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1.0 INTRODUCTION

Pal len-Johnson Associates, Inc. has performed a detalled rellability analysis
of the Type AN/GRN=27(V) Instrument Landing System (ILS) or Type |1 LS 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 signais
which provide landing guidance for approaching aircraft. The reliability
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. 1

The objective of the study was to establish whether the GRN-27 ILS could satis-
fy the reliability quidelines expected to be established by the International
Civil Aviation Organization (ICAQO) 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 1072
the probability of localizer or glideslope shutdown should be less than

for the localizer or the glideslope during any landing sequence and

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 [CAQ member nations will attempt to meet them.

The reliability analysis was based upon a study of another system, designated
vhe Mark (Il ILS, which was built using many of the same sub-assembllies con-
tained in the GRN-27 but also incorporates more extensive monitoring and
higher levels of redundancy. Texas Instruments manufactured the Mark Il! Sys-
tem and performed the rellability study of the system. The analysis consisted
of identifying all the fallure modes of each subassembly in the LS and com-
puting the rate of failure for each mode. The subassembly failure modes were
then conslidered alone and in combination to determine how the system as a
whole could fall. For each such system failure mode, the probabllity 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 between system checks is

1-1
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8.75 X 10-8 for the locallzer and approximately 8.7 X 1078 for all versions of

the gllideslope. 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 giideslope (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 reliabllity. A previous effort by
Texas Instruments to produce an ILS suitable for all weather landings resulted
in the Mark 11! ILS. Only a few of the Mark 1| systems were produced. Al-
though they satisfy the ICAO reliability guidelines, it would be prohibitively

expensive to modify the GRN-27 units to be the same as the Mark 11l 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 failures. The tests can be performed by introducing
a simulated fault Tnto 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 control tower,
conductors would have to be taid 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 reliablility 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 fleld 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.

-2
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i 2.0 1LS RELIABILITY REQUIREMENTS : E

(R i
Standards and Recommended Practices (SARP's), and guidance material have been . ;?
developed by the ICAO for navigation aids, Including (LS. For the purpose of 12
*‘ ’ describing reliability criteria and relating them to different fevels of per- ‘
formance, the following ILS facility performance categories are defined L
. (Reference 1): i
Category | - Provides guidance information from the coverage !imit .
of the ILS to the point at which the tocalizer course 1
line intersects the glide path at a height of 200 feet
or less above the horizontal plane containing the
threshold. ]
Category |1 - Provides guidance information from the coverage limit
of the LS to the point at which the localizer course
( line intersects the glide path at a height of 50 feet
or less above the horizonta! plane containing the
threshold. .
:‘
iﬁ_ Category 11l - With the aid of ancillary equipment where necessary,
;% provides guidance information from the coverage limit
Qf' of the facility to, and along, the surface of the runway.
?f Each ILS Facility Performance Category has operational objectives as follows
Z B (Reference 1, Attachment C):
%
A Category | - Operation down to 200 feer 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.

Category 1| - Operation down to 100 feet decision height and with a

%
i
%ﬁ

runway visual range of not less than a value of the order
of 1200 feet with a high probability of approach success.

2-1
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Category 111A - 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 [1{B - Operation with no decision height limitation to and along
the surface of the runway without reliance on external
visual reference; and, subsequentliy, taxiing with external !
visual reference in a visibility corresponding to a run- i
way visual range of not less than a value of the order of
150 feet.

Category 1117 - Operation with no decision height limitation to and along
the surface of the runway and taxiways without reliance on

external visual reference.

These operational objectives are intended for "guidance and clarification” only
and are not part of the I1CAD SARP's, However, these objectives are widely

accepted as standards for |LS operation.

Reliabllity 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."

e The monitors should be designed to ensure fail safe operation,
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Category 11

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 to

take corrective action".

® "One analysis has shown that the continuity of service of an LS
instal tation used for Category !I1A operation should be such
that the localizer facility and the glide path facility each

have a MTBF of 4000 hours or more."

Additional reliability objectives specified in reference are also expressed

in general terms.

In an effort to establish more specific reliability objectives for ILS equip-
ment, the Al Weather Operations Panel!l (AWOP) of the |ICAO proposed a set of
reliabitity 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 landing
time interval (signal continuity), and mean time between operational outages
(MTBO). Table 2-1 shows the proposed requirements for each reliability level

of the localizer or glide path.

Table 2-1
PROPOSED RELIABILITY LEVELS

Proposed Probabtiity of Probability of a
Level Hazardous Radiation Stutdown 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 107 (15 sec) 1000
Leve!l 3 0.5 x 107° 2.0 X 1078 (15 sec) 2000
Leve! 4 0.5 x 107° 2.0 X 1078 (10c-30 sec) 4000 (loe)

(gp =15 sec) 2000 (gp)




These reliablility levels are likely to be accepted as general guidelines for

; Operational Performance Usage with Level 1 applying to Category |, Level 2 to
3 Category |1, Level 3 to Category IIIA, Level 4 to Category (1iB and {1{C. The
proposed set of levels has not yet been accepted by (CAO. However, acceptance

i 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.

® An integrity failure can occur if radiation of a signal is either un-

recognized by the monitoring equipment or the control circuits fall
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

A line shifts are of special significance, whereas an undetected change

<
K
]
§

in modulation depth, or loss of localizer and glideslope clearance,

and localizer identification would not necessarily produce a hazardous
situation. The criterion in assessing which failure modes 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
to establish the equipment MTBF. Such a protracted period is unaccept-

able and therefore the required integrity fevel can oniy be predicted

by rigorous design analysis of the equipment.
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The MTBF of equipment is governed by basic construction and operating
environment. Equipment design should emplioy the most suitable engin-
eering techniques, materials and components, and rigorous Inspection
should be applied during manufacture. |t Is 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. [t is recommended that the equipment MTBF should be
confirmed by evaluation in an operational environment to take account
of the impact of operational factors, i.e., airport environment, in-
clement weather conditions, power availability, quality 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 Qutages) where an outage is defined as any un-
anticipated cessation of signal-in-space. It is calculated by dividing
the total facility up-time by the number of operational failures. MTRF
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
ILS system justifies its assignment to level 2, 3 or 4 requires a

judicious conslideration 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.

7=5




The GRN-27 (LS was manufactured by Texas (nstruments to U.S. Department of
Defense specifications, and has been used mainly for Category t| Operations.

A few Mark |11l ILS units were also manufactured by Texas Instruments. Those

units utilize many of the same subassembliies as the GRN-27 but incorporate
more extensive monitoring and higher levels of redundancy. The Ti Mark {{1 ILS
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 Tabie 2-! were proposed.

With tittle ICAO guidance, the FAA set reliabllity requirements on the Tl
Mark |11 System with the goal that the use of the ILS would be as safe as a

i . ot

person can predictably expect to be in day-to-day activities (Reference 2).
Those requirements were as follows: The theoretical probability of a poten-
l 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 IO.7 due to equipment failure. The results of a failure

: modes, effects and criticality analysis of the Tl Mark I1! ILS show that the

K system meets the FAA reliability requirements (Reference 3). As will be shown
in Section 5, the Tl Mark )11 JLS also meets the standards set for all cateqories
in Table 2-1,

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

"}mfﬁ'ﬁw,«' -

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

these standards.

L
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3.0 SYSTEM DESCRIPTION

The GRN-27 JLS consists of a localizer station which provides horizontal guid-
ance, a glidesiope station which provides vertical guidance, and a remote
control unit which displays the system status and provides remote cénfrol 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 analysls, 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
slinhtly different fregquencies. 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 azquired. 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 signafs 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.







The localizer course and clearance signals are formed using the same technique.

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 sldebands only or SBO,
and is radiated in a double beam pattern with a null on the centerline, also

j 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,
f 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+S8B,
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 centeriine, negative on the other side and increases in
magnitude with anquiar displacement from the centerfine. The difference is
? therefore used in alrcraft to provide angular guidance. Specifically, alr-
borne equipment computes the difference between the two modulation components
. divided by the carrier signal fevel. This computed quantity, called the
difference in depth of modulation (DDM), is displayed showing the angular
; position of the alrcraftt with respect to the centerilne. 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 simllarly monitored to ensure
adequate signal strengths.

Elar="e w B Al g’,.w,.“,‘mf.u- R gy :Fb;_."“ &




An ldentification unit, which provides the pllot 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 test assembly which
channels signals from the operating transmitter 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 transferred to 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 reliability. All monitor channels compute DDM, SDM, and
RF power level of the Input signal and then check these values against speci-
fled tolerances fur 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. It consists of an antenna and clircuitry to detect and relay an alarm

3-4
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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 monltor channel. FEach monitor
channel computes the DDM, SDM and RF levels and checks these levels agalinst
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 wel! as the time delay clrcuitry is in
the FFM combining clircuits.

Although the FFM is designed to monitor DDM, SOM and RF, as currently operated
only an out-of-tolerance DDM can cause a true alarm condition. The tolerance
Iimits for the SDM test circultry have been set so wide as to render the SDM
monitoring ineffective. Further, one of the two FFM monitor channels Is ad-
Jjusted 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 conditlon,

The system control unit processes the output from all integral monitoring
system channels as well as the output of the FFM and a temperature alarm. |[f
both monitor channels whlch process the same signal produce an alarm, a trans-
fer is effected from the main to the standby transmitter. 1f the system is
operating with the standby transmitter when the alarms are received, the system
is shut down. |I|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 "abnormai” In-
dication. An alarm from one monitor channel 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 stralght line descent path Is
formed where the modulation components are equal In strength. Alrcraft systems
compute DM to determine the aircraft elevation with respect to the descent
path. The glidesiope 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
slgnal 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 installation 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 irreqularity of the terrain in

the aircraft approach area.

The block diagram and radiation patterns for the one frequency gl!ideslope 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 signal has a

max i mum slgnal'sfrengfh on the descent path while the SBO signal has a null on
the path. The relative phasing of the signals is 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 confiqurations has a null on the descent path,
although the lower 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 signa! Is radlated and three antennas are used. By using the middle and
3-6
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lower antennas for the C&5SB signal, the CASB beam Is made narrower with a max-

Imum above the descent path. All three antennas are used for the SBO signal, {

L mat

making the lower SBO beam narrower and shifted further up than in the sldeband
reference system. Because of thils reduction in course radiation at the lower
angle, a clearance signal Is radiated to provide fly up guidance below the

i course signal.

3.2.2 GLIDESLOPE FUNCTIONAL DESCRIPTION

Both glideslope systems are similar to the localizer 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 unif. The
glideslope systems utilize a near fleld 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 glideslope 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

IS that of the localizer control unit.

The one frequency glideslope transmitter systems do not include clearance
transmitters, obviating the need for clearance monitoring equipment, In the
null reference configuration, the SBO signa! 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-
B ution circuits arc 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 two signals

cancel, producing an SBO null in the radiation pattern.

The two 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 signalis 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,
3-8
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3.3 REMOTE CONTROL/MONITOR PANEL

The remote control/monitor panel receives and displays -tatus information

from the localizer and giidesfope and allows remote control of transmitter

selection.

A separate control~indicator module is used for each locatlzer

and each glideslope system installed. Each control-indicator module has the

following four Indicator lamps: R

Main
Standby
of f

Abnormal

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

the control-indicator module:

Cycle

Silence

indicates that the main transmitter is operating
indicates that the standby transmitter is operating
indicates system is off

indicates abnorma! condition, for example, monitor

mismatch.

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

sequence each time the cycle switch is actuated.

silences an alarm buzzer which sounds when an abnormal

condition or intercom call is initiated.




R 4.0 FAILURE ANALYSIS

4.1 SPECIFIC OBJECTIVES

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

' diated ILS siqgnal:

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

! identification component.

H . . . H
2. Hazardous Siqgnal - a signal which is out-of-tolerance with respect

to on-course NDM and/or sensitivity, thus resultinn in a potentially

! hazardous situation.

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

station(s).

In the computation ~f a faulty signal, it would be desirable to compute the

probability that any jiven narameter will exceed the tolerance limits set

1 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

o probability of every failure mode or degree of failure for each electronic
component in the system. Such data is not avaifable. Further, even if the
data were available, the consideration 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

deqrade the radiated signal would, upon faiture, produce an out-of-tolerance

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 siqgnal parameters which are monitored to ensure signal integrity

are the following:




é
i
ﬁg © on-course DDM
_i o on-course SDM N
,? o on-course RF power
o course width (sensitivity)
o clearance DM (localizer and two frequency glldesiope only) 1
A signal for which any one of these parameters exceeds its tolerance is con-
. sidered faulty. However, only signals with an incorrect on course "OM and/or
- course width would create a potentially hazardous situation. An incorrect
on-course NOM could be the result of a shift of the centerline or the complete
f loss of the centerline. An Incorrect course width would 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 indirectly monitor and
prevent excessive SDM changes. Also, if the SDM level 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 « werance i nal, it

R O SR

is assumed that the critical portion of the landing seag=n @ occurs in the

3

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
confiqured and operated. A number of possible changes in critical operating
procedures and equipment were then considered to determine the most cost-

effective method of improving the system reliability.

The reliabi!ity analysis in this study is based on the procedure used in the
Mark |11 FMECA (Reference 3), modified to reflect the difference between the

4-2




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 svstem failure 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.

In this study, the fallure modes and rates given in Reference 3 were used un-
less differences between the GRN-27 and Mark [1i systems necessitated modifi-
cations, or unless an oversight or need for refinement of procedures was dis-
covered in the Mark 1!l study. The significant changes made are explained in

the following section.

In the Mark 11l study, part failure rates were derived using RANC Reliability

Notebook, Volume 11 (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 Il FMECA., Part failure
rates waere 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 111 study:

1. Equipment ambient temperature is 25° c.

2. Environment is "qround fixed"”
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4.3 MODIFICATIONS OF THE FAILURE ANALYS!S MADE FOR THIS STUDY "

4.3.1 RECOMPUTED FA!LURE RATES

The only subassemblies for which component failure rates had to be completely
redone due to differences between the GRN-27 and Mark ||| systems were the
control 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, to
reflect structural differences. Also, combination of DDM, SDM and RF alarms

from a single monitor chahnel is done in the control unit in the Mark 11} system,
but is done in the monitors in the GRN-27. The monitor failufe rates have been
revised to include the failure rate for the logic circuitry which does this

combining.

As wil) 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 fauit which could alter the SBO signa! before it

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 and used to compute the probability of

a faulty course width.

This, in effect, is a refinement of the procedure in the Mark |I| FMECA, where
the failure rate glven 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.

4-4
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A 4.3.2 REFORMULATED PROBABILITY EQUATIONS

The differences between the Mark ({t{ and GRN-27 systems which contribute most
to the difference in reliability are the levels of redundancy in the monitor-
ing and control systems. The probability equations for the Mark IIl system in

Reference 3 were reformulated to reflect these differences, as itemi{zed 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
f the Mark 111 system. Squared terms in the equations for the Mark ([
'; 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 1ll system, The integral monitor factor in the
! probability equations is no longer squared, but becomes linear, only if

landings are allowed with a monitor mismatch condition.

5. The BRN-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 111 system. This difference is only critical with

™" S

respect to shutdown probabilities, since the probabifity 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 !t system, the standby transmitter is on, with its signal
. monitored and fed into dummy loads. The standby transmitter 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 |11

equations.

5. The far field monitor has three monitor channeis in the Mark |11 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

i 4-5
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- equations as an additional redundancy fo the integral monltoring,
i making the term In which it occurs, the course DOM term, much smaller
) ) than the terms representing parameters not monitored by the far field ~

montior.

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

effect on the total probability.

i 7. The glideslope antenna tower misalignment detector alarm does not cause
a8 shutdown in the GRN~27, buif only causes the "abnormal" indicator to
f light on the remote control panel. The probability equations were mod-

ified accordingly.

8. In the GRN-27 the near field monitor of the glideslope does not send

an alarm, but only an abnormal indication, 1f RF power is out of toler-

ance. This factor was added to the corresponding Mark 111 equation. ;

] 9. A faillure in the DC/DC converters causes an alarm in Mark til 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
supply fallure probability. This revision results in only a negligible

increase in the total shutdown probability. ﬁ

10. A locallzer antenna misalignment detector (MAD) is used with the GRN-27
and not with the Mark 111. 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, it does
affect the shutdown probablility. Shutdown can result from a MAD system

failure or from the detection of an antenna misalignment. Since data

j 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
4-6




probabi lity. Also, since the probability of an antenna misalignment

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

' 11. The generation of an erroneous signal Inhibiting the monitors does
not lead to shutdown in the GRN-27, as It does in the Mark |1} syste~,
. The corresponding terms were therefore deleted from the total shutdown
probability.
!
£ Other differences between the GRN-27 and Mark {{[ 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 Il system,

three far field monitor antenna/receiver systems in the Mark 1!t system vs. one i
in the GRN~27, and DDM alarms for both Cateqory || and Category (1! tolerance ;
in the Mark 111,

Other chanqes in the Mark 11| system probability equations were required to

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

described below:

y 1. In order for a faulty or hazardous signal to be undetected, all
monitoring of the affected parameter(s) must fall before the corres-

. ponding tailure in the transmitter occurs. To reflect this, a con~

f ditional probabilify factor must be added to the relevant prcbability

equation. Taking this factor into account generally has the effect

NN

of increasing the calculated reliabifity 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.

S Ay

PO

2. According to our analysis, it Is highly improbable that a fauity on-

course SDM signal could be radiated without causing an atarm from the

‘j }A sens{tivity monitors. Therefore, the fallure rate for the sensitivity

monitors has been added to the monitoring factor in the equation for
the probability of an undetected faulty SOM signal.
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3. In the Mark |1) FMECA, there are no terms in the relevant equatlons

expressing the probabllity of a failure of the control unit to process

a far field monitor atarm. Such a term has been added to the relevant

equations in this study.

4, In the shutdown probability equations, the factor representing fallures
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 causlng a spontanecus

transfer.

5. The localizer far field monitor and glideslope antenna misalignment
detector alarms are delayed 70 and 135 seconds, respectively. During
these intervals, the localizer DIM signal could be out of tolerance 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 monltoring. For example, If there is a monitor mis-

match from the course monitor channels, a single “"dden failure in the remain-
Ing course monitor would result in the undetected loss cf integral monitoring

of all on-course parameters. Since there is a significant difference in re-

ltability between 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 varlable in the probability equations. Ffor the GRN-27, the only
indication of a monitor mismatch on the remote control panel is the lighting
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 cateqory when the remote abnormal light is on. Other faults

which woul1 also cause an abnormal indication (and no other indication) include:

Primary AC power failure
Battery charger failure
Equipment cabinet temperature out of limits (optional)

Glideslope misalignment detector alarm

Localizer far field abnorma! condition

i 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. Gince 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 j
, the probabitity equations in Table C-1 and D-1. Current operating requirements
for the GRN-?7 specify a check of the monitors and control 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 alsc calculated for other maintenance intervals (see Section 5. 4).

Hazardous sinnal probability as a function of maintenance interval was calcu-
lated (Figure 5.1) and analyzed to 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 clircuit that would be capable
of simulating faulty signals 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 probabillity equations; which, however, result in only a

negligible increase in equipment reliabllity,

4-9
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1 4.4.2 ARITICAL LANDING TIME ‘

The probabi ity of system shutdown wlthin a specified landing time is a function
Based upon the consideration given in Section 2,
landing times

of the time interval chosen,

shutdown probabilities were calculated for various critlcal

(Table 5.2). For the purpose of calculating a base case in Tables C-2 and D-2,

Iintervals of 30 seconds and 15 seconds were used for the locallzer and

{ glideslope, respectively. This means that the base case presented Is also the

"worst case", with respect to shutdown probabllities, among the various critical

critical

intervals of interest.

4.4.3 ARBITRARY FACTORS

Two terms in the probability calculations involve probabilities that cannot be

5 calculated in terms of equipment failure. These probabilities are: 1) the

probability that the ILS signal will be faulty with respect to DOM tolerance at

the far field only due to external runway dlsturbances during the critical phase

2) the probability that the glideslope antenna tower will be-

of a landing, and
To avold introducing <

come misaligned within the preventive maintenance interval.
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,

ol aite 2f

.;@m’~;)§lfﬁw«vmmm?“ Brege -




-

A
.-a-r-v-:);

! 5.0 RESULTS
4
5.1 FAILURE MODES, RATES AND EQUAT!ONS

All of the failure modes, fallure rates and probabllity 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. transmitter, control unit, etc.)
fai lure modes and rates for the localizer and glideslope respectively. The
first entry in the tables is the name of the subassembly and an identifying

| number. The ID number is used as the first subscript on a set of variables
(iambdas) 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 contained in the third column.

The fourth, fifth and sixth columns 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 contribute to

that mode. The faiture rates presented in column six represent a worst case

rad e et

since total piecepait failure rates are used even though a piecepart may have

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

The failure modes within a subassembly are identified by a letter. In many ﬂ

cases, failure modes will small differences between them are categorized under

one failure mode. These variations within a fallure 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

1D subscript, to identify the particular fallure rate.

As indicated previously, most of the modes and rates used for this study are
the same as those used in the Mark 111 FMECA. Failure rates in Appendices A
and B which are different from the corresponding rates in the Mark 11 FMECA

5=1
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are identified by an asterisk on the fallure rate variable. Failure rates

for fallure modes which were not included in the Mark 11l FMECA are identified }
by a double asterisk. Many failure modes listed in the Mark Il| FMECA are >
not included in this analysis elther because the mode does not exist in the

GRN-27, or, to aftfect the signal, the mode must occur concurrently with two

or more other modes, such occurrence being improbable.

Appendices C and D contain the faulty signal! and shutdown probabitity calcu-
lations for the localizer and glideslope, respectively. For each type of
faulty signal considered, an equation is presented representing the fallure
modes, combinations of failure modes, and sequences of failure modes which
must occur tc produce that faulty signal. The values of the variables in the
probability equations are presen’ed and used in two example calculations. One
calculation is shown assuming landings would not be alliowed 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 into single failures result-

ing in shutdown, and various categories of failure combinations, including

a failure causing a transfer to standby, then a failure causing shutdown.

As was done for the faulty signal probabilities, shutdown probability equa-

tions are presented along with the value of all variables in each equation.

Examp le 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 only and, therefore, are shown )

in the shutdown section of the table.
5-2
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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 elther the local!izer 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. FEach is the
sum of probabllities of different types of faulty signal (e.g. faulty DDM,
SDM, RF, etc.) and the failure rates for certain control unit, monitor and

transmitter failure modes are included in more than one term contributing to

the total.

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

time, as can be verified from Table 5,1,

Results are presented for critical time intervais 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 ICAQ reliability
standards can be met, while the 10 and & second results can be used to compare

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

All the results in Table 5.1 assume the system is operating on the main trans-
mitter before a landing attempt is allowed. 1f either the localizer or
glideslope is operating with the standby transmitter, single transmitter 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_5. The corresponding
figure for the glideslope is 36.01 X 10-6. Adding these to the respective

totals for single fallures causing shutdown (pages C-16 and D-16), and re-

5-4
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moving the probabilities for failure modes that cannot occur when operating

on standby, gives the following probabilities of shutdown: i

Localizer (30 second interval) 8.65 X 1077

. Glideslope (15 second interval) 2.07 X 10-7

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

J monitcr mismatch.

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

or standby transmitter.

5.3 SAMPLE DETAILED RESULTS

fach faulty signa! probability listed in Table 5.1 is the sum of the probabi!-
ities of a number of different types of faulty signal (NDM, 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

R

obtained, It is usefu! to list detailed failure probabilities for a few of the
cases in the table. The cases selected involve the localizer and two frequency

glideslope, a one-week interval between system checks, and 30 and 15 second

(VL W

critical landing infervals for the focalizer and glidesliope 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 calcutations 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.

5=5




A. Localizer Faulty Signal Probability

- PesE
2. Pose
3+ Pese,
4 Py
5. P,
6. P

B. Glideslope Faulty Signal Probability

1. P :
CSEDDM

2. P :
CSESDM

5-¢

Table 5.2 Base Case Failure Probability

.023
.918
. 095
.753

.133

.308

.001
.548
.331
.676

.522

.326

10




Table 5.2 Base Case Failure Probability (continued)

C. Localizer Shutdown Probability

1. P 1.711 % 1077
| 2. P : 4.988 x 10713
| 3P 8.461 X 10717
4 Porgy 1.305 X 10°°
CSE
S Pstay, 2.536 x 10710
6 Porpy 6.391 X
- Perpy 1.136 X
8. Pergy 5.071 X
9. Prony 5.920 X
ra 10, Peee/1n 3.301 X
; 1. Pepy 1.289 X
12. Py 2.947 X
, 13. P 4.536 X

.813 X




Table 5.2 Base Case Failure Probability (continued)

10.

11.

12.

Glideslope Shutdown Probability

AB
AC
PSTBY (¢
PSTBY
PstBY,,
PsTBY
Peonv
CSE
SEN

cL

NF

5-8

.395

.453

.075

.167

.082

.399

.983

.306

.168

.445

.233

1.052 X

1078

10‘]4

10‘12

10‘]0

10710

10-11

10—10

10‘]0

10

10-1

10-10

10-]0

.538

>

1078




Table 5.2 Base Case Failure Probability (continued)

E. Summary

Faulty Signal Probability

Localizer 3.308 X 107°

Glideslope 2.326 x 10°°
Shytdown Probability

Localizer 1.813 X 10'7

Glideslope 6.538 X 1073

i 5-9




For both the localizer and glideslope, the on-course NDM fault probabllity is
several orders of magnitude smaller 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 unit.

Although the hazardous signal probabilities are not specifically listed in 1
Table 5.2, they are the same as the probabillties of a signal with faulty
sensitivity. A hazardous signal can result from a faulty on-course "DM or a

faulty sensitivity, and, since the on-course DOM fault probability is so small,

the sum of these two terms is equal to the faulty sensitivity probability.

———— o a———

From Table 5.2, Sections C and D, it can be seen that the shutdown probabil-
ities are dominated by the probability of a single failure causing a shutdown
(FS). This is to be expected since the probabllity of multiple failures is

! the product of the individual probabilities, generally resulting in a low

value.

y -

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.

1 Since the remote control panel indication of a monitor mismatch is the tight-
: ing of an "abnormal” indicator, the retiability 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.

e

5=10
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! Table 5.3 Base Case Probabilities With Landings
Not Allowed with a Monitor Mismatch

A. Localizer Faulty Signal Probability

-16
1. p.. : 4.667 X 10
CSEppy
-8
2. P : 3.082 X 10
| CSEq
! -8
; 3 Pk, 3.553 X 10
| 8
~ 4. Py 1.534 X 10
| 5. P : 3.551 x 1078
| - : .
i 6. Per 0
1.172 x 1077
} B. Glideslope Faulty Signal Probability
. -15
; 1. p : 1.370 X 10
4 CSEpom
-8
2. P : 2.899 X 10
CSEq oy
) 3. Prep 3.0917 x 10714
RF
-8
4. Py 1.525 X 10
5. p 3.363 X 10°8
cL :
6. Pary 0
7.788 X 1078
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Table 5.3 Base Case Probabilities With Landings Not Allowed
with a Monitor Mismatch {Continued)

C. Localizer Shutdown Probability

B e TR e R P U SR - M S i

1. P : 1.711 X 1077
i -13
f 2. Pp 4.988 X 10
{ , 12
3.0Pe 8.461 X 10
’ 4 Porgy 1.305 X 10°°
: CSE
: 5. Porgy 2.536 x 1070
SEN
, 6. Porgy 6.391 x 10”10
| cL
| -9
i R
! 7. Perpy. 1.136 X 10
: 10
-9
B. Peray 5.071 X 10
-10
9. Pony 5.920 X 10
: -14
10. Pege/qp 1.657 X 10
11. P 6.394 X 10°1°
- Pen :
. 14
12. Py : 1.461 X 10
-14
13. Pgp 2.250 X 10
1.801 x 10°/
1
: -
j i
% 5-12
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Table 5.3 Base Case Probabilities With Landings Not Allowed
with a Monitor Mismatch (Continued)

D. Glideslope Shutdown Probability

1. P : 6.395 X 1078
}
, _14
2. P : 2.453 X 10
12
3. Ppe 4.075 X 10
10
4. p : 2.167 X 10
STBY o
5. Porgy 1.082 X 10710
SEN
-n
6. P 5.399 X 10
STBY
7. p 4.983 x 10710
- Porpy -
: -10
; 8. Prony 1.306 X 10
_15
; 9. Prsp 2.897 X 10
.15
10. Pgey 1.598 X 10
-15
i 1. P 3.058 X 10
-15
. 12. Py 2.609 X 10
6.497 X 10‘8




E. Summary

Faulty Signal Probability
Localizer

Glideslope

Shutdown Probability
Localizer

Glideslope

;
)
§
£
H
4

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

1.172 x 107/

7.788 X 108

1.801 X 1077

6.497 X 108
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5.4 PREVENT IVE 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. Fiqure 5.1 gives the probability of an undetected hazardous siqnal as

a4 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 2.7 hours if landings are

allowed with an "abnormal' indication,

LB UNKNOWN FACTORS

[
.

o FAR FIELD LOCALIZER SIGNAL DEGRADATION DUE TO RUNWAY DISTHRBANCE

The probability of an undetected deqradation of the course position siqgnal at
the far field only is a function of the probability of external runway distur-
bances. GSince the deqgraded siqgnal may be hazardous, it is desirable to 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 siqgnal probability meets the proposed in-
teqrity level. 5Since 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 externa! runway
disburhances. This term is zero if the far fleld monitor is monitored with no
delay at the remote control 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:

5-15
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Figure 5.1. Localizer or Glidesiope Signal integrity as a Function
of Preventive Maintenance Interval
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If 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 1O~‘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 10-11 in order for the corresponding hazardous

signal probability to be less than 0.1 X 107°.

The threshold values given are to be compared with estimates of the probabifity
of signal degradation due to external 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 indication, in effect providing a warning before a tilt

is serious enough to cause a shutdown due to near field monitor action. Further,
a tower misalignment could have effects on clearance and sensitivity undetected
by the near field monitor. Since the degree of tilt detected by the misalign-
ment detector would affect the glidesliope path near the runway threshold if the
tiit was towards or away from the runway, this provides an additional argument
for downgrading the system when an abnormal indication at the remote control
panel occurs. (In the Mark Il| System, a misalignment detector alarm causes

shutdown).

The probabllity of the radiation of a faulty signal, due to antenna tower mis-

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




cimn . o " ————— S —

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 ftoward discovering the values of the probabil-
ity of antenna misalignment for which the associated hazardous signa! prob-
ability meets the proposed integrity level. Since the probability of hazardous
signal due to antenna misalignment is only one component of the tota! hazardous
signal probability, it was provisionally set equa! 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 term in the calrulation of the hazardous signal probabil-
ity due to misalignment. This term is zero if vthe misalignment detector is
monitored with no delay at the remote control panel (although this option is

not under consideration).

Withnut remote control monitoring, the probability of tower misalignment must
he tess than 4.5 X IO~7 in order for the hazardous signal probab:lity due to
misaliqnment to be less than 0.1 X ]0-9 {assuming a 168 hour maintenance inter-
val). With remote control monitoring, and not allowing landings with an ab-
normal indication present, the tower misalignment probability must only be less
than 1.8 X 10_7. If landings are allowed with an abnormal indication, the
tower misalignment probability 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
expericnce, in order to determine if the probability of a hazardous signal due

to tower misalignment is within the proposed limits,

.- .
—taket LM&.‘_.\..M‘;«»G;' .

——

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

discussed in this section.
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5.6 REVISED MARK 11} RELIABILITY RESULTS

Table 5.4 provides the results from the FMECA of the Mark 111 System (Refer-
ence 3) and the same results modified to conform to the methodology used in
this study, for purposes of comparison of the reliabl!lity of the Mark I{l and

the GRN-27. The modifications are listed below:

e Conditional factors were added to the faulty and hazardous signal

equations.

e Transmitter failure rates in the sensitivity terms were replaced by

failure rates for transmission of faulty SBO onty.

e Changes were made to reflect assumptions made for the GRN-27 base

case:

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

wise noted;

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

15 seconds for glideslope;

‘ 3. arbitrary factors (loca'izer signa! degradation due to external

runway disturbances, glideslope antenna tower misalignment) were

set to zero.

® Hazardous signal probabllity is the sum of the DDM and sensitivity

terms only.

R O O ST U N Y R
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Table 5.4 Revised Mark III Reliability Results

Mark III Results

Results from Revised to Conform
Mark IIl FMECA to Methodology of
(Reference 3) GRN-27 Study*
Faulty Signal Probability
Local izer 9.334 X 107° 2.296 x 10712
Glideslope 9.089 X 1072 1.495 X 10712
Hazardous Signal Probability
Localizer 2.141 x 10710 6.791 X 10°'%
Glideslope 1.518 X 10710 6.798 x 10”'%
Shutdown Probability
Localizer 5.617 X 10°8 1.655 X 10”7
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.

;
5
i
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6.0 FIELD EXPERIENCE

6.1 FACILITY MAINTENANCE LOGS

Table 6~1 suymmarizes 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

\ shutdown /shutdown

corrected by
equipment

adjustment

Outages due to
Power Supply Sys.

down, cause€
independent o

Shutdown,
cause
unknown

20.6%

Outage, cause unknown
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Not all of tho cutages recorded were fhe result of automatic shutdowns, or
failure whiot reeglt in g toss of signal (such as power failures). Some
outages rourewent failures to bring up the equipment when switching from one
runway ‘o another, Others represent instances of the system being taken out

of wervice tor rorair, or to investigate an "abnormal™ indication.

Ditaae, irvolving repair actions on the transmitting units only were most
~itter ~hatdowns of the standby transmitter, after operation for some
ner il on standby, or a rosulft of repair action taken to correct some irreg-
Llar ity o abnormgl indication.  in either case, there would have been an
e " Tntiestinn, or some othor failure indication, for some period of
i hetore shutlown, unlesse the standby transmitter was already faulty be-
tr o oafer acoarre”, caucing g shutdown as scon as the main transmitter

Che s vt ftean fer 4 o tanddby was madde. None of these cases cauld he dis-

i

sl onet fram ogoh ather on the basis of the information in the lons, nor

Pooit o cetermineet with confitence that the fransmitter subassembly re-
yire s e, e tirect caae of the outage. Therefore, all such cases were
in Loed e~ L hggen with unknown rauses.

2

5, TraApy o 1T THE FATLYRE ANALYSIS

Tl ety e rer taan tho-e determined to be non-shutdown outages (Class

VELL T Talte =15 are agnecme ! to be shutdowns, we have the following actua!
wor ot ooyt tawn nrahagbilitiase
LO [ -
- . . - -6
Oronahility of shutdown in a 30 second interval: .15 X 10
-6

Probhability of shutdown in a 15 second interval: 1.07 X 10

“Hidlesdape

Probability nf shutdown in second Interval:




_?
|

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 ltogs (i, i1,

1l and VI in Table 6-1):

Localizer
Probability of shutdown in a 30 second interval: 8.68 X 10-7
Probability of shutdown in 2 15 second interval: 4.34 X 10_7
Glides lope
7

Probability of shutdown in a 15 second interval: 5.90 X 10~

For purposes of comparison with the theoretical analysis, only identifiable
tallures 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 107/
Probability of shutdown in a 15 second interval: 2.20 X 10-7
Glideslope

Probabliity of shutdown in a 15 second Interval: 4.69 X 10~/




For comparison, the corresponding theoretically calculated probabilities

(from Table 5.1) are:

Localizer
7

8

Probability of shutdown in a 30 second interval: 1.81 X 10~
Probability of shutdown in a 15 second interval: 9.07 X 10

Glideslope

Probabi lity of shutdown in a 15 second interval: 6.54 X 10-8

A 16R hour maintenance interval is assumed. Also, the calculated probability

for the glideslope is for the two frequency glideslope (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 faiture rate contributing to the probability of shutdown is

3.52 X 1077, But actual experience gives a much higher fallure rate, with

35 failures in 1,206,780 system hours, or a failure rate of 2.98 X 107> 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 t11+t
detectors. Also, both cutages !isted as due to rodent activity were the re-
sult of rats having gnawed the insulation off wires connected to the tilt
detector. Further, only two 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 |isted under "earthquake"
was also caused by MAD alarms.) And, finally, three outages 1isted under

unknown causes were due to inexplicable MAD alarms, wlth no fault found In

the antennas or detectors.




The actual reliability of the monitor alarm processing circuitry in the control
unit is of Interest in assessing the level of confldence in the theoretically
calculated probabitity 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 transfer card in the contro! 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 involving 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.
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Table 6-1

GRN-27 Unscheduled Outages (1981)

Number of Qutages

Percentage of
Type of Outage Localizer Glideslope Total all outages

I. 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
NDistribution Circuits 2 3 5 1.6
Misalignment Detector (does 3 N/A 3 1.0
not include corrosion-
related fajlures) H
Far Field Monitor 2 N/A 2 0.6 !
Proximity Probe 0 | ! 0.3 ‘
Antenna Coupler 0 1 1 0.3 '
Monitor Interface §] 1 1 0.3
Connector on Monitor Feed 0 ] 1 0.3
Cable
Al't single component failures 31 33 64 20.6%
I'l. Shutdown resulting from faulty 1 0 1 0.3%
signat, followed by fallure
to effect changeover !
It1. Shytdown, corrected by adjust- '
ment of the indicated subassembly
Peak Netector 2 13 15 4,89 f
Transmitters 6 9 15 4.8 4
Monitors 3 10 13 4,2
Loose Hardware 6 3 9 2.9 (
Near Field Monitor N/A 2 2 0.6 ;
Far Field Monijtor 1 N/A 1 0.3 :
NDistribution Circuits 1 0 \ 0.3
Unknown 0 2 2 0.6
] All shutdowns corrected by 19 39 58 18.7%

ad justment
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Table 6-1
GRN-27 Unscheduled Outages (1981) (Continued

Number of Outages

Percentage of

Type of Qutage ) Locallzer Glideslope Total all Qutages
Shutdown due to snow, rain
or lightning
Snow 6 3 9 2.9%
Rain 2 1 3 1.0
Lightning ! 0 1 0.3
Unspecl fled weather-related 0 2 2 0.6
outage —_ —_ —
Subtotal 9 6 15 4.8%
Shutdown not caused by ILS
equipment
Commercial lines 14 2 16 5.2%
Antenna Misalignment (de- 5 0 5 1.6
tected by misalignment
detector)
Corrosion 3 0 3 1.0
Improper Operation 1 2 3 1.0
Externa! Runway Activity 0 3 3 1.0
Faulty Shelter Heater or 2 1 3 1.0
Air Conditioner
Rodent Activity 2 0 2 0.6
Earthquake \ 0 1 0.3
Subtotal 27 8 35 11.6%
shutdown, cause unknown 43 21 64 20.6%




Table 6-1

GRN-27 Unscheduled Outages (1981) (Contlnued)

Number of Outages

Percentage of

Type of Outage tocalizer Glideslope Total all Outages
Vi1, Outages due to power supply
system
Blown fuses or tripped 5 9 14 4.5%
circuit breakers
Loss of prime power, with 5 2 7 2.3

ensuing failure in back-up

Subtotal 10 11 21 6.8%

Vi1, Non-shutdown outages

System taken out 12 6 18 5.8%
for repair
Failure to come up 15 3 18 5.8

Subtotal 27 9 36 11.6%9

(X. Outage, unknown cause (un-~ 1 2 13 4.2%
clear if outage was a
shutdown) —_— —_— —
Total 178 132 310
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7.0 POSSIBLE EQUIPMENT MODIF!CATIONS
7.1 TEST SWITCH

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

test parts of the system. When thrown, the switch activates a relay, thereby
Introducing a faulty signal into the monitor channe!l. 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 control unit are operating. The test also
verifies the operation of the monitor channels. However, because of monitor
channel redundancy, failures in the control unit are far more like to produce

a hazard.

To achieve the high levels of reliabllity required for Category 11! equipment,

It would be necessary to test the GRN-27 more frequently than currently required.
It would be sufficient to use the monitor channel switches to perform this test
since possible hidden failures in the control unit 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
afarm 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),

7-1
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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 fieid monitor does not issue an alarm until a faulty signal has been
received conti-uously for a delay interval of between 70 and 120 seconds.
Therefore, it would be useful to provide the controller 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
nbstructions, such as overflights or taxiway activity, and those with no
apparent cause, such as a system fault. Such a remote display system has been
built at the NAVAINS/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 probabiiity and duration
of all *ypes 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

low. Considering these constraints, the reliabllity 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.

pEepm——
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Southwestern Communications, Inc. has designed and tested improved transmitter
power amplifiers for both the localizer and glidesiope 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 fo 1.38 for the original

equipment,

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

E equipment requires periodic readjustment after turn-on.

b,

® Shorter time required for transmitter stabilization.

® The same power amplifier is used in the course and clearance trans-
mitters. However, the lowest power level fto which the original ampli-
fler can be adjusted is often too high for the clearance transmitter,
which must meet a 10 db course to clearance power ratio criterion.
The imr.roved 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,

The original equipment amplifier contains components which will soon

become unavailable (2N5016 transistor).

— ‘—-I.IL.IX“M 3 Aot o s lnn
L ]

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

10 watts for the original equipment.
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e Lower power levels are possible with the improved amplifier making it

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

Although the new amplitiers would not have any significant Iimpact on the prob-
ability of a faulty siqnal 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 discunsed in Section 6, the peak detectors in both the focalizer and

€ glideslape systems are prone to failures which result in shutdown. These

| tailures are, in part, the result of the approximately 160°F ambient environ-
ment maintained by 2 “ei*er within each peak detector. Also, 2ach 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 desiqgn. These improved peak detectors do not contain attenuator switches,
i and are operated in an environment maintained at 120°F. Although detailed de-

sign data have not been made available for a reliabitity analysis, the improved

design should result in much impro-ad 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

actual 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

st X St i Bl i it s

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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7.5 IMPROVED INTEGRATED CIRCUITS

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

Pg. 2.1.5-1) would result in hazardous signal probabitities of 0,138 X 10-9
for the localizer or glideslope, assumming a one-week interval between system
checks and assuming that landings would not be allowed with an abnormal indi-
cation. However, the gates in the GRN-2Z7 are non-standard and not available
in a higher quality version. Higher quality gates could 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 localizer, near field for glideslope) as wel! as by inteqral monitors,
while the course width is monitored only by integral monitors. Therefore, the
probability of hazardous signal is equal to 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 I~-alizer cour<e width in the field would require placing an
antenna to the side of the course centeriine, near the far field monitor sys-
tem. For the glideslope, an antenna would have to be placed above or helow
the near field monitor antenna. Also additional circuitry would have to be
added to process the siqnals from the new antennas. Such monitoring is used
on LS units in the tnited Kingdom. However, the implementation of this type

of monitoring would be expensive.

1
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3.0 CONCLUSIONS AND RECOMMENDAT IONS

As Table 5-1 shows, the proposed |CAO hazardous signal probability limit ex-
pected to be recommended for Reliability Level 3 and 4 equipment (0.5 X 10-9)

¢ he met hy 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 cateqory of operation is downgraded with an abnormal indication

on the remote indicator panel.

It 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 all ICAO proposed loss of signal probability limits as

currently configured and operated.

With the GRN-"7 operating on the standby transmitter (that is, as a sinqgle

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 fimes that of the system with both transmitters available. The
hazardous signal probability is the same whether the system is operating wlth

a standby fransmitter 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 probabitity,

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 ()\r: ) indicates that the failure rate for that fajlure
mode is different from the corresponding value for the CAT. IIl
system as given in Ref. 3. A double asterisk superscript (\'y )
indicates a compietely new failure mode. Al) other failure rates
are from Ref. 3.




TABLE A, LocAL1ZER FAILURE ANALYSIS
PAGE 1 oF 15
IDENTIFICATION
FAILURE
Item L.D. FAILURE FAILuRE Rate p
' . \ YEMARKS
NAME No. FuncTrow MoDE EFFECT (Ax10°)

Control Unit 01 The control unit pro- | Generation |[Causes a transfer 3.18 A;Al fi:1the te
cesses alarms received | of an er- |to standby. A" ailure ra
from the monitor chan- | roneous 1A1 | for parts allow-
nels, providing signals | transfer . ing a spontaneous
to transfer main to signal, (>\M2' transfer to stand-
standby, to shut down 1.829) by transmitter,
both transmitters, or * )\' is the
to indicate a monitor 1A2 fail t
mismatch. In addition, P a “;: ;" e
the control unit gene- or 3“;“ whic h
rates inhibit signals, can fail s““:h b :t
displays both locaily a ;""""’ sima e
and remotely transmit- :" afpers'st "'9
ter status, and displays :?s er sxg:at
various power/tempera- :o n Cause shut-
ture alarm conditions wn.
for both the main shel-
ter and far field moni- | Generation | Causes immediate 2.982
tor. Operational fea- of an system shutdowr )\'
tures, such as bypass erroneous 18
of monitors, main unit | shutdown
select, memorization of | signal due
alarms are also to atarm
associated with the processing
control unit, circuitry.

Inability |Monitoring of 2.870 "
to process | the integral * }\IDI 1:;”:0:“”:::
a transfer | course, sensiti- 10 Yiowing fault pai
signal. vity, I.D., and/| ()\* 3 10: ng "i" ty sig-
or clearance is p1 * | "3, ‘o persist.
virtually ren- 1.180) | Ay, is the part of
dered useless. A = | A*__ including only
102 ID1 failures which
0.913) |would not result in
(\* an "ABN* or “MONITOR
103 = MIS':ATCH" indication,
1.730) | Ajp; is the faflure
rate for parts
preventing transfer
and resulting in
shutdown upon at-
tempting transfer.
Inability Results in a 1.143
to process | loss of far Al
a shutdown | field monitoring 1€
signal. capability.
Inability | Loss of remote 1,143
to process | recognition of >\*
any or all | respective 1J
power/en- | alarm conditions (}\I .
vironmental J
alarms. «
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TABLE A, LocaLtzer FAILURE ANALYSIS

PAGE 2 OF 15
¢ IDENTIFICATION
- FAILURE
[Tem [.D. FAILURE FAILURE RATE
FUNCTION - Ay 10 REMARKS
NAME No. MoDe LFFECT (Ax10)
Control Unit 01 Generation { The main trans- 1,039
(CONTINUED) of an erro-|mitter is shut A
neous con- idown for at 1M

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-| §.232
of a con- |nels are inhibit-| A\ *
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] X\*
a main in- jinitiates a 17

hibit to transfer. an

the monitor| inmediate shut-
channels. |down will occur
since the moni-
tors are not
inhibited during
the transition
period,

Loss of A1) control logic] 0.88
+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 alsof hence, do not
included} |[alarm.

Combining 49 The combining circuits | Generation { Immediate shut- 1.345

Circuits assembly of the far of a shut- {down of the AL
field monitor processes| down signal{entire localizer 49EF
the alarms of the moni- station,

tor channels, the DC/DC
converters, the battery|Inability tol Loss of far field 1.%30
charger and a tempera- [process a monitoring A
ture alarm. This pro- |monitor capability, 49F
cessing includes the alarm,
time delavs necessary
for far field monitor
channel alarms,

P YRR
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; TABLE A, LocAt1zerR FAILURE ANALYSIS

<
' paGe 3 of 15
]
[DENTIFICATION
! FAtLURE
' 11EM 1.0, . FATLURE FatLugre RaTE PEMARKS ~
B Name | No. FUNCTION Mobe ErrecT | (AXIO)
Combining 49 Inability |Effective loss off 0.022 This failure mode
Circuits to pracess |[a far field * represents the
(CONTINUED) an alarm monitor channel, 494 failure of that
from a part of the alarm
single processing cir-
mont tor cuitry which is
channel, duplicated for
each monitor
channel .
*
)\#QF represents
the failyre

of that part of
the alarm pro-
cessing circuitry
which is common

}

4

g to both,
Loss of dc | Inmediate shut- 0.690
output vol-{down of the en-

. tage on tire localizer 49M

! +5v requla-{station, caused
tor. by the generation

of a shutdown

signal from the ’
far field
monitor.
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TABLE A, LocaLizeErR FAILURE ANALYSIS
PAGE 4 oF 15
IDENTIFICATION
< FAILURE
ITem [.D F FAILURE FAILURE RATE
' UNCTION REMARKS
NAME No. MoDE ErFFecT (Ax 19
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 ;\NA not occur on
or STANDBY) 07 | to the course power warning signal failure of
. (N) | amplifier. The carrier capability. = >\2A standdy unit.
is also modulated in
:gezotnnsni tter by the or\ga NOTE:
Hz 10 tone and
also the low frequency P 5‘]1"’““ the
: ignal ailure rate of
warning sig Loss of RF | Loss of 7.150 each separate
(when necessary). carrier. course C+SB item identified
and 5B0 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 r mitter delivers a modulation. | sidebands on }\ not occur on
(MAIN or o clearance C+SB to the the C+SB signal]’™NA failure of
STANDBY) 09 antennas via clear- standby unit.
ance distribution Loss of RF | Loss of clear- [7.150
circuits. In ad- carrier ance C+SB and
dition, YHF carrier * SRO s1qnals N8
and +18 vdc are fed gnals.
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 SB0 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 2,413 Trans fer would
(MAIN or VHF carrier am- Tow freq. the following }\ not occur on
STANDBY ) or plitude modulated oscillator system sig- NA failure of
08 by a 90 Hz and (14.4 Hz) 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+S8
- A LOW fregquency modulation. | 3. LF 90-150
904150 Hz signal 4, Clearance
which feeds the S80
clearance trans- 5. Course SBO
mitter; and a 6. S8 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
digttal sfgnal & B
phasing ckts{ course SBO
(to either | signal.
or both of
the 90 &
150 phase
shifters).
o
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TABLE A,  LocALIZER FAILURE ANALYSIS
PAGE 5 oF 15
IDENTIFICATION
: JFaTLURE
ITem I.D £ FAILURE FAILURE RATE
o2 FuncTion ' REMARKS
N No. Mope EFFECT [ Ax10°)
! Modulator 03 %gasdof 90 or Ou; of 1.453
ividers, [tolerance
A (Continued) or synchroniza- [course and c
08 tion circui- |[clearance
try or 90/ C+S8 and S80
150 Hz shift |signals.
registers.
|
< Loss of A/32 |Siight distor- |2.426 Mot Hazardous.
. driving sig- |tion of the
: nal to delay |course C+SB ND
. 1ine (either [and SBO sig-
the 90 Hz or |mals.
150 Hz phase
shifter),
Loss of A/16 |Distortion 2.426 Mot Hazardous.
driving sig- [somewhat more )\NE
nal to the than 32
delay lines of the course
(efther the C+S8 and
90Hz or 150 S80 signals.
Hz phase
shifter).
Loss of )\/8, Out of toler- | 12.832
‘ ance course
; Ay N LB o NF
4 )\/2 or A2 |SBO signals.
signal to
.3 the delay
line. (either
the 90 Hz or
.50 Hz phase
shifter).
Loss of +90, | Out of toler- | 1.302
-90, +150 or | ance course )\G
-150 Hz phase | C+S8 and
shifter RF SBO signals.
signat.
Loss of +90, | Out of toler- | 0.5234
-90, +150, ance SB0 had
or -150 Hz signal. G1
phase shift-
er RF signal.
Loss of ef- Out of toler- | 1,552
ther 90 Hz or| ance clear-
150 Hz sinu- | ance C+SB
soidal signal| & SB0 signals.
i for clear-
ance trans-

mission,




TABLE A, LocaLizer FAILURE ANALYSIS

paGe 6 of 15
IDENTIFICATION
FAILURE

ITem [.Dd . FaitLure FAILURE RATE 6 R

Name No. UNCTION MoDe ErFecT ( Ax10°) EMARKS
Modulator 03 Loss of 90+ | Loss of modulad 0.388

150 Hz signa] tion for cleard
(Continued) or ance transnit- >\l
08 ter resulting

in SB loss of
clearance C+S8

ke 8o

- i 'y

Loss of 90- | Loss of clear-| 0,756
150 Hz sig- | ance SBO sig- >\
nal nal NJ
Course Monitor | 35 [Provide monitoring lLoss of Loss of 1 of 13.539 If another cor-
CHANNELS (1 or of the course posi- monitoring 2 monitors. v responding moni-
2) (MAIN) oF ltion (DDM), the % ability, Now dependent A tor alarm failure
36 ddtation (SOM), producing on remaining occurs in the
nd the course RF alarms monitor for remaining monitor,
power level, system con- localizer will trans-
trol (trans- fer, then shut down.
mitter trans-
fer capabi!ity{
Loss of Loss of 1 of 5.'62
monitorin 2 monitors. - .
ability, i Now dependent >\NB If the same failyre
producing upon remaine occurs in the remaining
no alarms. | ing monitor mog!t:r‘ ha;]alrdous
radiation wi o
::;t:g?tem undetected. ]
Clearance 43 [Provide monitoring Loss of Loss of 1 of 13.50¢ If another corres-
Monitor of the clearance monitoring 2 monftors. * oonding monftor alarm
CHANNELS Or DM, % modulation, ability Now dependent NA failure occurs in the
{1 0or 2) 44 nd clearance RF producing upon remain- rémayning monitor,
power level. alarms. ing monitor localizer will trans=
for system fer, then shut Zcum,
control,
Loss of Loss of 1 of 5.78 I€ the same failyre
monitoring | 2 monitors. )\' occurs in the remaining
ability Now dependent NB monitor, hazardous
producing upon remain- radiation will a0
no alarm, ing monitor Jndetected.
for system
control.
1.0, Unit 06 |Provides a keyed Loss of ID Transfer to 3.949 Transfer would
(Main or 1020 Hz audio s fgnal standby unit. )\ not occur on
Standby) O isignal (ID TONE) {audio) NA failure of
11 [to aircraft for standby unit.

runway & approach
identification.

Loss of code
or keying.

Transfer to
standby unit,

13,134

NB

ABobetilt s
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TABLE A,

LocALIZER FAILURE ANALYSIS

PAGE 7 oF 15
IDENTIFICATION
FAILURE
ITem I.0, FATLURE FAILURE RaTe
FUNCT 10N : Ay 108 PEMARKS
NAME No. Mobe LFFECT (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
(low) DC channels process
peak detector then . }Y
N output the failure as 08
converts the RF signal . .
into a low-frequency signal. being a drop in
signal, both OC and AC. Course RF Dower
The DC is representa- a as
< in modulation
tive of the RF power; reentage
the AC is the demodu- pe 98
lated 90715071020 Hz ausing transfer,
. 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| (1ow) DC channels process )\2
antennas., The peak output the signal as 3B
detector converts the signal. being a drop in
RF signal into a low course RF power,
frequency signal, both an increase in
OC 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 loss | Loss of input 0.789
Seak 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
of signals obtained - .
from both proximity Incorrect The monitor 0.386 .
{(Yow) DC channels process
probes and a sampled .
. output the failure as 268
signal of clearance 1 bei
C+SB and $BO. This rf | St9mal. eing a drop fn
; fe clearance RF
input signal is con- power, an ine
verted to a low-frequ- 'Y
crease in OOM,
ency siqnal, both AC & causing transfer
! DC. The DC is represen- then sgutdown
, tative of the clearance *
; RF power; the AC is the
: demodulated 90/150 Hz
clearance siqnal,
Sensitivit 2. Provid Loss of mo-iLoss of 1 of 2 mo¢ 3.596 If another corres- {
Mon‘tg;v ’ ! ar t;:vco:r::nl:g:;n?og;) nitoring a-{nitors. Now dapen .A ponding monitor DOM
CHANNELS /1 39 ' ‘I bility pro-/dent on remaining! failure occurs in
or 2)(MAIY) ducing monitor for Sys- remaining monitor,
alarms, tem control, ‘ transfer, then shyt-

Jown will result,
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TABLE A, LlocaLizer FAILURE ANALYSIS
PAGE 8 oF 15
| DENTIFICATION FATLURE
[TEM [.n, c FAILURE FATLURE RaTe 5
Name | No. -UNCTION Mobe ErrecT  [(AX10D) REMARKS
Sensitivity| 38 loss of moni- {loss of 1 of 2 3.12 Only DDM monitor-
Monitor or toring ability)monitors, Now A ing circuitry
CHANNELS producing no |dependent an NB is critical, If the
(1 or 2) 39 alarms, remaining moni- same failure occurs in
(MAIN) tor for system the remaining monitor,
(CONTINUED) control. hazardous radiation wil)
go undetected.
Identifica-| 34 Each 1.D. monitor re- Loss of moni- |Loss of 1 of 2 5.742 If another such
tion Moni- ceives its respective in{toring ability{ 1.0, monitors. (total) failure occurs
tor Assem- put from the AGC outputs lof one of the | Now dependent ony )\ in the I.D.
bly (I.0D. of the integral course in 1,D. remaining 1.0, 34A1 = | monitor, the
Monitors position monitor chan- onitors, pro-imonitor for A system will
No. 1 or 2) nels, Each [,0, monitor (ducing an system control. 34A2 = | immediately
checks its input signal lalarm, )\ transfer and
for the presence of a 34A3 =| then shut down.
keyed (coded) audio 1.918
(1020 Hz) tone. An alarm .
is produced whenever a
loss of audio or keying |Loss of Loss of 1 of 2 1.050 Not hazardous.
exists over a definite nitoring [.D. monitors, A The I1.D. signal
time interval. ability of Now dependent 348 is assumed non-
one of the on remaining essential,
in 1.0, monitor for
nitors, pro-{system control,
ducing no
alam,
Identifi- 34 The 1.D. monitor assem- |[locs of +12 Al 1.0, moni- 0.423 Not hazardous.
cation bly contains the two volts of tors are ren- )\ [.D. signal
Monitor 1.D0. monitors. A common |regulator. dered useless. 34€ assured not
Assembly voltage regulator {+12, No alarms are critical.
(Requlator/ +15, -12V) supplies produced and,
Atarm Logic power to both monitors. hence, opera-
Alarm logic is also con- tion continues.
tained within this [.D. signal
assembly, monitoring is
totally lost.
Loss of +IS |1.D, alarm out- | 0.137
volts of puts 70 to a
regulator. "high" logic 34F
level. The con-
trol unit pro-
cesses this as
an immediate
transfer 4 then
a shutdown.
toss of -12 Alarms on all 0.290

volts of
requiator,

1.D. monitors
causing an im-
mediate transfer
and then a
shutdown.

Nes

Alarm Ipgic

causing a main

1.0, alarm,

The control u-
nit processes
this as an im-
mediate trans-
fer and then a
shutdown.

0.262

34H

""""""!-----n----u.,'
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TABLE A, LocALizer FAILURE ANALYSIS
paGe 9 oF 15
IDENTIFICATION
FALLURE
[TeEM .0, . FATLURE FatLure RATE
Name No. UNCTION MoDE ErFecT (AX10™) Remarks
Identifica- 34 Alarm logic | Lass of main 0.434 Not hazardous -
tion Monitor inhibiting {1.0. monitoring )\3 1.D. signal
Assembly the main ability, 41 assumed not
(Requlator/ 1.0, alarm, critical.
Alarm Logic)
(CONTINUED) Alarm logic |Shutdown of 0.172
inhibiting |[standby trans- A
the main mitting unit. 349
I.D. alarm.
Alarm logic |Loss of standby | 0.242 Hazardous ')\34K
inhiditing {I1.D. monitoring . -
the standby |ability. Nk }z similar to
1.0, alarm, 140
Alarm logic |No serious ef- 0.160 Not hazardous.
causing a fect on system. )\
mismatch. 34L
Changeover 12 The changeover and test |Inability to{Any failure on 0.221 Essentially ren~
and Test Cir- circuits provide the au- ;changeover |the main unit, ders the standby
cuits (Peak tomatic changeover capa- | transmitting|which should 12A unit useless.
Detectors bility for the redundant junits 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: intp the an-
tennas and which unit Premature If in MAIN, a 0.134 Essentially ren.
operates into dummy loads|transfer of {transfer to ders either the
transmitting|STANDBY will 128 main or standby
units to occur; if in transmitter
antennas by |STANDBY, a transf 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 *
rect phasing]initiate a trans 120
of course fer to standby
S80 signal [and system
of the main |operates on
transmitting(standby.
unit,
. i

A-10
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TABLE A, LocALIZER FAILURE ANALYSIS
page 10 ofF 15

|
IDENTIFICATION

J FAILURE
[TeEM [.D. FAILURE FarLme | PaTe

‘ [ R K

NaMe  No, Funcrron Mooe | ErrecT [ (Ax10®). EMARKS

Changeover & | 12
Test Circuits
(CONINUED)

Total loss (Rlarms on the
{or fncor-ect; clearance mon-
phasing) of | itors initiate
clearance SBOja transfer to
signal of the|standby & sys-
main trans- |tem operates
mitting unit.|on standby.

T

0.070

%125 ;

one or all of shutdown after
CSE C+SB, CSE;an automatic

|

Loss of any | Immediate | 2.417 ')
1 1
|
!

includes both

}\ . 2F
2F the course and

to all the equipment of | put voltage.

on batteries

i SB0, CL C+S8,, transfer, (Total) clearance failure
‘ CL sB0, (to N rates,
{ main trans- | 12F1
! mitter) : = 1/2
H I
; i )\IBF
L L AL
Course Distri{ 13 " The course distribution IA total loss ; Since a fai- N.961 'Since any signal
bution Cir- circuit distribute the | of signal fort lure of this - ) degradation suf-
cuits j course C+SB & SBO siqnals any signal type is inde- “ 13 ficient to be "out
| to the antennas. path; incor-  pendent of the. ‘of tolerance" has
: rect phasing - transmitting the same net ef-
l iof either of unit, an im- | fect, all possible
: the radiated mediate shut- . failure modec may
' signals; dis- down after an ! “be treated on an
‘ tortion suf- | automatic 'aqqreqate basis.
:  ficient to S transfer will
i ; cause monitor result.
\ , alarms, i
! Loss of SBO. Immediate 1,779
: Shutdown after P
i - transfer, 174
1 | '
T T
Clearance 14 The clearance distribu- | A loss (or Ypon failure, . 0,194 SNM . NOM gnd/or RF
Distribution | tion circuits route and | major distor- an irmediate Xj alarms sn the mo-
Circuits I distribute the clearance' tion) of sig- transfer fol- . 14 nitars are depen-
! C+SB & SBO signals to " nal for anv lowed by an ! dent ynon specific
% the antennas. clearance immediate v failure character-
! . signal path. shutdown will . istics,
f occur.
| I
i . 71
Battery 15 The battery charger sup-| Loss of " System will 10.477
Charqer plies all the dc power . charger out- | operate 3 hrs
|
|

j

. ni¢c equipment, the bat-

. that a full charqe is

the 1acalizer stution. (Note: the
(The far field monitor nominal out-
has its own power source) put vnltage
In addition to supplying| is 30 volts
the power to the electro4 Nr)

|
tery charger ensures ]
!

constantly maintained on
both batteries, |

after charqger
failure,




TARLT A, LocaL1zER FAILURE ANALYSIS

pace 11 of 15

i ]‘ "
IpENTIFICATION E
i i FATLURE
ITEM [.D, | FAtLure | FAILURE VATE .
Name  [No, Funcrion | ook Errect | CAxd0® )| FEMARKS
! . =
| ] N
Battery 15 In the event of a primary [Charger fai< No immediate ‘ 0.801 Not hazardous;
Charger power failure, the two ure indica- effect on sys- | both transmitters
(CONTINUED) ibatteries {in parallel) sup-tion only [ tem operation. ! ""NB Istill available
’p\; t' 2 necessary d¢ power, ﬁhi]e out- ! lafter downgrade.
: ut voltage | |
1 is still !
. intained '
f n charger, ! 1
| l oss of i No immediate 6.436 [Not hazardous ; ,
‘ qualize  «etfect on ? A a total discharge :
oltage ca- . system i NC of the batteries
‘ ability, | operation. ’ can occur only
E ither man- | [after the system
| : ual and/or | ‘is operated on
{ : Eutomat1c. z batteries for
! ' | Note: the | | isome extended
: : equalize i period of time
1 : Lvoltage is | {greater than
1 a nominal ' ’ three hrs). System
‘ ' 123 yolts ,operatxon on bat-
| i dc, thus teries is a result
j ,providing . ‘ lof either primary
a "hard 'nower supply failure
i "charge" to i or a failure of
: 'the bat- ? sharger.
! iteries. ‘ ‘
\ | | ‘
" 1
2C/oC 17 “ach ~F the DC/0C conver- 1loss of any| Station main- | 6.598 To result in a
Converter ‘ ters ’ran,formf the +30 one or all . tains normal )\ station shutdown,
{(No. 1or 2y °F "volts nominal! 1nput vo\taqe!the f0l- ' gperation on both converters
+ 18 }to three different output ;lowing “remaining con- must fail,
;vo1tages: +5, Sy, -18v, & jvoitages:  verter voltagesl
) | -50v. The output voltages +5,5v, -18v%;ach of the i
i iof each converter are res- |-50v, converter vol-
; |pectively used in parallel | ‘tages is
| \and feed both modulators in 1sensed in the
! | the system, control unit .
| : ’for abnormal
J | i tolerances. i
S PR
M Temp Sensor;AWIQ | The temperature sensors Failure ' lumediate shut- 0,100 “emperature alarm
i ‘pravide alarm indications Iproducing fown of local- ; is optional for
! iwhenever the temperature lan alarm izer station. | " 19A CAT. 1I.
4 lexceeds or drops below “indication. ‘
; | lpreset Timits, These limits; ! | i
i l jare set to give indicatien | | X
¢ Jof air conditioner/heater ‘ :
4 [failures. i
i |
f - | |
: ‘ .
’ ' [Failure T;;Ere are 2 senf 0.100 | Not hazardous.
‘ i iproducing jsors{thermocou-i X “I1f temperature
: ] {no alarm ]p!es -one for 198 laffects system
: | jindication.|high temps & operation, other
‘ i : one for low, alarms will occur.
| A failure of
{ ’ this type in j




the only effect
is the loss of
temp. monitor-
ing ability for
only one temp. .
extreme (high ‘
or low).

TABLE A, LoCALIZER FAILURE ANALYSIS
page 12 ofF 15
-
— 1
IDENTIFICATION !
, , FarLure
[TeEM [0 . ' FATLURE FATLURE | RATE 8
{ I Il 1}
NamMe Mo, UNCTION Mope | EFFeCT CAxIY ) EMARKS
| |
Temp Sensors 19 ; Failure one of the sen-
{CONTINUED) ' producing sors does not
no alarm affect the ope-
indication. ration of the
(CONTINUED) other. Hence,

Each of the 0C/0C conver-
ters of the far field
monitor provides -18v,
used in the monitor chan-
nels and the receivers,
They are in parallel and
isolated by diodes,

|
|

f
|
|
l

fystem maintains 2,412
operation on
remaining con-
verter, If the
remaining con-
verter also
fails, the
localizer sta-
‘tion will shut
down, due to
Fonitor channel

Loss of -18v
output.
NA

larms.

Generation
of an erro-

™Abnormal*indi- 0,050
i cation at A
neous con- | remote control M8
verter fail ' panel.

alarm,

|

Not hazardous;
both converters
still operational

DC/DC Conver- S1
ter (No. 1

or No, 2) or
(FFM) 52
Battery " 50
Charger

— PIRILINY PO ey .
- e a :.‘4“&“{-‘“.;'.
.

IThe battery charger sup-
lp]ies +24 volts to each
1of the units at the far

| field monitor - the two
iconverters, the three
receivers and their res-
[pective monitor channels,

toss of +24 System maintains 5.730

and the combining circuits,

assembly. The battery
icharger also keeps a full
icharge on the battery at
'all times.

volts output.rperation on A,
|far field moni- 50A
ttor battery,
| "Low voltageIf another fai- 0.519  Note failure mode
battery dis- Ture of the bat- has the same effect
connect cir- tery charger 508 as an ffm battery
cuit failure,causing loss of failure.
" disconnecting#24 v occurs,im-
i the battery mediate shutdown
. from the loadbf the localizer
station will i
result, ‘ l
. Loss of ! Does not af- I 0.318 ot hazardous.
equalize i fect system ! A "NQuick charge" ca-
charge capa- |operation. A | 50C ability does not
bility after | trickl2 charge | irectly affect
~a power out- [will still be nitoring
age. applied to the rformance.
battery.
Generation of‘"Abnorde“ n.126 ot hazardous; far
an erroneous ' indication at | A ield monitoring
charger fail | renote control 500 ot affected.
alarm, panel,
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TAELE A, locaL12gr Falture ONALYSIS
PAGE 13 ofF 15
a ! T !
[DENTIFICATION ! '
! FATLURE
Item 1.0 | FatLure FATLURE RaTE R
- EUNCT1ON | | 106 EMARKS
’ NAME No. . Vobe ErFecT (Ax107)
\ 1 —+ 7
Battery i 50 . Continuous  Far field mo~ | 7.658  INot hazardous; pre-
Charger "equalize ‘nitor maintaini x\ fventive mainte-
Y (CONTINUED) ‘voltage only normal opera- [ "N60F jnance required for
£ i tion at a ! .battery check.
& | slightly high-! ,
g ; er supply ! i
¥ ‘ voltage, i |
3 ; !
] ; —- ’
% Receiver 53 Each of the far field mon- Total loss  Loss o€ the ins 65.979 ‘The SDM strap
K No. 1 or r itor receivers receives a of output put signal to | )\ ‘option provided
o No. 2 ° low level rf inpyt signal sijnal or the corresponds TN ‘remote recognition
k- 54 and converts it to the ILS any major ing far field fof failure.
5 audio and dc siqnal which isisignal monitor chan- t
k. then the input to the res- ' distortion. nel will pro- |
F. pective monitor channel. duce a FFM i
F The DDM of the audio signal monitor mis- ‘
- is representative of the match. Loss of ! i :
F: far field course position. 1 of 2 FFAM | :
- monitors. Now : !
. dependent on | ;
remaining : !
monitor far i ;
system opera-
tion. ;
Monitor 56 To provide m-nitoring of Loss of toss of 1 of 0,825 '
Channels the course positinn in the ‘monitoring 2 monitors, N
No. 1l or 2 or far field reqion of the ability, tow dependent NA '
57 runway. on remaining '
moni tor . ] ;
T ”
Loss of Loss of 1 of 2, 11.099
monitoring monitors. Now ' X |
-ability, pro~dependent on ' ' NB ;
ducin? remaining moni4 X
0OM aTarm.  tor for system |
' cperation. l
) 'Loss of moni-loss of 1 of 2, 4.422
"toring abi- monitor voting:' N
“lity produc- icapability. - NC ,
iing nc alarm Now dependent
on remaining !
monitor for
fir ficld
monitoring. N
Temp. 5 Monitors the temperature neneration of “Abnnormal” 3.050 Mot hazardous; far
Sensor ‘of the FFM for out of 'an erroneous indication at, | field monitaring

- el A sl s wat B inls esins o

-

‘tolerance conditions.

!

temp. alarm,

1

remote con- 59A
trol panel., |

lstill available

!
|
|

‘
V
1

H .

!

| ‘Inability to  Loss of temp.i 0.050 Not hazardous; if

. ‘produce a . monitaring itemperature affects
[temp. alarm. ability with- 598 onitoring, alarms

|
i

I

|
out recogni~ |
tion. [
!

i

i

h

wmill ocqur,
]
!

i
I
i -
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TABLE A,  locaL1zer FAILURE ANaLysis
PAGE 14 oF 15
IDENTIFICATION FAILURE
[TeEm I.n i CAILURE FAILURE RATE ;
Name | No. FUNCTION Mobe Errect | (Ax10°) EMARKS
Course Power|{ 60 Deliver an amplified UHF jLoss of RF Loss of courset 4.727
Amplifier or carrier to the modulator. karrier, C+SB and $BO T >\
61 The carrier is modulated FignaIs. N
in the transmitter by the
1020 Hz [.D. tone and the
low frequency warning
signal.
Course Power| 62 Provides 1020 Hz modulat- Loss of +20 Loss of course| 9.984
Amplifier or ed +20 volts to course volts, C+SB and SBO N
Power Supply| 63 power amplifier, Eignals, NA
Loss of all Loss of I.D. | 0.493
modulation, radiation and
warning sig- NB
nal capabi-
lity.
Sideband 64 Provides clearance SBO Loss of out- | Loss 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 loss {orjan immediate }\ degradation suf-
Circuits course position, ccurse incorrect) of | transfer 13 ficient to be out
width, percent modulationf signal to the [ followed by of tolerance has
and Rf power. T 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 Re{ 67 Constructs the signals Failure caus- | Upon failure, 0.311 SDM, DDM, and/or
Combination for monitoring the ing a loss (or{an immediate )\ RF alarms on the
Circuits clearance DOM, percent incorrect) transfer 67 monitors are de-
modutation, 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 siqgnal. ing a loss an immediate | )\
(or incorrect)| transfer 68
signal to the | followed by

course moni-
tors.

an immediate
shutdown will
occur,

A-15
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TABLE A,

LoCALTZER FAILURE ANALYSIS

PAGE 15 ofF 1

>
IDENTIFICATION
FAILURE

fTem 1.0, c FAILURE FAILURE RATE . o

NAME No. UNCTION MoDE EFFeCT (Ax10%) - EMARKS
Clearance 69 Radiates the clearance |Failure caustUpon failure, 0.615
Antenna signals. a loss {or [an immediate A
Array incorrect) |[transfer fol- 69

signal to lowed by an
the clear- |immediate shut-
ance monitor|down will occur
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APRENDIX 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.




TASLE 3. GLIDESLOPE FAILURE ANALYSIS
L)
. PAGE 1 oF 11
!
‘ IDENTIFICATION
: FAILURE
[TEM 1.D, FAILURE FAILURE RATE 6
NAME NO. FUNCTION MODE EFFECT (Ax10°)|  REMARKS
P
Control Unit | 01 The control unit processes | Generation | Causes a 3.1° )\“\1‘s the
alarms received from the |of an transfer to A failure rate
monitor channels, providing erroneous standby. 1A1 for parts
signals to transfer main transfer ()\. - allowing a
to standby, to shut down signal, 142 spontaneous
g both transmitters, or to 1.829) trans fer to
< indicate a monitor mis- standby trans-
match, In addition, the mitter.
control unit generates \* s the
inhibit signals, displays 1A2 failure
both locally and remotely rate for parts
transmitter status, and which can fail
displays various power/ such that a
temperature alarm condi- transfer is
tions. Operational fea- made § a per-
tures, such as bypass of sisting trans-
monitors, main unit se- fer signal
v lect, and memorization of will cause
7y alarms are also associated shutdown.
! with the control unit.
: Generation | Immediate 2.982
- of an system shut- A
k erroneous down, 18
shutdown
signal due
to alarm
processing
circuitry.
Inability tol Monitoring of 2,870 A* is the fai-
process a the integral * 1p1 lure rate
. trans fer course, sensi-| D for parts allow-
H signal, tivity, 1.D., [ (\* = ing faulty signal
4 and/or clea- 1 to persist.
rance is 1.140) * is the part
virtually (}\, . NDZ of \*
* rendered 102 D1
useless. 0.913) including only
(A\* = failures which
03 would not re-
1.730) sult in an "ABN"
: or "MONITOR MIS-
MATCH" indication.
* s the
D3 failyre
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 Jrespective 19
power/envi- [alarm condi-
ronmental tions,
alarms,
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TABLE 3. OGLIDESLOPE CAILURE ANALYSIS

pAGE 2 oF 11

S N VSV

IDENTIFICATION
FAILURE
ITEM 1.D. FUNCTION FAILURE FAILLURE RATE
NAME NO. UNCTIO MODE EFFECT | (Ax10%)|  REMARKs
Control Unit | 01 Generation | The main trans 1.039
(CONTINUED) of an erro- | mitter is shut )\'
neoys con- down for at ‘1M
trol signal | least 20 sec.
that shuts | independent
down the of the persis-
main trans- | tence of the
mitting unit{ erroneous
control signal
Generation | The monitor 0.232
of a con- channels are AL :
tinuous in- [ inhibited and, 15 !
hibit to hence, ren-
the monitor | dered totally
channels, useless.
Inability to If another 0.545
process a failure occurs A
main inhibif which initi- 17
to the ates a trans-
moni tor fer, an
channels. immediate
shutdown will
occur since
the monitors
are not inhi-
bited during
the transition
period.
Loss of +12 | A11 control 0.238
volts in logic is A"
control rendered use- AA
unit power | less. Both
supply. transmitters
{Note: loss | shut down;
of switched| monitor chan-
28y is also| nels, however
included.) | are inhibited
and, hence,
do not alarm,
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TABLE B. GLIDESLOPE FAILURE ANALYSIS

PAGE 3 oF 11

IDENTIFICATION

B
4
M

]
}

[TEM
Name

[.D.
No,

FuncTion

FAILURE
MoDE

FAILURE
EFFeCT

FATLURE
RaTE
(XX 10%)

PEMARKS

Control
Unit
(CONT.)

01

Inability to
process near
field monitor
alamms in
delay circuit
cards,

Loss of near
field moni~

toring capa-
city.

0.262

e
Ak

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

-
AWY

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

o
%ﬂz
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TABLE B. GLIDESLOPE FAILURE ANALYSIS
PAGE 4 oF 11
IDENTIFICATION
FAILURE
1TEM I,D, FAILURE FAILURE RATE P
NAME NO. FUNCT1OM MODE EFFECT (Ax11°) REMARKS
Course Trans{ 02 The course transmitter in{lLoss or de- [Loss of all §.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 HF carrier to the affecting the by unit.
modulator. entire glide- !
path angle and
width,
Clearance 04 The clearance transmitter|loss or loss of clear-] 1.918 |]Transfer would
Transmitter or supplies a UHF carrier degradation |ance coverage A not occur on
(MAIN or 08 modulated at 150 Hz whichjof 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).
toss or Lloss of clear-] 6.734
degredation |coverage of )\
of UHF car- [approach 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 failyre
or STANDBY) 09 course UHF carrier. of UMF 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 tated by a 904z and cillator tem signals: NA failure ~ stand-
150 Hz signal, CSE C+SB. | (14.4 kHz) |1. LF 150 by unit.
it provides the course resuylting in |2, SB in cleo-
SBO signal; a low fre- loss of all |rance C+SB
quency 150 Hz signal 90Hz and 3. Course SB0
which feeds the ciearance| 150 Hz modu-~ [4. SB in
transmitter. (Two freq- |[lation. course C+SB
uency glideslope only:
no clearance signal from |Loss of UHF |Loss of SB in 0.427
the one frequency glide- |carrier to course C+SB A
siope). digital phas-|signal and NB
ing ckts. (to|course S8O
yeither or signal,
both of the
90 and 150
phase shif-
 ter)
Loss of 90 or}Qut of tole- 1.453
150 Hz divi- |rance course )\
ders, syn-  |C+SB and SBO, NC
chronization {and, for two
circuitry or frequency
90/150 M2 glidesiape,
sht’t regis- [clearance C+S8
ters., signals.
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: TABLE 3, GLIDESLOPE FAILURE ANALYSIS
PAGE 5 oF 11
IDENTIFICATION FAILURE
1 TEM [.D. FAILURE FAILURE RATE 5
NAME NO. FUNCTION MODE EFFECT (Ax10 REMARKS
'(bdulator 03 Loss ofNj, [Slight dis- | 2.426 |Not hazardous.
MAIN or or tortion of ;
STANDBY) 07 g;i;:v;g 52?221 the course )\ND
(CONTINUED) (e"m’the C+SB and SBN
90Hz or 150 Hz)STnals.
phase shifter)
Loss of Ag  [Distortion 2.426 |Not hazardous.
what more
driving signal some A
to the delay |than  30f NE
lines (either [the course
the 90 Hz or |C+SB and SBO
150 Hz phase |[signals.
shifters).
Out of toler-
Lissxofxi. e o] 12822
g N, |CesB and SBO [ Ay,
or&; signal signals.
to the delay
tine, (either
the 90 Hz or
150 Hz phase
shifters)
Loss of +90, |Qut of toler-| 1,302
-90, +150, or |ance C+SB
-150 Hz pnase |signal. NG
shifter RF
signal,
Loss of +90, )Out of toler-| 0.5234
-90, +150, or |ance SBO bl
-150 Hz phase [signal. G1
shifter RF
signal,
Loss of the Out of toler-! 1.176 ({The one frequency
150 Hz sinu- |ance clear- A glideslope does not
soidal signal [ance C+S8 MR radiate a clearance
for clearance |signal. signal,
transmission.
Lourse Moni- | 34 |Provide monitoring of |Lloss of moni- floss of 1of | 12:918 |1 another corresp-
tor Channels or the course position pathjtoring ability|{2 monitors. )\ onding monitor
(1 or 2) 35 angle (DDM), the % modu-)producing Now dependent NA alarm failure occur-
(MAIN) Tation (SDM) and the alarms. on remaining red in the remaining
course UHF power level, monitor for monitor, glideslope
system con~ 4i1l transfer, then
trol, shutdown.
Loss of moni- Jloss of 1 of | 5.065 1 If the same failure
toring ability|2 monitors. >\' occurs in the remaining
producing Now dependent N8 monitor, hazardous
no alarms, on remaining radiation will go
monitor for undetected.
system con-
trol,
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TABLE B. GLIDESLOPE FAILURE ANALYSIS
PaGE € oF 11
IDENTIFICATION
~ FAILURE
1TEM 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) Itoring abi- |2 monitors. N ponding DOM failure
Channels 38 Nity produc- | Now dependent NA occurs in the re-
(1 0r2) ing alarms., |on remaining maining monitor,
- (MATN) monitor for glideslope will
system control transfer, then
shutdown .

) Loss of toss of 1 of 3.121 If the same failure
monitoring |2 monitors. ): occurs in the re-
ability Now dependent NB maining monitor,
producing on remaining hazardous radiatian
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 11.999 ! pending monitor alarm
Moni tor 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 inmediate glideslope ‘
alarm. monitor for shutdown will result,
system control
Loss of mo~ | Loss of 1 of 3.822 If the same failure
m'toring 2 monitors. x occyrs 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-
Moni tor or of the clearance DDM, % | nitoring 2 monitors. N responding moni-
(Channels 41 modulation, and clear- ability pro<4 Now dependent T tor alam failure
1 or 2) ance UHF power level, ducing alarn on remaining occurred in the
{MAIN) (Two frequence glideslopg rﬂ monitor for 3lidesiope 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 octcurs 1n the re-
ability Now dependent NB maining monitor,
producing on remaining hazardous radiation
no alarm. monitor for will g0 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
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 shuidown,
peak detector then con«
verts to the RF signal
into a Tow-frequency sig-
nal, both DC & AC, The
0C is representative of
the course RF power; the
AC is the demodulated
‘ 90,150 Hz course signals.

_Hﬂjf:::::::=:===llq




TABLE 3B,

GLIDESLOPE FAILURE ANALYSIS

paGe 7 of 11

[DENTIFICATION !

ITEM
NAME

IIDI
NO.

FUNCTION

FATLURE
MODE

FATLURE
EFFECT

FAILURE
RATE
(Ax10”)

REMARKS

3 Course Peak
4 Detector

19

The course peak detector
receives a simulated
course position input sig-
nal. This input signal is
obtained by a combination
of signals obtained by
proximity probes at the
radiating antennas. The
peak detector then converts
the RF signal into a Tow
frequency signal, both OC
and AC. The DC is repre-
sentative of the RF power;
the AC is the demodulated
90/150 Hz signal.

Loss of
detected
output
signal.

Loss of input
to monitor
channels,
causing trans-
fer, then
shutdown.

1.115

A

20A

Sensitivity
Peak
- Detector

22

The sensitivity peak
detector receives a simu-
lated input signal, repre-
sentative of the course
width (displacement sensi-
tivity). This input is
obtained by a combination
of signals obtained by
proximity probes at the
radiating antennas. The
peak detector converts the
RF signal into a low-
frequency signal, both DC
and AC. The DC is repre-
sentative of the RF power;
the AC is the demodulated
a90/150 Hz signal,

Loss of
detected
output
signal.

Loss of input
signal to the
sensitivity
monitor
channels,
causing trans-
fer, then
shutdown.

1.115

Clearance
Peak
Detector

25

The clearance peak detec-
tor receives a simulated
clearance input signal.
This input signal is ob-
tained by a combination of
signals obtainec from both
proximity probes and a
sampied signal of clearance
C+SB and SBO. This RF
input s 7nal is converted
to a low freauency siqnal,
hoth AC and DC. The DC

is representative of :he
clearance RF power; the

AC is the demodulated
90/150 Hz clearance signal.
{Two frequency qlidesiope
only. No clearance signal
from the one frequency
glideslope).

Loss of
detected
output
signal.

Loss of input
signal to
clearance
monitors,
causing trans:
fer, then
shutdown.

1.115

8-3
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TABLE B. GLIDESLOPS FAILURE ANALYSIS
pAGE R oF 11
[DENTIFICATION
FAILURE
ITEM t.D, FAILURE FAILURE RATE 6
NAME NO. FUNCTION MODF EFFECT (Ax10%)]  REMARKS
Changeover 10 The changeover and test Inability Any failure 0.221 Essentfally
and Test circuits provide the auto- |to change- on the main )\ renders the
Circuits matic changeover capability |over trans- | unit, which 10A standby unit
(Peak De- for the redundant trans- fmitting should only useless.
tector mitting units. [t selects [units by generate a
Excluded) upon command from the switching changeover to
control unit which trans- icircuits. STANDBY, will
mitting unit radistes 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 >
(or incor- monitor chan~ wx )\100 0.2851
rect phasing) nels initiate 09 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 oun
standby.
Loss of any | Immodiate 1.951
one or all siutdown after )\
of: CSE C#SByJ an automatic 10E
CSE SBO, CL | t=ansfer, =
c+Sk, (to >\10c1
main trans- 0.465
mitter). (Each pin
(No CL in switch
one frequency circuit)
lideslope).
Distribution| 11 | The UHF disteibution cir- [A loss, Since a fai- | 1.231 I\ g the
Circuits cuits combine and distributddegradation | lure of this N (TMIA
(Antennas the CSE C+SB, CSE SBO, and lor 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- . 0 SBO signal only.
(No CL signal from null feedings any| ting unit ()\11 = U
reference or side band one of the (sigral paths lny11 ref.,
reference glideslope). three an- common to Ay, =0.635
tennas. both trans- 11 :
mitters), an |side band
immediate ref.)
shutdown after >\" R
an automatic 118
transfer will| 0,0101 i
occur., i
{
¥
1
3




_~'AD-A128 930

UNCLASSIFIED

OF TYPE AN/GRN-27 (..{U} PAILEN-JOHNSON ASSOCIATES INC
MCLEAN VA G PAPPAS ET AL. FEB 83 DOT/FAA/PM-83/18
DTFAQ1-82-Y-10537 F/6 17/7

END

oare
e

otic

FAILURE MODES EFFECTS AND CRITICALITY ANALYSIS (FMECA)

2

NL '




L

i b
= w 32

—— g ™ m

il

e

o

iz i n

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




L TABLE B, GLIDESLOPE FAILURE ANALYSIS
| } PAGE 9 oF 11
B IDENTIFICATION (
: FAILURE
- 1TEM 1.0, FAILURE FAILURE RATE :
el NAME NO. FUNCTIOM MODE EFFECT | (Ax10")]  REMARKS
) UHF Recom- 12 | The UHF recombining cfr- A loss, The actusl 0.778
: bining cuits, receiving input from| degradation| field radia- N
Circuits and proximity detector probes, | or incarrect tion is unaf- 2
Probes (Peak combine the CSE C+SB, CSE phasing of | fected.
Detectors SBO and CL C+S8 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"
radfation, (No CL signal condition
from one frequency glide- exists and
slope). initiate a
transfer;
since the
circuitry fis ;
common to :
both trans- 1
mitting units |
the monitors i
i

sense an “out
of tolerance”
condition and

i will again

‘ initfate a {
! shutdown.
{
Near Field 18 Provides the input for the | A loss or The erroneous 0.098 A
Antenna and three near field monftors. | degradation| (or total )\ 1
Power Split- of signa) loss of) sig- 18
ter {Peak feeding the | nal is pro-
Detectors monitors, cessed as
Excluded) a near field ]
alarm, ‘
resulting in 1
transfer and

shutdown after
the nominal
time delay.




TABLE B, GLIDESLOPE CAILURE ANALYSIS

pAGE 17 oF 11

IDENTIFICATION
FAILURE
ITEM 1.D. FAILURE FAILURE RATE REMARK
' S
/ NAME NO. FUNCTION MODE EFFECT (Ax10°)
\ fy Battery 13  |The battery charger sup4 Loss of System will 10.477 |Not hazardous;
| L Charger or plies all the electric | charge out- joperate 3 hours >\ redundancy of
: b 14 power to all the equip-| put voltage |on batteries NA remaining char-
i ment of the glidesiope { (note: the jafter charger ger and the two
; : . station. In addition, nominal failure, batteries provide
to supplying the pawer | output vol- negligible pro-
to the electronic tage is bability of
equipment, it ensures 30 volts . station shutdown.
. that a full charge is nc)
constantly maintained
on both batteries. Ch:;'ger Mo immediate 9.801 Nothhuardous;
failure in-jeffect on sys- both transmitters
In the event of a pri- dication tem operation. ANB still available
mary power failure, nly whil fter d rade
the two batteries :utyut o?- atter downgrace.
{in parallel) supply tagg ,-sv
the necessary DC power. still main-
tained on
charger,
Loss of e- |No immediate 6.436 |Not hazardous;
} qualize effect on sys- >\N a total discharge
. voltage ca-|tem operation, o 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 DG 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.
: 0C/0C Con- 15 {Each 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 )\ station shutdown,
: No, 1or2 16 |[+30 volts nominal input| of the fol-| operation on N both converters
: voltage to 3 different | lowing vol-| remaining con- must €ail,
N output voltages: +5.5v,| tages: verter voltageg
; -18v, and -50V. The outq +5 5V, -18v| Each of the
LA put voltages of each -50V. converter vol-
3 ) converter are respec- tages is
v tively used in parallel sensed in the
t and feed both modula- control unit
1 e tors in the system, for abnormal
; tolerances.
1
'; Temp Sensors| 17 |The temperature sensors| Failure Immediate shut 0.100 |Temperature alarm is
H provide alarm indica- producing down of >\ optional for
. tions whenever the an alarm glideslope 17A JCAT. II.
. temperature exceeds or | indication.] statton.
. drops below pre-set
limits, These limits
are set to give indi-
o cation of air-condi-
! . tioner/heater failures.
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TABLE B, GLIDESLOPE FAILURE ANALYSIS

pace 11 oF 11

IDENTIFICATION

ITEM
NAME

1D
NO,

FUNCTION

FAILURE
MODE

FAILURE
EFFECT

FAILURE

RATE

(Ax10%)

REMARKS

Temp Sensors
(CONTINUED)

17

Failure pro-
ducing no
alarm indica-
tion.

There are two
sensors (thermoq
couples)- one
for high temps
nd one for
Tow temps. A
failure of this
type in one of
the sensors does
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
)\175

iNot mazardous;
1f temperature
affects system
operation, other
falarms 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 fs pro-
vided to process
alarms, since tower
vibrations and wind
loadings can occur.

Loss of align-
ment detection
producing an
alarm.

Erroneous shut-
down of the
glideslope
station.

4.915
9A

Loss of align-
ment detection
producing no
alarm,

Althoush the
near field moni
tors Jetect
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
l‘ldhﬂﬂl.

—

2.354

Ny




APPENDIX C

LOCALIZER FAULTY SIGNAL AND SHUTDOWN
PROBABILITY CALCULATIONS
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TABLE C-1. LocaLizer FAuLTY SiGNAL RADIATION PROBABILITIES

PaGe 1 oF 14

iy

1. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION DDM siGNAL
DUE TO EQUIPMENT FAILURE,

CALCULATION

Pt:""mm = Pe X P""csem X P'”"rr X l)""“‘cssm) * P"ozuv

Puon__ X P
WoN ""CSEM PCF is a conditional factor, expressing
the fact that al1 DDM monitoring
PXHT + (Pm X me. ) must be lost before radiation of a
ReSEpou FF CSEppyy faulty DOM signal in order for
such a signal to be undetected.

Pee =

P! NT

= Nw =M™+ N * M Py 1s the probability of
CSE gy

CSE CSE fatlure of course integral
monitoring circuitry
(hidden failure).

P = (N cMZ+ N +N\*) P 1s the probability of a hidden
MONgp WON a9F 3 MONce  failure in the far field DDM
X M monitoring circuitry.

P =A oM P is the probability
TRCSEpow T RCSEqom TNTRCSEpy that an actual faulty

course DDM will be
radiated, with no other
parameters being
affected.

P
INT
P CSEoom

PFF is the probability that
+ PmT DELAY an actual faulty course
CSEOM CSEDm DOM will be radiated
within the 70.second delay
of the far field monitor

FoELAY 5
MTR

P alarms. If the far field
""CSE monitor is monitored in
X ___"0ooM * 70 sec. the control tower,
M P =(,
FFoELAY

X N""‘csem * 70 sec,

Ml = Preventive maintenance interval to check for hidden fatlures,
(One week (168 hours) fs assumed).

a 2 - 1f landings are not allowed with monitor mismatch
mismatch condition present (ABN 1ight in tower).

= ] - Otherwise,

¢-2




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)

FAILURE RATE Data

)\"°"cse h Nes = 5.2 X107

XMFF = KSGC = 4.122 X 10'6

IF LANDINGS ARE NOT ALLOWED WITH “ABN" LIGHT ON:
Nor = Ne = 0 Apon = Mg +Nyg = L0 X10°
OnERwiSE :
Nior = LEBXx10°°
N = LIBXI® Aoy = N ¢ A}y = 137 X10°°

A N = 0413X10°°

"""‘cszm:
Ny =L8RXWC

Ng = L XI06

-6
XIZE = 0.070 X 10

-6
XIZFI = 1,209 X 10
ANy = 0.%1X10°
Neg = L3 xw®

A - -6
o - 813X 10

c-3
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TABLE C-1, LocaLizer FAuLTY S1GNAL RADIATION PROBABILITIES

PAGE 3 oF 14

" P U N

1. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION NDM siGNAL
DUE TO EQUIPMENT FAILURE, ((CONTINIED)

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

SEmm

P
INT,

p
FrogLay

P
CSEpom

.62 X 107 <168 HRZ + (1110 X 10°%) + 168 R
Le X1t

.42 X 1078 + 168 HR)Z = 55,10 X 10°°
18.13 X107 « 168 HR = 30,46 X 107

<4 -8
(LR X107% (5,19 X 1078 - 3.8 X 10°°
D6X10°+ A2 X10YH 519X 107

L2y LR X107 . 70/35600 « (18.13 X 107°K /gy
046+ LY B

4,667 X 107

(.48 X 107 1.2 X 107%)(55.19 X 10°%)(30.46 X 10°*) + 4,667 X 10° ¢
L2 X 10°%% 4,667 X 1072° = 4,667 X 1076

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

P -
"‘TCSEW

(5.62 X 1078 + 168 HR) + (1,37 X 10°%) « 168 WP
.74 X 107

G122 X 107+ 168 HR + (1,63 X 10°° + 1,143 X 10°%) < 168 IR
2.mx10?t

30,46 X 107

Ce4




TABLE C-1., LoCALIZER 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)

- x|
Pr = ____ul,m_fm.ug.m_)__,) - 46X

0.06 X 107" + AL X 107H12,00 X 107

Pee = 4,67 X 1076
DELAY

-!' Pese . = (4,66 X 107+ (L7 X 107)+(12.09 X 107)+C0.66 X 1079
DOM :

+ 14,66 X 1078

Peseogy = 208 X 102

§ AT L L U g s e e
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TABLE C-1. LocaLizer FAULTY S1GNAL RADIATION PROBABILITIES

PAGE 5 OF 14

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

CALCULATION
Pese. . = Pep XP XP
CSESW CF !"TSMISEN Hmcscsm
WHERE
Pinr
PCF = SOM/SEN PCF is a conditional factor expressing

the fact that all monftoring which
will detect an SDM fault .

(Piny ) must be lost befure
SDM/SEN transmission of a
faulty SDM signal (PXHTR

in order for such a CSESM
signal to be undetected.

p = (Agon__ *M)™ .()\"‘”‘s oM p is the probability
INTSomysen Nese EN INTCOM/SEN of a hidden failure

in the integral monitoring or

+ )\ oM control unit such that a faulty

1MON 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 monftors and the sensi-
tivity integral monitors, which
share the same processing in the
control unit ”\IHON)

Prutr + Py
CSE SOM/SEN

{s the probability
SOM that an actual faulty

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

xXMTR M meCSE

P
XMTR
CSEq oy

=
CSESDH

M = Preventive maintenance interval to check for hidden failures,
{One week - 168 hours - is assumed.)

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

1 - otherwise.




TABLE C-1, LocALIZER FAULTY SiGNAL RADIATION PROBABILITIES
past 6 or 14

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

FarLure Rate Data

A
NONcge

Mo, = Naas = Ao = 3.2 x1°

- N = N = 52 X108

IF LANDINGS ARE NOT ALLOWED WITH “ABH L1GHT ON:
Amon = Aiop + Ngs = L0 x 1078
OTrERWISE :
Aow = Nt + Ns = LB X10°°

)\x'"“csesm: Nag - 0,413 X 10°°
Nss = 13 X10°°
Neo = 00mx10°
Ao = Loxi®
N3 -~ 0,91 X 10°
Nes = 13 X1’

- 5px10°
)\m&m

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

-G8 X10°%168 HOZ + 5.12 X 10°% < 168 HR? + (1.140 X 107% « 168 HR)
- 88 X107 +2.mX107 +12X0 = 1B X0

Pom.. = S0X10°-1681R = 820X 107
CSEqpm '

Py Msowsen

C-7
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TABLE C-1, LlocaLIzeR FAULTY S1GNAL RADIATION PROBAB:LITIES
PAGE 7 oF 14

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

Per - 13 .

8.90 + 1.93

Pes = 0U8-(LBXIYHBHXWH .
SOM

Pose,,, = 30RX 107 |

IF LANDINGS ARE Al.LLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:
Pint e = 562 X 107 < 168 HR) + (3,12 X 10°° + 168 1R
+ (1,37 X 107« 168 HR)
= omx0tesmxt+2nXx0t=10x10°

meRCSE = 8.% X ]0"

SDM
FCF = JZ.,Q__ = 0.657
8.9 +17.0
P = 0.657 L XWH.@NX10H = 9.98x1W0”’
CSESDM
c-8
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TABLE C-1. LlocaLizer FauLTy SiGNAL RADIATION PROBABILITIES

PAGE 8 oF 14

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

To COURSE RF PowER.

CaLcuLaTiON
P = P XP XP
CSE CF INT XMTR
RF CSERF CSERF
WHERE
P"‘Tcse
PCF = RF PCF is a conditional factor, express-
) +P ing the fact that RF monftoring
xt‘lTRcSE INTCSE must be lost before radiation of
RF RF a faulty RF signal in order for
such a signal to be undetected.
M+ g P is the probability of
PINT g O\MONCSE' MDY Nugy + M Testqe failure of course RF intes
RF ral monitoring circuitry
hidden failure).
p = A o M P is the probability that
x"TRCSERF XHTRCSERF x"n’R{.‘SEm, an actual faulty signal
with respect to RF power
l1imit will be radiated,
with no other parameter
affected.
Ml = Maintenance Interva) (168 hours assumed)

- I¥ landings are not allowed with a monitor mismatch

M = condition present {ABN Vight in tower).
1 - Otherwise.

FarLure Rate Darta

XHON = )\' = 562 X 10-6

Ff 358

[r LANDINGS ARE NOT ALLOWED WITH "/SN" LIGHT ON:
* - -6
>\1MON = >\mz * >\15 = LMOX10
OTHERWISE:
A

IMON

*

>\101 * )\15 = LB X107
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g 3. PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT «
i 10 courT RF power. (CONTINUED)

FatLure Rate Dara (CONTINUED)

>‘x'4TaC$E : Aoza = 7.150 x 10°¢ .

¥ Neo = 477 X 10° |

Ne2 ~ 3,93 X 10 |

Az = 043X 10° .
>\3G = 132 X 10.6
. >‘1zn = 1,209 X 10-6
ﬁ Ni3 = 0.%1X10°
f Nea = 13w X 10°8
XmTRCSERF = 7.9X10°

Pae g = 7B X 10° 18 1R = 45,51 X 107

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

Prvry,, = 62X 1078+ 168 HRY? + (1,140 X 107° + 168 HR) = 1.9 X 10
4 RF

; P = LD =4,08X107

‘ 45,51 + 1.2

Pese,, = (4088 X 100912 X 100551 X 107 = 3,53 x 1078

IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Prar,, = G2 X 1078+ 168 HR) + (1367 X 1075+ 168 WR) = 11,74 X 10°*
RF
Py = LM -0
45,51 + 11,74
Pese.. = 0205 ¢ AL7XWHe w551x107H = L5 X W0°

RF
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i
- -
4., PROBABILITY OF THE RADIATION OF A SIGNAL THAT 1S FAULTY WITH RESPECT
TO COURSE WIDTH - SENsITIvITY DDM,
CaLcuLATION
) p = P XP XP
SENpnM CF INTgen XMTR¢ ey
’ WHERE
j Prnt,
X PCF SEN Pep s @ conditional factor, as
. P +P previously described.
: MTRsen ~  INTgen
‘ LI .
p = (N MD™ 4+ oM P is the probability of a
INTSen MONs £y 1MON INTSEN failure of the sensitivity
ODM integral monitoring
| circuitry (hidden).
PXHTRSEN = >\anRSEN - M PenT fs the probability that
SEN a2 signal that is faulty
with respect to course
width will be radfated,
with no other parameter
being affected,
M = MAINTENANCE INTERVAL (168 HOLRS ASSUMED)
.{ 2 - 1f landings are not allowed with a manitar
B M = mismatch condition present (ABN light in tower).
v 1 - Otherwise.
FaiLure Rate Data
-6
= \* = N\N* = 312X10
'\"""seu >\388 Nyos
[F LANDINGS ARE NOT ALLOWED WiTH "B LIGHT ON:
- -6
Aoy = 1,140 X 10

OTHERWISE :
-6
Awon = 1367 X 10
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i 4§, PROBABILITY OF THE RADIATION OF A SIGNAL THAT 1S FAULTY WITH RESPECT
70 COURSE WIDTH = SENSITIVITY NDM. (CONTINUED)

FaiLure RATE DATA (CONTINUED)

‘ . * = ~6
Nomgy!  RNigg = 0B 106
N, - O0USXD 6
'y = " 1
N 0.29 X 10
Nouteggy = 087X 1078

et o i, i

- 087 X018 H = LI X1

P
XMTRSEN

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

SR X10C 168 R + (110X 10° - 168 HRY = LB x 107!

PIvT e
Pe = 22 - 058
157 + L2

; . _
] Pen = 0585 ° L2 X 1HLT X10H = LS X107
ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

IF LANDINGS
(.12 X 1078 + 168 HR) + (1.367 X e HR = 7.5 X 107

PINYSEN =
PCF = __.7_'.%—-—- = O-qu
1.37 +7.54
Dy = 086 7.5 X KLY X 1Y = 8.753 X 107
O0M
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5. PROBABILITY OF THE RADIATION OF A FAULTY CLEARANCE SIGNAL (DD, SDM or RF),

CALCULATION

P = Pee X qurCL X PxnrRCL

WHERE
P.. = Pinr \
CF CL PCF is a conditional factor,
p +P as previously discussed.
XMTRCL INYCL
MM :
p = (N MDD+ A M P is the probability of a
INTe, MONeL 1HON INTCL hidden failure of the
clearance monitoring
circuitry.
p = A\ oM P is the probability that the
XMRCL XHTRCL XHTRCL radiation of the clearance
signal will be faulty with
respect to DOM, SOM or RF
parameters.
M = Maintenance interval (168 hours assumed)
h
72 - 1f landings are not allowed with a monitor mismatch
] " = condition present {ABN light in tower).
1 1 - Otherwise,
“..*;
<

FATLURE PaTe Data

. . * . -5
\won, = Mazg = Nagg = S7BXI)

RS a o

[F LANDINGS ARE NOT ALLOWED WITH "ABN" LIGHT ON:
Apon = L10Xx10°°

R I
.

OTHERWISE :
Awon = 137 X 10°°
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'2

K .
; 5. DPROBABILITY OF THE RADIATION OF A FAULTY CLEARANCE SIGNAL (DDM,

. SOM or RF).

FarLure RATE Data (CONTINUED)

f )\xHTRCL P A = 16X 10°°
B Nes = 7,150 X 10°
A = 10,250 X 107

AN = 152 X 10°

A = 0,38 X10°

sy = 0.75%6 X 107

Nepp = L209Xx10°°

Nt = 000X 10°

N = 0,1% X 10°°

f N = 0,615 X 10°°

2.631 X 10°8

o

N = -6
e, = B2 X 10

Pome,, =226 X 066818 = w12 x10°

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

Prr,, = G.7BX 107168 HRZ + (LIO X 106 <168 WO = 1.2 X 107

P = 1R =410
W12+ L2

P, = GWIZX10HALeXx0hw Xt = 351 x10°

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

Parg, = G7BX 107 <168 WO + (L3E7 X 10°° + 168 HO = 12,01 X 107

= 1200 .o0m
W12 + 2,01

P =0.204 ¢ (12,01 X 009w 2 X 107 = 113X 10°°

PCF

e {s;« .
- . NN T gy, PN ™ s
e % ..Ag‘w”“g!‘p F;,}g,vv;\x‘ AT AT e
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6. PROBABILITY OF THE RADIATION OF A SIGNAL GIVING A FAULTY COURSE POSITION
AT THE FAR FIELD ONLY.

CALCULATION
P =Py XPo XP +P
FF, CF mFF FF FF,
ONLY CSEn WLYELAY
P
P = P is a conditional factor, as previously
CF p + Peg & discussed.
m L 4 -
P ® N * D™+ (Njgg + AjpX ML P is the probability of a hidden
MON MON. MNce  failure in the far field DOM monitor-
ing circuitry.
P is unpredictable, being a function P is the probability that the ILS
FFCSEIIH of runway activity. Fl’(;seu" signal will be faulty with respect
P =0 d for the to DDM tolerance at the far field
FF bace °) due to external runway disturbances
CSEpem case. during the critfcal landing phase
of a landing (assumed to be 30
seconds for the base case).
PFF(MLY =P . —-—g :ﬁ PFF is the probability‘that the ILS
CSEIIH ONLY, signal will be faulty with respect
DELAY DELAY t5 0DM tolerance at the far field
due to external dfsturbances
during the 70 second delay of the
far field monftor alarm.
FAILURE RATE DATA
-6
N = 4,42 X 10
MONEr

IF LANDINGS ARE NOT ALLOWED wITH "ABN" LIGHT ON:
Neog * Nig = 0
-6, 2 _ -7
P, = (42 X 107 * 168 HR)® = 5,519 X 10
OmHeRwISE:
Negs = 183 x10°°
Ne = L3x10°
Py~ (442 X 10+ 168 WD + (163X 120°° + 1.143X10°%) * 168 = 12,09 X 10

. . . 70 SEC
PFFm_y Pcr Pm"'=|= 0+0 0 sec (Base Case)




TABLE C-2.

LocALIZER SHUTDOWN PROBABILITIES

1. SINGLE FAILURES IN THE LOCALIZER EQUIPMENT THAT CAUSE IMMEDIATE

LOCALIZER SHUTDOWN.

CALCULATION

Ps = &srme earLres < Tc

)‘SINGI.E FAILURES®

FOR A CRITICAL INTERVAL OF 30 SECONDS: 6 Py
Ps = 20,57 X 107°+30 sec = (20,57 X107V W3y R
P = 171 X107

Le29x 10
2,98 X 10°
1039 x10°
0,88 Y 10°°

2,47 X 107
0,916 X 107
1.115 X 10°°
L x10*
019 X 10°°
0.311 X 10°°
0.615 X 10°°
0.1 x 107
0.29 X 107
0.262 X 10°°
195 x 107
0.6% X 10°°
0.100 X 10°
0.789 X 10°
0.3 x 10°°
0.789 X 107
0,38 X 10°°
0.789 X 10°8
0,386 X 10°

Y N=20.57 x 107

TC = Critical Landing Time Interval

PAGE 1 oF 14
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2. 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

Paz = Pasr X%
WHERE

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

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

P = [+ N 1]+ Ong +T0

3,18 X 107

' A;Al =
Aaa = L6 X10° Ay = Luew®
| No = 477 X0 Ay = 477X
j Nz = 9.9 X 10°° Ney = 9.9 X 107°
1 - Ng = 7.10X10° Ny = 710X10°
ER Na = L6 X107 Nea = LU X10°
Ap = 7.550x10° Ngg = 7.19 X 10°°
s N =1.20X10° Ao =10.250X107°
1 Nea = 2.631X10° Nes = 2631X10°
i . Ay = 23x20° Ay = 24BX10°
r S Ny = 0MBXI0° Apg " 0.413 X 10°°
) Ape = LuS3X10° Nge = Lus3x10°°
._} - Ap =LR28RXW° Nr =LRERXI0°
8 § AN = L32X10° Ne = L¥2X10°
1 A = LERXI0° N = LB XU
t Ny = 0EBXIC N - 038X

(COMTINUED) (OWTTEM
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2. FAILURE IN THE MAIN TRANSMITTING UNIT AND A FAILURE IN THE STANDBY
TRANSMITTING UNIT., BOTH FAILURES OCCUR WITHIN THE CRITICAL PHASE
i OF THE LANDING, AND IT IS IMMATERIAL WHICH FAILURE OCCURS FIRST,

Carcutation (CONTINUED)

Ny = 076 X10°° Ney = 0.7% X 10°
Aea = 3.99Xx10° N = 399 Xx10°
Neg = B.uxW0° N = 3134 X 10°°
Nes = 013 X 10°8 Nos = 0.134 X 10°°

>\120 = 0.070 X 10-6

Ng = B0 10°
Nze = 0.0 X 10°° 8

| "

83.250 X 10°¢

Py = (85,430 X 107+ 30 sec) » (83,110 X 107° + 30 sec)

P = 4.98X10°"°

c-18

o]

e S i N
TR TR A T U A
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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 = — N X (B XPp

k* * 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 capabflity.

>\C is the conditfonal probability that the hidden failures modes (}\
)\A + >\ will occur prior to a main transmitting unit failure that
{nitfates a transfer (KA

Py= NyeTe = @BB5XW0MDsec = 6,3 X107
ApeM = A 168 1R

Ae = 1o3 + A&r 7
x;.03 = I.m X 10.6
Ny = 0586 X108
NZA = O.ZZ X 10-6

~ AN = 28x10°

Po = 49X10%) 168 = 4.1%2 x 107

P = — T @IRXWHEHXIWT) = 8461 X107
2.0 + 83.25

Sav s mge e o

g

"‘ ¢-19

T e
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4.

e b rdaige —EMS S O ey T T

A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY COURSE 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.

CaLcuLaTioNn
8
Psray, .. = CSE X Py XPpur
CSE )\ AR }\a CSE
1A1 cSE
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.

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

)\’csz is the conditional probability that the standby
>‘A + XIFAI + )\s transmitter failure modes ()\B ) will occur prior
Cse to a transmitter or control unit failure that
inftiates a transfer (KA + )\;Al)‘

- 7,150 X 107
4,727 X 107
9,98 X'10°°
0.413x 10°°
2.8 x10°
1.32 X 10°°

CSE

277
"o

£

N =%u1x10°
CSE

83.25 X 107 + 3.8 X 10°% 86,43 X 10°°
k,css- 63 HR = 61,16 X 10°*

= (N\g+ Ny eDsec = 0720 X 107

- B4 LELBXWYeQ20X10H =~ 13X’
%.43 + %.41

»
KA+AM1

P
8cse
Paer

P
STBY ¢

c-20
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O 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
R Mg Y Py XP
= SEN / X
TBYsen ()\ v > Bgen © A*T
At St )\aszn
WHERE

Y is the probability of a failure that will resylt in the generation of
SEN a faulty course width (DDM) parameter from the standby transmitter.

i v, v

PMT - previously identified
I
» N
SEN is a condit:oml probability factor,
¥ as previously discussed

X‘szn = Moot Nge # Mg H

= 0413 X 1076 + 12,832 X 107° + 1,302 X 10°® = 14,55 X 10°°

N+ Ny = 63X W

L 4.4 X 107

= A
Passu Bse

bl o 0 ahiiaied L

Paar = N+ N ) *30sec = 270X 10°

o " 14,55 o241 ¥ 10740720 X 1078 = 2.5% x 10710
86,43 + 14,55

. PSTBY

Lol AT B DRV B

& =)
14

-

5‘ -1
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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

Ng
Rrev, = N e Py ¢ Paar
o (}\R + A 0-)\ ) CL
1a1 B
L
WHERE

P8 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

( NCL ) is a conditional probability factor,

* as previously discussed.
At qu + >\8CL

>\Ba= Agy = 146 X 107
Np = 7.150 X 1678
Ng =10.250 X 107°
Ngs = 2,631 X 107
Ny = 1,582 X 10°
Agr = 0,388 X 10°°

Mgy = 0.7% X 2078

A, = v 108
BCL 2“.17 3 10

N+ N =883X10°
Py = g * 163 HR = 10,61 X 10°°
cL cL

Par = Ay + Alar )« Wsec=10.729 X 107°

= __ul  welx1homxi = 63 X107
%643 + 24,17

P
ST8Y L
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7. A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY [.D. siGNAL (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 1
_ )\,
P = 10 B, xP
STBY,p T e X%, XPaet
A 1A1 0
]
WHERE
| E—
13
! 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
PA+T - previously discussed
i
>\9m is a conditional probability factor, as previously discussed.
>\\ * >\;A1 + >\s
10
. _ -6
Aoyt A= LUBX w
Ny = 4T X0
-6
; Neg = 9.984 X 10
- -6
] N = 3.99X10

>\113 = 13,134 X 10'6
Nesz = 038X 10°°

N =BSBXI”
10

N+ Ny = 8eBXI0°

-4
Py, >\.,m 168 HR = 56,41 X 10
Pt = (N + AT )+ Dsec=0720X10°

Psra,, = — B (.41 X 0hHo72x10% = 1135 X100
%.43 + 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

Py = N X (A *168) X P,
STBY (X —F ) 8 A+T

A 11t s

i WHERE

PA+T - previously fdentified

KB is a conditional probability factor,
A as previously discussed.
B

Ny = 83.10X10°
>\A + KIAI = 86.“3 X 10'5
N +168 1R = 139.82 X 107

PA#T = (AA + A;Al) * 3) SEC = 0.720 X 10-6

Poray = — 8310 .30 X107 @720 X107 = 5071 X 10°?
86.43 + 83,110
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9, PoweR SUPPLY/CONVERTER FAILURES LEADING TO A SHUTDOWN,

CALCULATION

R =P + Peony_ *+ P
PS/CONV CONVHAIN CONVFF PSFF

WHERE

P is the probability of both main converters failing.
CONVHAIN

PCONV is 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

Peonvyyry = (N7 X 720 W *(N\yg X 30 sec)

PcouvFF = (Agpp X T20HR) * (N 505 X 30 seC)

PPSFF (XSOB + ABATTFF) X 720 HR] ° (KSOA A I] SEC)

Ny = Ng = 658X10°
Nsia = Nson = 242X 10°°

Asox = 5.790 X 10°°
Neos = 0,519 X 10
)‘am = 8.0X10°° (Assumed)

FF

Posscony = 2.61X107'° + 349 x 10711 + 2.9 X 107" = 5,90 %1070

Ia monthly prevantive maintenance cycle is assumed for power supply systems.
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10. BoOTH COURSE /1D MONITORS FAILING, PRODUCING AN ALARM,

CALCULATION

IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISIATCH CONDITION PRESENT;

2
Oesesto = (Aeserio °T0) (Case 1

OTHERWISE :

Pesesip = (Neseyro *168 HR) (Nesesip *Te) (Case 2

Acserio = “esertop T xcss/mz

Neserto) AN = 13.5% X 10°°

Aya = LOWXx10°
>\css/mf 1545 X107 .

Pegeyp = (1545 X 17+ D 5e0” = L7 X ot (Case 1)

_ 5.5 X 170 e B8 W) (15.45X 1077 ¢ 30 seo) = 3.341X 0P Case

PCSE/ID

n-26
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11, BoTH SENSITIVITY MONITORS FAILING, PRODUCING AN ALARM.
CALCULATION

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

Poen = Aew * T (CASE 1)
OmERWISE:
Psew = (Ney * 168 B Nggy + T (CASE 2) ;
>\ssn = }\ssnl = Ksenz
N Ny = 5% X 1078

SEN ® 38A

Pgy = (3,506 X 107 « 30 sec)” = 6,3 X 1078 (CASE D)

Py = (359 X 107° + 168 HRY(3.5% X 107 « 30 sec) = 1,289 X 107™° (CASE 2)
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12. BoTH CLEARANCE MONITORS. FAILING, PRODUCING AN ALARM.

CALCULATION

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

P = (N o T (CASE 1)
OTHERWISE :
Py = Ay < IBHRA T (CASE 2)
AtL = AILI = )ELz
Ny = Ny = W5mX10°8

CL 43A

1

P, = (14,500 X 107 * 30 sec)? = L4el x 107 @

P, = (14,509 X 107 * 168 4R) (14,500 X 10°° » 30 sec) = 2,997 X 10°'°  (CASE )
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13. BoTH FAR FIELD MONITORS/RECEIVERS FAILING, PRODUCING AN ALARM,
CatcuLarion
IF LANDINGS ARE NOT ALLOWED WITH A MONITOP MISMATCH
CONDITION PRESENT:
Per = (Agp o To)? (CASE 1)
f OYHERWISE: 1
Per = (Nppo 168 D) (A oTp) (CASE 2) !
ii
%$r = xvrl = %*rz
Nrt N = LOBXD0
Xy = 68RxW°
- )\49“ = 002X 10-6
]
i Net = BOOYDS
B
;
Pee = (18,00 X 107530 se0)? = 2,250 X 10 (CAE 1)
- Per = (18,00 X 10°°+ 168 HO(18.00 X 10+ 30 sec) = 4,5% X107  (CAE D)
|
| |
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APPENDIX D

GLIDESLOPE FAULTY SIGNAL AND SHUTDOWN
PROBABILITY CALCULATIONS
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TASLE D-1. G6LIDESLOPE FAULTY S1GNAL RADIATION PROBABILITIES
PAGE | oF 14
‘ 1. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION (PATH ANGLE) >
; DDM sieNAL.
{
: CaLcuLaTtion
;
Pcs[ = PCF X PINT X p, X P
! XM
{ oow CSEpgyy  TOMME ™RESE poue
]
WNERE
Pm L] PXNT
PCF = “wr CSEE PCF is a conditional factor,
P + P oP ) expressing the fact that all
X!mtcsc R)Nm_. “TCSE ODN monitoring must be lost ,
ooM DOM before radiation of a faulty :
; DOM signal in order for such
& signal to be undetected.
L, |
P = ( M)+ N\ M P is the probability of
N eSE pom M"cs: 10N N TeSEppy failure in the course

DOM {ntegral monitor-
ing circuitry,

hidden faflure in the near
field DDM monitoring
circuitry,

Prony EM"NF + A .311]"' + (N oMD Paon, {3 the probabil ity of a

is the probability
CSEDM that an actual faulty

course DOM will be

radiated, while no

other parameters

are affected,

= Nomr M Pxurr

P
xm“‘om CSEpom

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

M = 2 - 1f landings are not allowed with a monitor mismatch condi“ion
present (ABN Tight in tower).

1 - Otherwise.
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1.

PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION (PATH ANGLE)
DDM si16NAL., (CONTINUED)

FAILURE RATE DATA

Noong, = Mot = Nygg = 5.065 X 10°°

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

Apov = Moz * Ajs = 110 X

OTHERWISE :
Nwow = Mo+ Ajs = LH7X 0

>\mu” = A= Mg = 3,02 X 10°°
Ny = 0.2 x10°°
N = L3Xx10°

A
XNTR
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1. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION (PATH ANGLE)
DDM sianaL (CONTINUED)

m ; T —
-
i
{
{
i

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

Pixt = (5,065 X 107 + 168 HOO? + (1140 X 107 - 168 IR
! CSEW -7 .4 -4 -
= 7.24X107 + 195 X107 = 12X 10
Pan,, = [BR2X10°+0.22X 10°°) * 168 HRJ? + (1,143 X 1076 + 168 HR) .
= 41X07+L2 X0 - L2 X1
! P, = BBXIC 18R = 27,43 X 107
) DOM
i
| Per - 1. x 107 = Luxw®
ZHBXIWT + 12 X107
i ‘
Pese = QLBXODH L2 XY Q2 XxW0H @3 x10Y

! Pese = L7Xxw0"

IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

= (5,065 X 076 +158 HR) + (1.%67 X 107° +168 HR)

Pinr
0 . 851x107*+2.296x10™* = 1.08Xx10°°

CSE

= (4,086 ¥ 10°% <168 HR) + (1143 X 10°+168 HR) = 8,78 X 10"

4 - B S

PmNNF

-4
Putt 27.43 X 10

Pes . (1,08 X 10°%) + (8,78 X 107" -3 X 10
73X 10+ {08 X 1075+ @7 x 107
Pege = (6 X107+ 108 X107 @.78X107 « 7,13 X107
DOM

-13
Pestyy 9,001 X 107!
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TABLE D-1., GLIDESLOPE FAULTY S1GNAL RADIATION PROBABILITIES
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2, PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION SDM siGNAL,
1,E., INCORRECT PERCENTAGE MODULATION,

CALCULATION

Pcsssm = Per X P""swssu X Pourr

: CSE5om !
!
WERE
——— i
’ 2 ' !
v Per = INTS o/ seN Per 15 2 conditions] factor
P +P expressing the fact that al}
XHTRCSE ""sw /SEN monitoring which will detect
SOM an SOM fault (P,.o )
SOM/SEN

must be lost before trans-
wissfon of a faulty SOM

“ signal (an! ) can go
. ) undetected. ‘snu

L MM
P = (A MDD o ( M p is the probabiltty of
INTsomssen MONcge )\’”"sen " I™Tsou/SEn a hidden failure in
the integral monitoring
or control unit such that a
+ Aqon = M faulty course SOM signal would
be undetected. This factor ex-
presses the fact that a faulty
course SDM signal would cause
alarms from both the course
SDM integra) monitors and the
sensitivity integral monitors,
which share the same processin
in the control unit ( xm.n? .

e w

= A oM o is the probabiiity that
PR MTRee TN TR CSE AN altual faulty course
SOM signal will be ra-
diated, while no other
parameters are affected.

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

2 -~ If \andings are not allowed with a monitor mismatch condition
present (ABN light in tower).

M=
1 - oOtherwise.




!
1
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TABLE D-1. GriDEsLoPe FAULTY SiGNAL RADIATION PROBABILITIES
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2. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION SDM siGnAL, <
1.E., INCORRECT PERCENTAGE MODULATION, (CONTIMUED)
FAarLure RATE Darta
= * = . = -6
)\HONCSE b )\348 >‘355 5.065 X 10 .
- K 3 = * = -6
>\H0NSEN T AN T N 3121 x10
[F LANDINGS ARE NOT ALLOWED WITH “ABN" LIGHT ON:
Nwon = Nz + Njs = 1240 X 107
OTHERWISE: {
Nwon = Npr+ Aps = LI X0
xx"mcsz : >\33 = 0,07 x10°
N = Laxwt
x10[, = 0.070 X 10-6
Nogr = 0,92 X 1078
N1 = 1.31x10°
Aor = -6
X"‘RCSEson 3% X 10

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

= (5,065 X 1078+ 168)% + (3,121 X 107 « 1A8)% + (1,140 X 10°° « 158)

PI"Tson/ssu 5 > . .
=724 X107 +2,5 X107+ 1,2 X107 = 1,93X10 ,
Pwra =3%X10°.168 = 6.65 %10 .
CSTeom |
Pee = .__E;?i____ = 0,25 R

5.60 + 1,93

Pese = 0,25 0BXWH6.6Xx10" = 2.89x10°
“TESOM .

D-6
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TABLE D-1. GLIDESLOPE CAuLTY S1GNAL RADIATION PROBABILITIES
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2. PROBABILITY OF THE RADIATION OF A FAULTY COURSE POSITION SDM SiGNAL,
1.E,, INCORRECT PERCENTAGE MODULATION, (CONTIMJED)

FarLure RATE Data (CONTINUED)

IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

PNt = 085 X 107°+168) + 3,121 X 10+ 168) + (1,367 X 10" « 158)
= 851 X107 +524 X107 + L2 X0 = 157 X107
p = -4
Pt 6,65 X 10
Pee = _._]_S_l__ = 0,72
6.65 + 15,7
Pese = 0702+ (LS X 106,65 X 107 = 7.548 X 1077
SD™

0-7
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3. PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT
To COuRSE RF POWER.

CALCULATION

Pesey, = Fer X PINTCSERF X Prr e X PXMTRCSE

RF

HERE

PINTCSE ¢ P"FRF
RF PC is a conditional factor,
p + (P P ) expressing the fact that all
XMTR INTCSE NFRF RF monitoring must be lost
CSEpr RF before radiation of a faulty
RF signal in order for such

a signal to be undetected.

Per

MM y e
= (A MY+ A oM[ [ is the probabitity of
m”CSE TMON INTCSERF failure in the course
RF integral monitorinrg
circuitry.

CSERF

L3 LA d
Pur = Ny + Ax + Ajy) o MI Pyr._ s the probability that the
RF NF RF near field monitoring cir-
cuitry will fail to generate
an "abnormal® indication when
a faulty RF signal is radiated.

p = A o M is the probability that
YMTReSE o MR S E a signal that is faulty
with respect to RF power
will be radiated while
no other parameters are
affected,

M| = Preventive maintenance interval to check for hidden failures.
(one week - 168 hours - is assumed.)

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

1 - Otherwise,




|
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1
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TABLE D-1. OGL;pEsLopE FAuLTY SiGNAL RADIATION PROBABILITIES
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3. PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT
TO COURSE RF POWER, (CONTINUED)

Fa1Lure RATE Data

>\mNCSE = >\;48 = )\;sa = 5,065 X 10°°

IF LANDINGS ARE NOT ALLOWED WITH "ABN" LI1GHT On:
ANwow = 1140 X 1078

OTHERWISE:
XIHON = 1.357)(]0-6
Nor,, = Nz = N = 382 X107

Ay = 022 X10°

o= 2,083 x10°
ot A, = 6,73 X 10°°
N = 0,68 X 10°°
A3 = 0,07 X 10°°
Nag = L@ Xt
Noer = 0,466 X 10°°

All = 1.231 x 10-6
' -6
XWCSE” 10,85 X 10

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

= (5,065 X 106 +168 HRZ + 1,140 X 107° + 168 HR

P!NT
£
oo 7ux1077 +2.95 X0 = L2 X0

P, = GE2X 1075+ 0.262 X 1076 + 2,083 X 10°%) * 158 R = 10,29 X 107"




Y

TABLE D-1, GLIDESLOPE FAULTY SIGNAL RADIATION PROBABILITIES
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3. PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT ~ i
T0 cOURSE RF power. (CONTINUED)
Pentr = 1085X10°+168 R = 18,23 X 10°* i
CSERF
Pes - 1.2 X107+ 10,29 X 107 - LBXI0*
8.23X107 + (LR X107« 10,29 X 1071

Pese,, = (LOBX 109 1.2 X107 - 10,29 X 1074 - (18,23 X 1074

-14
PCSE = 3.917 X10

RF
IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

Pinr = (5,065 X 10°° 168 HR) + (1367 X 10°° + 168 HR)

CSEpg
=350t +20 0t - 081x107*
PNF = ] (Since a monitor mismatch from a near field alarm will
RF be ignored in this case.) >
= 182 -4
PXHTRCSERF 18,23 X 10
P - __ 08 . om
18,23 + 10,81
Pes; = 0,572 +(10.81 X 10" + (18,23 X 107%
CSERF
Pse,, = 7-BLX 17’

D-10
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4, PROBABILITY OF THE RADIATION OF A SIGNAL THAT 1S FAULTY WITH RESPECT
TO SENSITIVITY DDM,

CALCULATION
P = P.. XP XP
SENg cF A FINtgpy A Praegp,
WHERE
Pint
PCF SENP DCF is a conditional factor, as
PXMTR + previously described,
INT
SEN SEN
p = ( -MI)MM + A o M p is the probability of fai-
INTeey )\"O"ssu 1MoN INTSEN 1ure of course width sensi-

tivity DDM integral
monitoring circuitry
(hidden faflure).

P is the probability that

M XMTRSEN an actual faulty course
width signal will be ra-
diated while no other
parameters are affected,

P = A .
XMTRG XMTRg

M = Maintenance interval (168 hours assumed)

2 - 1f landings are not allowed with a monitor mismatch
M = condition present (ABN light in tower),

1 - otherwise.

Fatture Rate Data

. - -6
)\"O"ssn = Nyp = Nggg = 3.121X10
IF LANDINGS ARE NOT ALLOWED WITH "ABN" LIGHT ON:
-6
X"nn = l.l‘DXID

OTHERWISE
-6
Aon = 137 X10

b-N

S e vt ——— b i e B e A e
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TABLE D-1. GLiDEsLoPE FAULTY SiGNAL RADIATION PROBABILITIES
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4. PROBABILITY OF THE RADIATION OF A SIGNAL THAT IS FAULTY WITH RESPECT TO :
sensiTiviTy DDM.  (ConTinueD) ~

FatLure RATE DATA (CONTINUED)
FOR THE TWO FREQUENCY GLIDESLOPE,
L 2] -t E 23 .
Nuege, = Nagt * Noo A (BASE CcasE)

SEN

0523 X 1078 + 0.2750 X 107 + 0.0101 X 10°® = 0.8085 x 10°°

FOR THE ONE FREQUENCY, MULL REFERENCE GLIDESLOPE,
L 2 2 i L 2]
}\"""‘ssu = Nou * Nt AN

= 0.523% X 10°% + 0.2851 X 10°® + 0.0101 X 10°® = 0.3186 X 107

FOR THE ONE FREQUENCY, SIDE BAND REFERENCE GLIDESLOPE,

K - L 2 ) *h 2 2
WReey = N * Ao ¢ Alia

= 0.523%4 X 107 + 0.2750 X 107° + 0.0101 X 10°° = 0.80%5 X 10°®

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

p =12 x10"
§ INTsen
. - -6, - -4
; P’““Rseu = 0,808X10" 168 HR= 136X 10 (BASE CASE)
| P gAY}
~ e 1.354’ 1.92 % ﬂ
‘ P = 0,58 * (L@ X104 * (L3sx10" =155 x10°®

IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

P =(GL1X10°168) « L2 X107 = 7,54 x 107
SEN
_ 2 -4
P, ™ 1.:;3 ; 10 (
= _LA__ .o
Per 1.36+ 7.54
Pay = 0897 * LS4 X 10 * (136X 107 = 8.6%6 X107
DIM

0-12
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TABLE D-1. GLIDESLOPE FAULTY SIGNAL RADIATION PROBABILITIES
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; 5., PROBABILITY OF THE RADIATION OF A FAULTY CLEARANCE SIGNAL
! (DDM, SDM, or PP),
¥ CALCULATION
P = Por X Powrg X ey,
WHERE ;
) INT . . !
! PCF = cL PCF is a conditional factor, as i
X P + D previously discussed, :
| MR, T UINT |
Pt = Ohon. * o™ + Ao * M Pinr.. s the probability of a
cL CL CL hidden failure of any of
the clearance monitoring
circuitry.
P = A M P is the probability that
TR, XMTRe, XMTRei  the radiation of the
clearance signal will be
faulty with respect to
DDM, SOM, or RF parameters.
Ml = Maintenance interval (168 hours assumed).
. . 2 - If landings are not allowed with a monitor mismatch
M = conditfon present {ABN light in tower).
5 1 - Otherwise.

FarLure RATE Data

-‘ x'

408

Nwon, = Nij = 5.077 X207

IF LANDINGS ARE NOT ALLOWED WITH "ABN" LIGHT ON:
3

N = 110X 107

OTHERWISE :
xlmn = 1.57 X 10.6

R

0-13
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S. PROBABILITY OF THE RADIATION OF A FAULTY CLEARANCE SIGNAL
(DDM, SDM or RF). (CONTINUED)

Fa1Lure RaTE Data (CoNTinueD)

Nom,: Aa = Laxw
N = 6.73x10°
A = LIBX10
Noer = 0.466 X 10°°
N, = L2x10°

= -6
xma L2 X 10

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

Prar,, = 1.2 x 10
Powra,, = 1.2 X10°-168 R = 19,35 X 10°° 41
Pe = __ 1% - 903x107
9.3 +1.2
Pe = QO3XI10D-02XW0%-wBx10Y = 383 x10°

IF LANDINGS ARE ALLOWED WITH A MONITOR MISMATCH CONDITION PRESENT:

G077 X 1078 +168) + 1.2 X 10°* = 10.5 x 107

cL
Pore, = 1.5 X 10
P, =15 .43
19.% + 1065
Py = 0B LEXI0Y19Bx10Y = 7252107

D-14
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TABLE D-1. GLiDEsLoPE FAuLTY SIGNAL RADIATION PROBABILITIES
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6. PROBABILITY OF THE RADIATION OF A FAULTY SIGNAL, DUE TO ANTENNA TOWER
~ MISALIGNMENT, 1
CALCULATION
Py = P X Py X Py, + P,
ATM CF MD ™ “‘ELAY ‘
P
P = M P 1s a conditional factor, as
i .
PTH + PHD previously described
P_= o M P is the probability of the loss
0 )\m M of tower misalignment detection
and not producing an alarm (no
i "abnormal® 1ight 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.

P ap o IBSEC P is the probability that the

mmuy glideslope antenna tower
will become misaligned within
the 135 second delay of the
wisalignment detector alarm.

Ml = Maintenance interval (168 hours assumed)

Ap = PNegg * N7 = 2354 X 107 + 0,908 X 10°° = 3,262 X 10°°

> IF LANDINGS ARE NOT ALLOWED WITH “ABN" LIGHT ON:
| Pp  =3262X10°° 1684 =540X10"
3 Pm =) (Base case assumption)
4 135 -4
; =P, )+18=0°223X10 =0
P"\Euv ™ %W
Paw  =5:480X107°°0=0
Onemi se:
P'D =] ("Abnormal” indicatfon from misalignment detection is ignored.)
‘ P =P , =() (Base case assumption)
' Pamw =0

D-18




TABLE D-2. GLIDESLOPE SHUTDOWN PROBABILITIES

PAGE 1 oF 10
1, SINGLE FAILURES IN THE GLIDESLOPE EQUIPMENT THAT CAUSE IMMEDIATE ~
GLIDESLOPE SHUTDOWN,
CALCULATION
P = Z)\SINGLE FaILURES X T¢
-6
. * = ll x
ASINGLE FAILURES® A2 &3 10_6
'B =29 X10 .
n, * 1.0% X 10°°
j * o= 08X
3 AA

i Nog = L%B1X 108

Ny = L2 x10°

N, = 078X
‘ Ng = 0.08X10°
Nya = 020 x10°°
Ng = LI5X10
No = L15Xx10°
Ny = LI5X10°
Ns = L15x10°

]4 D A=15.31 X 1076

Tc = CRITICAL LANDING TIME INTERVAL

FOR A CRITICAL INTERVAL OF 15 SECONDS:

Py = 15,38 X 107+ 15 sec
= (15388 X 107« I5/5
P, = £3% X107




TABLE D-2. GLiDESLOPE SHUTDOWN PROBABILITIES
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2. FAILURE IN THE MAIN TRANSMITTING UNIT AND A FAILURE IN THE STANDBY
TRANSMITTING UNIT., BOTH FAILURES OCCUR WITHIN THE CRITICAL PHASE
OF THE LANDING (15 SECONDS FOR GLIDESLOPE), AND IT IS IMMATERIAL
WHICH FAILURE OCCURS FIRST,

CALCULATION
PAB = PA#T X PB

WHERE

PMY is the probability of lToss 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,

Pie = [ A+ Al Te]+tAs * T

Na = 38x10°8

Mi A = BTXWE N A = 6THXDT
ANa = L94x10° Aen = 194 x10°
;:, = 6734 X 10': x):, = 673 X m':

- 0.6%6 X 10° = 0.686 X 10"

Ay = 2.613X10°° Ny = 26BX10°

Ay = 07 x20°° Ap = 0.7 X10°°

A = L63X10°° Are = L&3x10°°

ANp =D& XWC Ne =RE2XW°

Ne = L3RX10°° Ne = LI2Xx10°

A = LUBX m': Mu = LUBX m‘Z

- 0IHXW = 0B X 10

' :::: = 0.0mx 0 hon o
| Ag =301 X10

Ay = B07X107°

Pag = (3.5 X106.15 sec) « (36,01 X 107° « 15 sec)
P = 2463 X107
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e % ama

PAGE 3 ofF 10

‘ 3. A HIDDEN FAILURE IN THE EQUIPMENT WHICH ESSENTIALLY INHIBITS THE
i TRANSFER CAPABILITY OF THE TRANSMITTING UNITS AND THEN A FAILURE

IN THE MAIN TRANSMITTING UNIT.
CALCULATION

_Nc_ x® xR

A A

Pac =

WHERE

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

! P, 1is the probability of the loss of the transfer to standby capability.

{
| >\C is the conditional probability that the hidden failure

NS modes (A.) will occur prior to a main transmitting
A C  unit failure that initiates a transfer (}\A).

.07 X10% 15 sec = 150X 1077
A 168 1R

Pr = AatTe
Pe = AceM

-
>‘wa’ 1T * Noa

Nps = L70X10°¢

Ae

0,545 X 10°° %

Ny
2
—

[ ]

0.2 X 107

&
2
N
>

[ ]

2,4 X 1078

&

P = (45 X105 163 = 4,12 X107

P = 245 @1 X1 QDX W07 = 4,05 X107
2.4% + 3%.,07




TABLE D-2. GLIDESLOPE SHUTDOWN PROBABILITIES
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4,

A FATILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY COURSE 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
R = x‘css XPy_ XPh,
STBY(qr (}\A* M *XB ) Begp "TAeT
CSE
WHERE

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

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

A

BCS(E is the conditional probability that the
>\A . A . )\B standby transmitter failure modes 8 ) will
1A1

CSE occur prior to a transmitter or con-
trol unit failure that initiates a transfer

(AN A )

N = 67X
N = 0.6%x10°®
Ag = 0.7 X10°
Ne =12.8%2 X107
Ne = L3 X108

Ng  =21.8X10°
CSt

st

N+ M = BOX10°+318X10°° = 0.5 X 10°°

PI‘cse )
Paer = (>\A + >‘1A1 ) * 15 sec = 0,164 X 10'6

Prav,, = —2LB___ -G53 X 1004¢0.164 X 177%)= 2,367 x 10°1°
n5 +2,8

D-19
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5., A FAILURE THAT WILL RESULT IN THE GENERATION OF A FAULTY COURSE - i
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
A
8
P = SEN XP XP
STBY B A+T
SEN N . SEN
N )\m N’scn .
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. i

- previously identified

NSEN is a conditional probability factor,
* as previously discussed.
M* ANt N’s:n

* )\75 ¢ Nt )\75
. 0427 X107 + 12,8%2 X 10 + 1,32 X 10°° = 14,56 X 10°°
At xl.Al = 105X 10°¢

PMT

N

SEN

= N *I8HR = 24,06 X107

P
Bsen SEN

Paor = (A * Aap) * 15 sec = 0,364 X 107°

- _ W% Lo x 100168 X100 = 1.0% X107

e 39,25 + 14,56

D-20
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TABLE D-2. GLIDESLOPE SHUTDOWN PROBABILITIES
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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

Porgy, = ( —tt )X Ps. X Pasr
L NP Wi )\BcL oL
WHERE

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

PA+T - previously identified

(xl BCL ) is a conditional probability factor, as
—_
previously discussed.
Y

Ny Nea = L9148 Xx10°
e = 573 X10°
Ny = LB X108
N, = 0RXW°

N+r, = B5x10°
Pp. = N *18HR = 1650 X107
CL cL
PA#T = (XA + X;Al ) 'JSSEC - Oolﬁqu-s

. 9 L1650 X 107014 X 1075 = 5.3 x 1071

T SEm




TABLE D-2, GLIDESLOPE SHUTDOWN PROBABILITIES
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7. A FAILURE THAT WILL RESULT IN THE GENERATION OF ANY FAULTY N
PARAMETER OF THE STANDBY TRANSMITTING UNIT, FOLLOWED BY ANY
FAILURE IN THE MAIN TRANSMITTER OR CONTROL UNIT WHICH CAN
INITIATE A TRANSFER.

CaLcutaTion
Pergy = A X (Ng *168) X Pyt
Nt Nut N .
WHERE
f Pasr - previously identified

is a conditional probability factor,

. + )q N )‘3 as previously discussed.
A Al

N = %.01X10°
N+ N = 025108
N 18 HR = 62,58 X107

Pt = (Mg + Ny oI5 sec = 0,164 X 10°°

y Pegy = 20 c@28X10% 0184 X100 = 4,983 X 1077

39.25 + 36,01

1 D-22
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' 8. CONVERTER FAILURES LEADING TO A SHUTDOWN,
CALCULATION
1
WHERE
PCONV is the probability of both main converters failing. 1
Ns = N = 6.58X10°
Peony = 1,306 X 107"°
1I\ monthly preventive maintenance cycle is assumed for power supply systems.
9. 20TH COURSE MONITORS FAILING, PRODUCING AN ALARH.
CALCULATION
IF LANDINGS ARE NOT ALLOWED WITH A MONITOR MISMATCH
CONDITION PRESENT:
Pee = (Aesp *ToY (CASE 1)
OTHERWISE : _
PCSE = (XCSE .168)(>\CSE 'Tc) (M 2)
CSE >\cs51 = >\cssz
= - -6
; Acser Aga = 12918 X 10
1
i
1
§ Pese = (12918 X 10°® * 15 secf= 2,897 X 10715 (CSE D
1 Pese = (12,918 X 10°° « 168 HR (12,918 X 10°° + 15 sec) 1268 X 107" (CAE 2)

D-23
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PAGE 9 of 17

i 10, BoTH SENSITIVITY MCNITORS FAILING, PRODUCING AN ALARM.

CALCULATION

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

PSEN = (>\SEN . Tc)z (u&. l)
OTHERWISE :
PSEN = (KSEN . l& HR)(XSEN . Tc) (USE 2)

Aoy = A =A

SN SENL SEN2

. -6
Aeeng = Ny = 9,59 X 10

-15

Py = (900 X107% +15 se0)? = 1,588 X 10 N
Oy = (160 X107° * 168 HR) (9,60 15 sec) = 6,445 X 107

]

11, 350TM CLEARANCE MONITORS FAILING, PRODUCING AN ALARM.

CALCULATION

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

. = (A » T2 (CASE 1)
OTHERWISE

A = A =

cL cLl cL2

o p
AN = N = 13.273X10

o, = BT X0 5E0? = 30
P = (B2 X 10 <168 HR) (13.27 + 15 se0) = 1.233 X 10°°

(CASE D
(A 2)

(Case DD
(Case 2)




TABLE D-2. GLIDESLOPE SHUTDOWN PROBABILITIES
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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:

e = N o T2 (CASE 1)
OTHERWISE:
i
| Pur = Me ~ BN + T0) (CASE )

>\NF = >\«r1 = >\crl

Aerr N = 1LOBX L0
A

28

Nep = 2.6X107°

1L.15 X 107

Py = (12,26 X107 +15 se0)® = 2,609 X0 (CAE D
Py = (12,26 X10°° * 168 HO(12.26 X 107° *15 seo) = 102 X e s







