.250 X 107

Nes = 2,631 X 10°°
Mgy = 1552 X 1078
Agy =038 X 10°°
Ng; = 0.756 X 107

Ng =24.17 X 107
CL

AN+ Ny =8643%10°

Py

N+ 168 HR = 40,61 X 107
CL CL

Paor = (A + Mgy ) = 3 sec=10.720 X 107°

Porgy = __ 2407 W0.61X10°%H @720 X107 = 6.391 X 10°%°
ez e 417

c-22
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7. A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY I.D. sieNaL (OR LOSS)
OF THE STANDBY TRANSMITTING UNIT, FOLLOWED BY ANY FAILURE IN THE MAIN TRANS~-
MITTER OR CONTROL UNIT WHICH CAN INITIATE A TRANSFER.

CALCULATION
%3
PSTBY = 1D X :DB xPA+T.
ID )\ N }\* + >\ ID
A 1A1 Byp
WHERE

PB is the probability of a failure that will result in the generation of a
ID faulty I.D. signal (or loss) of the standby transmitter

PasT previously discussed
A, |
)\* 10 ) is a conditional probability factor, as previously discussed.
%n * ™At )\BID
-6
>\Bm= Na = 1.Lmsx1o6
Ney = LTT X0
Nes = 9.984 X107
Ny = 3.99X10°
N = B3 x 108
Nggz = 0338 X 107°
Ng  =3358X107
1D
N+ Ay = 8.63X10°
P = ANg_ +18HR = 56,41 X107
1D 1D

Prar = N+ ATy )+ B sec=0720X10°

S 33,58 G641 X 107H070 X100 = L% X107
%6.445 + 33,58
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8, A FAILURE THAT WILL RESULT IN THE GENERATION OF ANY FAULTY PARAMETER
OF THE STANDBY TRANSMITTING UNIT, FOLLOWED BY ANY FAILURE IN THE MAIN
TRANSMITTER OR CONTROL UNIT WHICH CAN INITIATE A TRANSFER.

CALCULATION

Pstay

A )X Ay *189) X By
A >\].A]. B

WHERE

Pasy - previously identified

A‘:‘i is a conditional probability factor,
A as previously discussed,
B

Ag = 83.110X10°°
Ay + Ny = 86,43 X 1078

Ag *18HR = 139,52 X 107

Paer = (Ag+ A0 sec = 0,720 X 107

Porey = 83010 .(339.62 X 107%) » (0.720 X 10°%) = 5,071 X 10°°
86,43 + 83,110

C-24
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paGe 10 or 14

9, POWER SUPPLY/CONVERTER FAILURES LEADING TO A SHUTDOWN,

CALCULATION

R = P +P +P
PS/CONY CoNv IN CONV PS

MA FF

WHERE

PCONV is the probability of both main converters failing.
M

AIN
PCONV js the probability of both far field monitor converters failing.
FF

PPS is the probability of the main power of the far field monitor failing.
FF

Peonvy, = (A7 X 720 WY *(Nig X 30 sec)

PconvFF = ()\51A X 720 HR) * (A gpp X 30 sEC)

(Nsos + Naarr, ) X720 W'+ Rsgp X 30 se0)

O
o
v

[

FF

)\17 = )\18 = 6,58 X 10-6
>\51A = >\52A = 242X 10°

Nson
A

508

5,790 X 107

0,519 X 107

AMW” =&Oxm$ (Assumed)

Pes/comy = 2.61 X100+ 3.49 x 10711 +2.%6 X 107° = 5,90 x 107'°

1A monthly preventive maintenance cycle is assumed for power supply systems.
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19, BoTH COURSE /ID MONITORS FAILING, PRODUCING AN ALARM.

CALCULATION

[F LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT;
2
Peserin = (Aesesmn *Te) (Case 1)

OTHERWISE :

A A = A

CSE/ID ~ CSE/ID; = 'NCSE/ID,
Neseot Ny, = 1353 X 1078
ANy = 1914 X107
/\CSE/ID.I= 15.45 X10_6
-6 2 _ -14
Peseyp = (15,45 X 107« 30 sec)” = 1.657 X 10 (Case D

-10

Pese/ro = (1585 X107« IR HR) (I5.45X 107°+ 30 sec) = 3.341X 10 (Case 2)
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11. BOTH SENSITIVITY MONITORS FAILING, PRODUCING AN ALARM,

CALCULATION

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH
CONDITION PRESENT:

2
Poen = (>\SEN + Te)

(CASE 1)
OTHERWISE:

Poen = (ANgy * 188 HOAgey = T) (CASE 2)

)\SEN = >\SEN1 = >\SEN2

- * - -6
ASENI = Aggp = 35% X 10

Pory = (9.5% X 107 » 30 se)? = 6,304 X 107 (CASE 1)
Peey = (9,536 X 107 + 168 HRY(9,5% X 107° « 30 sc) = 1,289 X 107 (CASE 2)

c-27
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12, BOTH CLEARANCE MONITORS.FAILING, PRODUCING AN ALARM.
CALCULATION

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH
CONDITION PRESENT:

Py = (N )2 (CASE 1)
OTHERWISE :
P = Ay *IBHRA » Tp (CASE 2)
>\CL = erl o,
ch Nean = 14509 X 1078
Po. = (14,509 X 107% * 30 se0)® = 1,461 X 1071 (CASE D

Pe, = (14,509 X 107% = 168 HR) (14,509 X 107° * 30 se0) = 2,997 X 10°1°  (casE )
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—_—

13, BoTH FAR FIELD MONITORS/RECEIVERS FAILING, PRODUCING AN ALARM,

CALCULATION

[F LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH
CONDITION -PRESENT:

Per = (NppoTo)? (CASE 1)
OTHERWISE:
Pre = (Appe 168 HR) (A o To) (CASE 2)

>\FF = >\Frl = >\FF2

-6

Nerr Nsgg = 108X 10
Ny = 6.89XI°
Neaw = 0.02x10°

: -6
Ner1 18,00 X 10

(18.00 X 1075+ 30 sec)? = 2.250 X 107 (CASE )

Per = (18,00 X 1078« 168 HR)-(18.00 X 10°+30 sec) = 4,53 X 1070 (CASE 2)

c-29



APPENDIX D

GLIDESLOPE FAULTY SIGNAL AND SHUTDOWN
PROBABILITY CALCULATIONS
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1. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION (PATH ANGLE)
DDM si1GNAL.

CALCULATION
PCSEDDM PCF X PINTCSE X PMONNF X PXMTRCSE
DDM DDM
WHERE
Puon,, ® Prwr
PCF ) DDM PCF is a conditional factor,
p + (P p ) expressing the fact that all
XMTRCSE MONNF ¢ INTCSE DDM monitoring must be lost
DDM DOM before radiation of a faulty
DDM signal in order for such
a signal to be undetected.
- = Ovon *MD™ + Xpyon oM - is the probability of
CSEDDM CSE CSEDDM failure in the course
DDM integral monitor-
ing circuitry.
** MM * s iy s
p S 0N ) oM+ (A o MD p is the probability of a
MONyF MoNyp ~ X 1E MONNE hidden failure in the near
field DDM monitoring
circuitry.
PXMTR = >\XMTR o M PXMTR is the probability
CSEDDM CSEDDM CSEDDH that an actual faulty

course DDM will be
radiated, while no
other parameters
are affected.

Preventive maintenance interval to check for hidden failures.
(One week - 168 hours - is assumed.)

MI

M = 2 - If landings are not allowed with a monitor mismatch condition
M = present (ABN light in tower).

1 - Otherwise.
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PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION (PATH ANGLE)
DDM sieNaL,  (CONTINUED)

FaiLure Rate DaTa

* * -6
>\M0NCSE = Ayp= Ngsp = 5.065X 10

[F LANDINGS ARE NOT ALLOWED WITH "ABN" LIGHT ON:

>\1MON = >\Inz + >\Is 1,140 X 10°°

fl

OTHERWISE:
>\1MON = ’\;01 + }\Is = 1,%7 X 10'6

>\MONNF = Nggp = Nggg = 382 X10°

*k -6
Ay = 0,262 X 10

AN = Lu3x10°
>\XMTRCSE A3 = 0.7 X 1°°
DDM

N = 12.8%2 X 107°

Ngg = 1.mxw’

Nop = 0.00x10°

Nogr = 0.466 X107

I = .73 x10°

>\XMTRCSEDD"= 16,33 X 107
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1. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION (PATH ANGLE)
DDM stenaL (CONTINUED)

[F LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Pt = G5 X 1076 + 168 HRY? + (1,140 X 10°° + 168 HR)
" = 724x107 + 195107 = L2 X107

Puon,, = E3.822 X107 +0.262 X 10°%) + 168 HR]2 + (1,143 X 1978 + 163 HR)
= 471x107+ 12Xt = 12 x10
Perr = 16.3X10°168HR = 27.43 X 107
CSEDDM
p - 1.2 x 107° - 1ux it
CF - = T .
74X + 1,2 X107
Pise,,, = (L3 X 10%) « L2 X107 « L2 X 107 « 27,43 X 1079
Pese gy = 1370 X 107

[F LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Pt = GO X 1078 <158 HR) + (1,37 X 107° + 168 HR)
M - 851X +2.26 X107 = 108X 1070
Paon, = (4084 X107 -168 HR) + (L143 X 108188 HO = 8,78 X 107"
_ -4
P .43 X 10
.. _ (108 X 107 + (8.78 X 107 - 306 X 107

2734 X 107% + [(1.08 X107+ 8,78 X 10“1

(.46 X107« 18 X107 < 8,78 X 1074 + 7,13 X 107%

-0
[

CSEDDM

9,001 X 10713

"o
1]

CSEDDM
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2, PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION SIM siGNAL,
1.E., INCORRECT PERCENTAGE MODULATION.

CALCULATION
P = Pee XP XP
CSEgpy CF 2 "INTopmpsen © " MTRege
SOM
WHERE
Pint
= S a con ona actor
Per SDM/SEN Pep | ditional fact
p p expressing the fact that all
XMTR INT, monitoring which will detect
CSEq oy SDM/SEN an SOM fault (Ppy; )
SDM/SEN
must be lost before trans-
mission of a faulty SDM
signal (PXHTR ) can go
undetected. CSESDH
M MM
P = (A MDD e (N «MD P is the probability of
INT<oM/SEN MONege MONgEN ~ INTSom/SEN a hidden failure in

the integral monitoring
)\ or control unit such that a
+ Aqon = M faulty course SDM signal would
be undetected. This factor ex-
presses the fact that a faulty
course SDM signal would cause
alarms from both the course
SDM integral monitors and the
sensitivity integral monitors,
which share the same processin
in the control unit (5\ M?).

1MON
p A M D is the probability that
MR eSE om XHTRCSE o XHTRCSEpy an adtual faulty course
S s SDM signal will be ra-
diated, while no other
parameters are affected.
Ml = Preventive maintenance interval to check for hidden failures.
(One week - 168 hours - is assumed.)
2 <~ If landings are not allowed with a monitor mismatch condition
W = present {ABN light in tower).

1 - Otherwise.
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2. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION SDM SIGNAL,
1.E., INCORRECT PERCENTAGE MODULATION, (CONTIMUED)

FaiLure Rate Data

S s o o o -6
)\MONCSE )\343 >\353 506> X 10

Covs o ove ooz -6
>\M0NSEN = N Nes 3.21 X 1o

IF LANDINGS ARE NOT ALLOWED WITH "ABN" LIGHT ON:

Amon = Nz + Nig = 1140 X 107°

OTHERWISE :
Awon = Nop* A5 = L37 X107
-6
>\XMTRCSE Ag = 0.7 X10
M N = 13w x10°
Aoy = 0,070 x10°°
2Nogy = 0,92 X107
Ni = 1231 x10°
A = 3% X10°
XMTRCSESDM

[F LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

= s X 1078 168)% + (3.121 X 1078 - 168)% + (1,140 X 107° + 158)

INTsomys > 5 4 4
=72 X107 +2.75 X107 + 1.2 X107 = LIBX10
Pyra =3,%X10°%.168 = 6.65 X 10°*
CSESDM
Per =_ 18 -
5,60 + 1,93
Pes = 025 1B X0 6B XY = 280 %107
SDM
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GLIDESLOPE FAULTY SiGNAL RADIATION PROBABILITIES
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2l

PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION SDM siGNAL,
1.E,, INCORRECT PERCENTAGE MODULATION, (CONTIMUED)

Fa1LURE RaTE Data (CONTINUED)

I[F LANDINGS ARE

p
INTS pm/sEN

ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

= (5,065 X 107%+168) + (3,121 X 1078 - 168) + (1,367 X 107° - 158)
851X107* +524 X107 + 1,2 X107 = 1,57 X 10°°

= 0702+ (1,57 X 1073)(6.65 X 107

6,65 X 107

b7 - om
6.65 + 15,7

= 7,548 X 107
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3. PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT

TO COURSE RF POWER.

CALCULATION

P = Fep XP XPy XP
CSEpp CF A FINTp LT XMTR o

R RF

WHERE

PI . P
NT NF
CSERF RF

Per

P + (P *Pyr )
XMTR INT.ge *"NFop

RF RF

MM
PINTCSERF = (>\MONCSE’ MD™ + Aquon *M

*k *k
p = (A + + Ay e M
NFRF MONNF X Y

Pxmrr = >\XMTR o M

CSEpp CSEpg

is a conditional factor,
expressing the fact that all
RF monitoring must be lost
before radiation of a faulty
RF signal in order for such
a signal to be undetected.

Per

is the probability of
failure in the course
RF integral monitoring
circuitry.

P
INT
CSEpp

is the probability that the
RF near field monitoring cir-
cuitry will fail to generate
an "abnormal" indication when
a faulty RF signal is radiated.

is the probability that
a signal that is faulty
with respect to RF power
will be radiated while
no other parameters are
affected.

P
XMTR o

Ml = Preventive maintenance interval to check for hidden failures,
{one week - 168 hours - is assumed.)
72 - If landings are not allowed with a monitor mismatch

M = condition present (ABN light in tower),

1 - Otherwise.
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3., PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT
To cOURSE RF POWER, (CONTINUED)

FarLure Rate Data

>\M6NCSE = }\;43 = Nsg = S.065X10°

IF LANDINGS ARE NOT ALLOWED WITH "ABN” LIGHT ON:
Awox = 1.140 X 10°°

OTHERWISE:
Apox = 1.367 X 107

>\MONNF = Nygg = )\u43- = 3,82 X 10°°

ANy = 0282 X10°°

Ny = 2,043 X 10°®

AXMTRCSE : N = 6,73 X 10°°
RE N = 0,68 X 10°°
Nag = 0.27 X107
Nag = 1,3 x10°
Noer = 0.466 X 10°°
-6

Ny = 1231 X 10

-1 -6

}‘X"chse,,p = 10,8 X 10

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

(5,065 X 1076 +168 HRY? + 1,140 X 107 + 168 HR
RE = 724%107 +1,95 X 107% = 1,2 x 107

P
INT.p

(.82 X 1075+ 0,262 X 1075 + 2,043 X 10°6) < 158 R = 10,29 X 107*

P
NFor

D-9
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3. PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT
To courste RF power, (CONTINUED)

Pesrr = 10.85 X 10°+168 HR = 18.23X 10°*
CSERF
- (1,2 X 107« (1029 X 107 - 1.08 X 107

PCF . . .} .3
1823 X107 + (LR X107) (10,29 X 107)

Pese,, = (LOBX 107 Q.2 X107 « 10,20 X 107 « (18,23 X 107

Pose,, = 3.97 X 107

[F LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Pinrege = (.065 X 10%+ 168 HR) + (1,367 X 10°° « 168 HR)
RF

851y 10t +2.30 100" = 1081 X107

PNF = ] (Since a monitor mismatch from a near field alarm will
RF be ignored in this case.)
-4
- = 1823 X10
CSERF
p D K
°F 18.23 + 10.81
Pese = 03721081 X 107" » (18,23 X 107
RF
-7
Pse,, = 7-BLX10
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4. PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT
To SENSITIVITY DDM,

CALCULATION
P = Per XP XP
SENDDM CF / INTSEN XMTRSEN
WHERE
P
INT
PCF - SENP pCF is a conditional factor, as
PXMTR + previously described.
INT
SEN SEN
M R iqs .
P ( MM+ N o M P is the probabitity of fai-
INTSEN MONSEN IMO” INTSEN lTure of course width sensi-

tivity DDM integral
monitoring circuitry
(hidden failure).

p = A o M P is the probability that
XMTRSEN XMTRSEN XMTRSEN an actual faulty course
width signal will be ra-
diated while no other
parameters are affected.

MI = Maintenance interval (168 hours assumed)

2 - If landings are not allowed with a monitor mismatch
M = condition present (ABN light in tower).

1 - Otherwise.

FaiLURE RaTE DaTA

Awon = >\;7B = >\;85 = 3,121 x10°

IF LANDINGS ARE NOT ALLOWED WITH "ABN” LIGHT ON:

leON = l.lL'O X 10-6
OTHERWISE :
Aoy = 1367 X 107°

D-1
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PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT TO
SeNsITIVITY DDM., (ConTINUED)

Fa1LURE RATE DaTa (CoNTINUED)

FOR THE TWO FREQUENCY GLIDESLOPE,
* % * % * %
>\XMTRSEN = Xsgt * N * A (BASE CASE)

05234 X 107 + 0.2750 X 107 + 0.0101 X 10°® = 0,8085 X 10°°

FOR THE ONE FREQUENCY, NULL REFERENCE GLIDESLOPE,

*% * % * %
)\XMTRSEN = N * Moot A

= 0,524 X 107° + 0,2851 X 107 + 0.0101 X 10°° = 0.8186 X 10°°
FOR THE ONE FREQUENCY, SIDE BAND REFERENCE GLIDESLOPE,
SEN © >\3G1 * >\1oo + Nl1a

)\ XMTR

0.52%4 X 10°% + 0.2750 X 10°® + 0.0100 X 10°® = 0,805 X 10°°

it

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

N -4
Plirgy, T LR X0
P, = (+808X 107 + 168 KR = 1.3 X 10 (BASE CASE)
N

P = L2 __ -q
cF 1.36+ 1.9 %
Pen = 0386 * L2 X107 * (LIBX10™H =155 x 10°®

DDM

IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Por. = (3120 X10°% + 168) + 1.9 X 107* = 7,5 X 107
SEN

P = 1.3 x 107"

XMTRsen

p =LA -0

CF 1,36+ 7.54

P = 0847 = (754 X107H + (136X 107 = 8,676 X 107°
DDM
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5. PROBABILITY OF THE RADIATION OF A FAULTY CLEARANCE SIGNAL
(DDM, SDM, or PF).

CALCULATION

P = Pep XP XP
cL CF A TINTC A TXMTR,,

WHERE
Pint ; .
PCF = cL PC is a conditional factor, as
p +D previously discussed.
XMTRCL 'INTCL
Pint. = (>\MON . MI)MM + >\1MON M Pint. is the probability of a
CL CL CL hidden failure of any of
the clearance monitoring
circuitry.
p = A M p js the probability that
XMTReL XMTReL XMTRCL the radiation of the
clearance signal will be
faulty with respect to
DDM, SDM, or RF parameters.
Ml = Maintenance interval (168 hours assumed).
?2 - If landings are not allowed with a monitor mismatch
M = condition present (ABN 1ight in tower).

] - Otherwise.

FAarLure RaTE Data

* * -6
>\MONCL >\4OB = >\413 = 5,077 X10

IF LANDINGS ARE NOT ALLOWED WITH "ABN" LIGHT ON:

A

-6
Aoy = L1450 X 10

[}

OTHERWISE:

-6
Aoy = 1367 X 10

D-13
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5. PROBABILITY OF THE RADIATION OF A FAULTY CLEARANCE SIGNAL
(DDM, SDM or RF), (CONTINUED)

FarLure RaTe Data (CoNTINUED)

Nom,© Nap = LM X 10°°
N = 673 Xx10°
Ay = LIBX10°
Apogr = 0.466 X 107°
N; = L231x10°

KXMTRCL = 11-52 X 10-6

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Piwr, = LRX 107

Parre,, = 152 Xx10°%-168 iR = 19,35 X 10°°

P = _ 12 - 903x107
19.% + 1.9
Pe = @Q03X109-AR2X10H-wBxW0H = 3%3x10°

IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Pt = 5.077 X 10169 + .22 X 107 = 10,45 x 10
Pz, 19,% X 107
P, = _ 185 g3

19,35 + 10,45

PeL 0.3) (L4 X100 19,5 X 107 = 752 X 10”7

D-14
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B, PROBABILITY OF THE RADIATION OF -A FAULTY SIGNAL, DUE TO ANTENNA TOWER
MISALIGNMENT,

CALCULATION

Pa ™ Por X P X P * P

WHERE p
P_= MD P.. is a conditional factor, as
CF PTM + PMD CF previously described.
P =A. *M P_. is the probability of the loss
MD MD M of tower misalignment detection
and not producing an alarm (no
"abnormal* light in tower).
P_. is unpredictable, being a function P is the probability that the glide-
of external and uncontrollable forces. ™ slope antenna tower will become
misaligned within the preventive
maintenance interval.
C
P =P . l§§—§§- P is the probability that the

TMDELAY glideslope antenna tower
will become misaligned within
the 135 second delay of the
misalignment detector alarm.

Meay ™ M

M| = Maintenance interval (168 hours assumed)

Ao = Nagg + N7 = 2354 X 10°° + 0,908 X 107 = 3,202 X 10°8

IF LANDINGS ARE NOT ALLOWED WITH "ABN" LIGHT ON:

Pp  =3262X107°+ 168 HR=5.480 X 107
PTM =0 (Base case assumption)
Pre oy = P € ) + 18=0+223X10*=0
Py =5.480X10°*°0=0
OTHERWI SE
PMD =] ("Abnormal" indication from misalignment detection is ignored.)
P = PTMDELAY =(  (Base case assumption)
Paw =0

D-15
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1.

SINGLE FAILURES IN THE GLIDESLOPE EQUIPMENT THAT CAUSE IMMEDIATE

GLIDESLOPE SHUTDOWN,

CALCULATION

Py = Z:>\SINGLE FaTLures X T¢

>\SINGLE FAILURES®

Aiz
Ng
)W7A
Ao
A9

Aoz
Ass

1.9 X107
2,98 X 107
1,039 x 107
0.88 X 107°

1951 x 10°®
1231 X 10°°
0.778 X 1078
0.098 X 10°°
0.100 X 10"
115 x 108
1,115 x 107
L15 x10°°
115 x 107°

D A= 15,318 X 107

Te = CRITICAL LANDING TIME INTERVAL

FOR A CRITICAL INTERVAL OF 15 SECONDS:

Py

Ps

15,368 X 107« 15 sec
(15,348 X 10°°) « 15/z5y,
5,395 X 10°7°

D-16
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FAILURE IN THE MAIN TRANSMITTING UNIT AND A FAILURE IN THE STANDBY

TRANSMITTIN

G UNIT,

WHICH FAILURE OCCURS FIRST,

CALCULATION

Pag = Pa
WMERE

PA+T

Py

+T X PB

is the probability of loss of the main transmitting unit or
spontaneous transfer due to single failures in the control unit,

is the probability of loss of the standby transmitting unit,

PAB = [(>\A + >\;A1) TC].(>\B ‘Tc)

Pag =

0
>
-]

[

Nu = 3Bxw®

Ay

(39,25 X 1076 « 15 sec) « (36,01 X 1078 + 15 sec)
= 2,453 x 107

BoTH FAILURES OCCUR WITHIN THE CRITICAL PHASE
OF THE LANDING (15 SECONDS FOR GLIDESLOPE), AND IT IS IMMATERIAL

N = 67X
Ap = LI x10°
Ng = 6.734 X107
A = 058 X10°
Mg = 2.613X10°
N = 027 X107
N = LS3X10°
g =LER2XW°
N = L3R X10°
A = LB X107
Nog = 0.134 X 10°°
"Nop = 000X 10°

Ay = BO7XI10°

D-17

N = 67BXW°
Ney = Lol x10°
Xey = 6.73 X10°
A = 0,686 X10°°
Ny = 26B3X10°
Ny = 027 X10°
Are = L453X10°°
Ne =282 X10°
Ne = Lax10°®
Ng = LIBX107°
Aog = 0.3 x10°
Ng =3%.01x10°°
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3. A HIDDEN FAILURE IN THE EQUIPMENT WHICH ESSENTIALLY INHIBITS THE
TRANSFER CAPABILITY OF THE TRANSMITTING UNITS AND THEN A FAILURE
IN THE MAIN TRANSMITTING UNIT,

CALCULATION

Pac = _NC__ X (P, XPQ
At A

WHERE

PA is the probability of the loss of the main transmitting unit.

PC is the probability of the loss of the transfer to standby capability.
>\C is the conditional probability that the hidden failure

)\ + >\ modes ( ) will occur prior to a main transmitting
A C  unit failure that initiates a transfer (X,).

36,07 X 107 «15 sec = 1,50 X 1077
A * 168 HR

Pa = AatTe
Ac 'MI

n-
2
|

1}

Ac

*
>\103 + >\1T * Noa

ANpz = L7320 X190

[t}

0.545 X 10°°

2
ar
"

0.2 X 107

2
~n
>

i

2,495 X 10°°

<
I

Pe = (4% X100 168 = 412 X107

Pac = 2% +@IR X107 @50 Xx107) = 4,075 x 107"
2,4% + 36,07
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4, A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY cOUrRSE DDM, SDM
OR RF PARAMETER FROM THE STANDBY TRANSMITTING UNIT, FOLLOWED BY ANY FAILURE
IN THE MAIN TRANSMITTER OR CONTROL UNIT WHICH CAN INITIATE A TRANSFER..

CALCULATION
' >\B vo
STBYese NP DN Besg ©TAT
A 1A1 B
CSE
WHERE
PB is the probability of a failure that will result in the generation of I

CSE a faulty course DOM, SDM or RF parameter from the standby transmitter,

is the probability of loss of the main transmitting unit or spontaneous
transfer due to single failures in the control unit (previously identified).

A
(%n* %;MBC

PA+T

is the conditional probability that the .
DN standby transmitter failure modes (A, ) will
B
CSE

occur prior to a transmitter or con- CSE
trol unit failure that initiates a transfer
(}iA + ).

1Al

SE

N No= X0

Ay = 06%6X10°

AN = 017 X10°

A =12.82 X107

Ne = L3 x10°

Ng =2,8x10°

CSE

A+ A = BOX10°+318X10°° = 3825 x10°°
P = KBCSE -1 HR = %.93 X107
Par = PN+ Aap) = B5sec = 080 X107°0
Pergy. = __2L®  +(%6,93 X 10°H(0.164 X 177%)= 2,167 x 1071

GE 30,25 +21,98
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5. A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY COURSE
wiDTH (DDM) PARAMETER FROM THE STANDBY TRANSMITTING UNIT, FOLLOWED
BY ANY FAILURE IN THE MAIN TRANSMITTER OR CONTROL UNIT WHICH CAN
INITIATE A TRANSFER,

CaLcuLATION
P. | Nsen XPy  XP
STBYgpy }\A . }\* " Bsen A+T
1A1 )\B
SEN
WHERE
PB is the probability of a failure that will result in the generation

SEN of a faulty course width (DDM) parameter from the standby transmitter.

- previously identified

>\BSEN is a conditional probability factor,
* as previously discussed.
Mt Nt >\BSEN

%73 + >WF + }vs
0.427 X105 + 12,892 107 + 1.32 X 107% = 14,56 X 10°°
At Nag = BB X108

Pasr

N

SEN

oy = Mo, "168HR = 24,46 X 107

SEN

Paer = (No* Aap) * 15 sec = 0,164 X 107

Putar g, = o (446 X 107+ 0164 X107 = LoR X107
39,25 + 14.%
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6. A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY CLEARANCE DDM,
SDM or RF PARAMETER FROM THE STANDBY TRANSMITTING UNIT, rOLLOWED BY ANY
FAILURE IN THE MAIN TRANSMITTER OR CONTROL UNIT WHICH CAN INITIATE A TRANSFER.

CALCULATION
Rrey,, = ( . XBCL >X P X Pasy
cL )(A N >\1A1 . >\BCL cL
WHERE

PB is the probability of a failure that will result in the generation
CL of a faulty clearance DDM, SDM or RF parameter from the standby transmitter,

PA+T - previously identified
>\B
CL is a conditional probabjlity factor, as
({A+ )\‘ + A ) previously discussed.
1Al BeL
. qn=6
N, Nga = 1914 X 10
-6
Ngg = 6.734 X 10
: -6
Ny = LIBXI
N o= 92Xt
cL
N+AL, = BBEXI
P, = Ny +I168HR = 1650 X107
cL cL

Pt = N+ N}, ) - B5sec = 0.184x 107

Pargy. = 28 (16,50 X107H-0.164 X 107 = 530 x 107
T o nEBR
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7. A FAILURE THAT WILL RESULT IN THE GENERATION OF ANY FAULTY
PARAMETER OF THE STANDBY TRANSMITTING UNIT, FOLLOWED BY ANY
FAILURE IN THE MAIN TRANSMITTER OR CONTROL UNIT WHICH CAN
INITIATE A TRANSFER.

CALCULATION
Pstay = >}B X (Ng *163) X Py
)m * )ﬁAl * )\B
WHERE
PA+T - previously identified

)\B is a conditional probability factor,
* as previously discussed.
Ay * Na * N

N = %.00X10°
AN+ ANy = 385X 10°
A * 168 HR = 62,58 X 107

Par = (Ng+ A5y 15 sec = 0,164 X 107

Porgy = 001 (62,58 X 10 (0,164 X 10 = 4,983 X 10°1°
39,25 + 36,01
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CONVERTER FAILURES LEADING TO A SHUTDOWN.

CALCULATION

Pow = (Ns X 72000 X (x g X 15 seQ)

WHERE

PCONV is the probability of both main converters failing.

Ns = Ng = 6,58 %10

Peony = 1,306 X 107"°
1

20TH COURSE MONITORS FAILING, PRODUCING AN ALARM,

CALCULATION

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH
CONDITION PRESENT:

Nese * T (OSE 1)

F)CSE

OTHERWISE:

Pese (>\css « 168) (A * To) (CASE 2)

= A=
cSE T CSEl T Ntz

= * y -6
>\CSE1 >\34A = 12,918 X 10

(12,918 X 10°¢ * 15 sec’= 2.897 X 1071

Pese

PCSE

D-23

A monthly preventive maintenance cycle is assumed for power supply systems.

(CASE D

(12918 X 10°° 168 HR) (12,918 X 10°° * 15 sec) 1,168 X 107" (CASE 2)
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BoTH SENSITIVITY MONITORS FAILING, PRODUCING AN ALARM,
CALCULATION
[F LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH
CONDITION PRESENT:
Pey = Aoy * T0)° (CASE 1)
OTHERWISE
Psen = Agey * 168 HRO(Agey «To) (CASE 2)
>\SEN = >\SEN1 =>\SEN2
* -6
Negwg = Nga = 9,59 X 10
-6 2 =15
Peew = (9.60 X 107° =15 sE0)° = 1,598 X 10 I (CASE 1)
Poen = (3,60 X 107% < 168 HR) (9,60 *I5 sec) = 6.445 X 10° (CASE 2)
BoTH CLEARANCE MONITORS FAILING, PRODUCING AN ALARM,
CALCULATION
IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH
CONDITION PRESENT:
Py = (N « TP (CASE 1)
OTHERWISE :
P = (Ag 18 HO(A, + Ty (CASE 2)
)\CL = >\CL1 = >\CL2
* -6
>\CL1 = >\40A = 13.273)( 10
P = (B2 X107° +15ED? = 3.08 X 1077 (Case 1)
Pe, = (1327 X 10°® +168 HR) (13.27 + 15 sec) = 1,233 X 107%° (Case 2)
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12, BoTH NEAR FIELD MONITORS/PEAK DETECTORS FAILING, PRODUCING AN ALARM.,

CALCULATION

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH
CONDITION PRESENT:

Pe = Ny »T)? (CASE 1)
OTHERWISE:
P = Nye I8 HR (N = Tp) (CASE 2)
%NF = %NFI = %NFI
>\NF1: )\43A = L09X1°
Ng = LLSX10°
N = 226X 107
Py = (1226 X107° <15 se0)? = 2,609 X 10°%° (CASE D)

P = (12,26 X10° *168 HR(12.26 X 10°° *15se0) = LOR X 10°Y°  (OASE2)

D-25



