AT DT

GOVERNMENT OF INDIA

OFFICE OF THE DIRECTOR GENERAL OF CIVIL AVIATION
TECHNICAL CENTRE, OPP SAFDURJUNG AIRPORT, NEW DELHI

CIVIL AVIATION REQUIREMENTS

SECTION 2 - AIRWORTHINESS

SERIES 'D' PART I

1° JANUARY, 1985 EFFECTIVE: FORTHWITH

Subject : Aircraft Maintenance Programme and their approval.
1. APPLICABILITY :

Aircraft Rule 60(2) authorizes DGCA to specify standard of maintenance of
aircraft, aircraft component and item of equipment. This series of CAR lays down
detailed compliance standard of maintenance. The requirements of CAR are
applicable to airlines and non-scheduled operators as well as private operators.

2. DEFINITION :
Airworthiness :

The continuing capability of the aircraft to perform in a satisfactory manner the flight
operations for which it was designed.

Maintenance :

The action or a set of actions including inspection,servicing and determination of
condition required to achieve a desired out-come which restores an aircraft part,
equipment in serviceable condition.

Overhaul:

Overhaul means stripping a unit and restoring it to its original design performance
level after replacing/reworking parts to a given standard.

Damage Tolerant :
An item is to be judged damage tolerant if it can sustain damage and the remaining
structure can withstand reasonable load without structural failure or excessive

structural deformation when the damage is detected. This includes damage due to
fatigue, accidental damage and damage due to environmental factors.

Structural Significant item :

A structural detail, structural element or structural assembly is judged significant because of
the reduction in aircraft residual strength or loss of structural functions which are subsequent to
its failures.
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Hard Time:

This is a failure preventive process in which deterioration of an item is
limited to an acceptable level by the maintenance actions, which are
carried out at periods, related to time in service (e.g. calendar time,
number of cycles, number of landings). The prescribed actions normally
include servicing and such other actions as overhaul, partial overhaul,
replacement in accordance with instructions in the relevant manuals, so
that the item concerned (e.g. system, component, portions of structure) is
either replaced or restored to such a condition that it can be released for a
further specified period.

On Condition:

This is also a failure preventive process but one in which the item is
inspected or tested, at specific periods, to an appropriate standard in order
to determine whether it can continue in service (such an inspection or test
may reveal a need for servicing actions). The fundamental purpose of On-
Condition is to remove an item before its failure in service. It is not a
philosophy of 'fit' until failure or ‘fit and forget it'.

Condition Monitoring:

This is not a preventive process, having neither Hard Time nor On-
Condition elements, but one in which information on items gained from
operational experience is collected, analyzed and interpreted on a
continuing basis as a means of implementing corrective procedure.

3. Purpose:

It is essential for the continued airworthiness of aircraft/aircraft systems
that there be an efficient maintenance program applicable to each aircraft.
With the change of size, complexity and high performance of aircraft and
also with improved design techniques it is essential that a more
knowledgeable approach is made to the control of maintenance. The
earlier concept of stripping and overhauling of all aircraft components,
items of equipment to ensure the airworthiness is no longer justified
considering improved design techniques, redundancy in the system, high
degree of built-in reliability and cost involved in carrying out overhaul as
airlines have to fly aircraft not only safely but also economically.

4, Primary Maintenance Process:
It has been recognized by the
various airworthiness authorities that the airworthiness of

aircraft and safety of its operation can be very well maintained by three
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following processes:-

(&) Hard Time Maintenance Process: This process recognizes that the component
or the part has got direct relationship between reliability and the age and also
its failure on the aircraft may have direct effect on the safety. Failure rate and
premature removal could be very well analyzed to establish that the
components/parts have been failing after reaching particular hours of
operation at which it is most desirable and efficient to remove the component
from the aircraft and carry out overhaul rather than let it fail on the aircraft. The
process is called the failure preventive maintenance process. This process is
suitable for operators with very small fleet of aircraft, low utilization and smaller
in size where system redundancy and modern sophistication has not been built
in the design stage and the operator may not have a large support organization
of Quality Control/record keeping.

(b) On Condition: On condition maintenance concept was later on developed where
the components deterioration or determination in reliability could be measured or
properly assessed without stripping the component by physical measurement,
benchcheck, internal leak rate checks, and the operator has to justify and
substantiate necessary data and support either from the manufacturers or from his
own operational data analysis with the particular components performance that
failure resistance could be detected by in situ maintenance for functional check and
establish a performance standard after which the component will be removed
and again brought to its original performance level and released for service for
specified period.

(c) Condition Monitoring: Condition Monitoring components have no overall control
and are operated to failure. No maintenance task is required to evaluate condition,
life expectancy or reliability degradation to replace the item before it fails. Neither
'Hard Time' nor 'On Condition' standards can control the reliability or failure rate
of CM items. Replacement of CM items is an UNSCHEDULED maintenance
action.

Note :  Notwithstanding the above, the definitions given by the manufacturer shall prevail
over those given in this CAR.

5. Approval of the System :

An operator depending on his capability, staff and other support organization
should apply to the Regional Airworthiness Office for approval of his
Maintenance Program. He can select either of the above three maintenance
programs or a combination of these processes as the primary means of controlling the
maintenance activities thereby leading to effective airworthiness
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control. Manufacturer's reconmendation wll be the main guiding
factor. Multi Cell conponents can have all the three
processes applied to e.g. an engine having a nunber of
conmponents (cells) sonme of which my be tine limted

(discs etc.), the others my be depending on the ON
Condition for exanple deterioration of engine power and
checked by Condition Run and sone on 'On Condi tion
Moni tori ng' concept.

6. Moni toring of the Approved Mai ntenance Process :
The mai ntenance process approved for an operator will have
to be nonitored continuously for its result and changes
i mpl emented arising out of this nmonitoring. Monitoring is
basical ly based on statistical analysis of various
per f or mance par aneters.
(1) Pilots' Report

Occurrence of malfunction in flight are recorded in the

Technical Log by the Flight Crew for each flight. Pilots
also record various instrunment data for nonitoring the
condi tion of the engine and airfrane. The engi ne

performance can be very well monitored by the inflight crew
monitoring of instruments. These nonitorings indicate 1ong
term trend and are very useful in recognizing inpending
failure/deterioration. The Pilots" report etc. are
calculated as rate per 1000 hours of operation or as a
nunber of per 100 departures. The operator has to establish
an Alert |evel based on experience of initial operation and
it can be continuously up-dated by neans of what is called
Rol ling average either quarterly or six nonthly.

(2) Engine Inflight Shut-Down :

Engine Inflight Shut-Down may result in renoval of the
engine for further overhaul or repair. Anal ysis of the
causes and the failure give lot of information on the
met hod of operation and the standard of engine overhaul, the
basic design of the engine. Feed-back from strip report
will be very much beneficial for enhancing the reliability
of Power Pl ant.

(3) Aircraft Mechanical Delay and cancell ation of services.

Performance of the operator or an airlines organization is
very well judged by the nechanical delays to schedul ed
services and also by the cancellations. All delays of nore
than 15 nts. as per the present approved practice are to be
reported and the operator support system (Quality Contro
Systen) has to assess cause and take corrective action. The
delays are «classified and assessed ATA systemwi se and
di spatch reliability cal cul at ed.
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(4) Conponents Unschedul ed Renpval s or Premature Renoval s:

This is another factor which would help the operator to
assess the condition of the conponent maintenance behaviour
after proper investigation of confirmed failures. Such
conmponent s are to be investigated by t he operators
reliability control section and necessary corrective action
t aken.

7. Statistical Reliability Measurenent

The various data collected are reduced to 1000 per hrs. of
operation or thousands of flight hours and nunerical rate
derived. The pilots reports as well as the confirnmed
failures are to be taken as conplenentary to each other as
soneti mes unschedul ed renoval of conponents may not be a
confirmed failure.

8. Reliability Alert Leve

The Reliability Alert level for the purpose of establishing
the performance standard control |evel or an upper limt may
be established based on the operators experience initially
over two to three years of operation depending on fleet
size and utilization and then to be continuously up-dated on
the experience gained and corrective action taken. There
are several nmethods of calculating an alert |evel and any of
the established nethods of statistical analysis may be used.
Appendi x (11) details one such nethod.

9. The Programre Docunent
The operator wll have to docunent the progranme for the
gui dance of all the personnel involved for satisfactory
i mpl enent ati on. It will also include the nmethod of

establishing alert value, the nethod of data «collection
publishing various docunents for the guidance of others
bringing out the various charts and graphs to indicate the
trend.

The Airworthiness Oficers would carry out checks to ensure
that the programme is inplemented in the spirit. Any
devi ation observed by them woul d be brought to the notice of
Quality Control Manager for corrective action.

Regul ar evaluation and assessnent by operator's higher
authorities of the reliability programme nust be done at
frequent intervals to detect the fault in the system The

programme will have to be reflected in the Mintenance
System Manual of the operator. It will clearly indicate the
alert values or upper control |imt which require a
mai nt enance action. The operators reliability nonitoring
unit under the Quality Control Manager wll review the

various Pilots Reports, premature renpved conponents,
i nvestigation reports, confirned failures, defects noticed
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by the AMEsS on ground and take necessary corrective action
after establishing the nonthly rate in light of the alert
established for the conponents.

After gaining experience and after denonstrating to the
Regi onal Airworthiness Ofices the particul ar conponent or
item be shifted fromone type of programme to the other
The <criteria for fixing whether the conponent would be on
Hard Tinme, On-Condition or Condition Monitoring concept wll
have to follow the | ogic decision tree given in the Appendi x
(ii) to this CAR (MSG 2 Logics). \When the operator wi shes
to change a conponent fromone type of nmintenance to
anot her he will produce necessary statistics to denobnstrate
and justify the same. Manufacturers' recomendation would
also be a guide in this regard. The operator wll also
produce the failure rate renoval etc. in graphical form for
the purpose of quick assessnent. Whenever alert value
exceeds, QC.M would initiate necessary corrective action
in this connection. However, wherever the failure rate
remains below an approved alert level the operator can
adj ust the life of conponent. Alert value will be
establ i shed for each operator by t aki ng t he nmean
failure/defect renoval rates and adding to it two or three
standard deviations to have a realistic confidence |evel and
scatter.

10. The Structural I|nspection Programme :

Pressurised transport aircraft require regular assessnent of
their structure which degrade in strength due to fatigue,
corrosion and accidental danmages received during t he
mai nt enance. The operator should have a regular programme
for assessing the condition of the aircraft structure. The
operator has to identify the significant structural itens
(SSl s) and devise a neans of regular inspection of these
itens. Initially for older aircraft, nmanufacturers would
i ssue a docunent called 'Suppl emental Structural |nspection
Docunment s' . Thi s docunment contains significant structura

items, nethod of inspection and required corrective action

The docunents when issued for an aircraft will be declared
mandatory for continued airworthiness of the aircraft.
There should also be a regular corrosion prevention
schedule included in the operators' Maintenance System
Manual in respect of the particular aircraft nmentioning the
type of inspection and various prevention nethods wutilised

for the purpose. It nmay be nentioned that aircraft had
been designed and their strength had been assessed without
consi deri ng i mpact of corrosion. Corrosion degr ades

strength considerably to the extent that catastrophic
failure may occur.

Particul ar areas such as wi ngtanks, |avatory galley, bilge
areas, require greater attention. Simlarly aircraft used
for insecticide spray requires nmuch greater attention in
this regard. MSG 2 Decision logic given in Appendix (I1)
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equally applies to structure.
11. Aircraft Engine Analysis Method :

The method of determining contents of the power plants scheduled maintenance
programme is similar to the programme of other components. The operator has to
identify:

a.The system and their significant items.

b.Their functions, failure modes and failure effects.
c.Define Scheduled Maintenance task having potential
d.maintenance leading to better reliability.

e.Assess the desirability of schedule of those task

f. having potential effectiveness.

g.Determine initial sampling threshold.

11.1 Inflight Shut-down :

Premature removal rate and engine instrument monitoring by crew are the methods
which can easily give the condition of the engine operation. Mechanical parameters like
engine oil analysis programme, oil consumption etc. are also methods available for the
purpose.

12. Programme Document :

Once the maintenance programme is approved, the same shall be reflected in the
Operator's Quality Control manual. The details of the programme such as inspection
schedule, COSL, special inspection schedules, etc. should be reflected in the Operator’'s
Maintenance System Manual. It shall be the duty of QC Manager to ensure that all
concerned personnel are made familiar with the contents of the manuals and ensure its
compliance.

CAR Series 'D' Part Il Issue lll, is hereby canceled.
Sd/-
(N. Ramesh)

Deputy Director General of Civil Aviation
for Director General of Civil Aviation
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APPENDI X - 1

1. A decision tree diagram (figure 1 of Addendum 1)
facilitates the definition of schedul ed maintenance tasks
havi ng potential effectiveness. There are five key
guesti ons.

NOTE: Questions (a), (b) and (c) nust be answered for
each failure node, question (d) for each function, and
guestion (e) for the itemas a whole.

(a) Is reduction in failure resistance detectable by
routine flight crew nonitoring?

(b) Is reduction in failure resistance detectable by in
situ mai ntenance or unit test?

(c) Does failure node have a direct adverse effect upon
operating safety? (See Addendum 3)

(d) Is the function hidden fromthe view point of the
flight crew? (See Addendum 3)

(e) 1Is there an adverse relationship between age and
reliability?

2. Each question should be answered in isolation, e.g., 1in
guestion (c) all tasks which prevent direct adverse effects
on operating safety nust be listed. This may result in the
sane task being listed for nore than one questi on.

3. If the answer to question (a) is Yes, this neans there are
nmet hods avail abl e through nonitoring of the normal in-flight
i nstrunmentation to detect incipient conditions bef ore
undesirable system effects occur. A Yes answer does not
require a maintenance task. |If the answer is NO there is
no in-flight nonitoring which can detect reduction in
failure resistance. This question is neant to refer to the
flight crews' ability to detect deteriorating calibration or
systens operation before a failure occurs.

Not e: - Tasks resulting fromin-flight nonitoring are part
of nonschedul ed nmi nt enance.

4. If the answer to question (b) is Yes, it neans there is a
mai nt enance task, not requiring itemdisassenbly, that has
potential effectiveness in detecting incipient conditions
before undesirable systemeffects occur. Tasks may include
i nspection, servicing, testing, etc.

Not e: - Tasks resulting froma Yes answer to question (b)
are part of the On Condition nmaintenance programre.

5. If the answer to question (c) is Yes, this failure node has
a direct adverse effect on operating safety. It is
necessary to exam ne the nmechanismof failure and identify
the single cells or sinple assenblies where the failure
initiates. Specific total time, total flight <cycle, tine
since overhaul and cycle since overhaul linmtations may be
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assigned these single cells or sinple assenblies and the
probability of operational failures wll be mnmnimzed

Exanpl es of these actions are turbine engine disc limts,
airplane flap link life limts, etc. |In many cases, these
limts nust be based upon manufacturers devel opnent testing.
Fortunately, there is only a small nunber of failure nodes
which have a direct, adverse effect on operating safety.
This results fromthe fact that failure node analysis are
conducted t hroughout the process of flight equipnment design

In nost cases, it is possible after identification of such a
failure node to make desi gn changes (redundancy,
i ncorporation of protective devices, etc.) which elimnate
its direct adverse effect upon operating safety. If no
potentially effective task exists, then the deficiency in
design nust be referred back to the manufacturer. The term
"direct adverse effect upon operating safety” is explained
i n Addendum 2.

Not e: - Tasks resulting froma Yes answer to question (c)
are part of either the Hard Tine limtation nmaintenance
programme or the On Condition nmaintenance progranme.

6. Refer to Addendum 3 for explanation of question (d). |If the
answer to question (d) is Yes, periodic ground test or shop
test may be required if there is no other way of ensuring
that there is a high probability of the hidden function
being available when required. The frequencies of these
tests are associated with failure consequences and
anticipated failure probability. A conponent can not be
consi dered to have a hi dden function which is evident to
the flight crew during normal operations. In this case, the
answer nust be NO

Not e: - Task resulting froma Yes answer to question (d)
may be part of either the Hard Tine |imtation or the On-
Condi ti on nmai nt enance progranmme.

7. If the answer to question (e) is Yes, periodic overhaul may
be an effective way of controlling reliability. \Whether or
not a fixed overhaul tine [imt will indeed be effective can

be determined only by actuarial analysis of operating
experi ence.

Not e: - Tasks resulting froma Yes answer to question (e)
are part of the Hard Tine |intation maintenance program

8. It has been found that overall nmeasures of reliability of
conpl ex conponents, such as the premature renoval rate,
usually are not functions of the age of these conponents.
In nost cases, therefore, the answer to question (e) is No.
In this event, schedul ed overhaul cannot inprove operating
reliability. Engi neering action is the only neans of
inproving reliability. These conponents shoul d be operated,
t herefore, wi thout schedul ed overhaul
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10.

11.

12.

13.

14.

15.

Not e: - Systens or items which require no schedul ed tasks
are included in condition nonitoring.

The preceding paragraph is contrary to the comon beli ef
t hat each conponent has an uni que requirenent for schedul ed
mai ntenance in order to protect its inherent | evel of
reliability. The wvalidity of this belief was first
chal l enged by actuarial analysis of the |life histories of
various conponents. More recently, the correctness of the
precedi ng paragraph has been overwhel m ngly denonstrated by
the massive operational experience of many airlines wth
many different types of conponents covered by Reliability
Programes conplying with FAA Advisory Circul ar 120-17.

It is possible to change the answers to the five questions

in the decision diagram by inproved technol ogy. It is
hoped that Aircraft Integrated Data Systens (AIDS), for
exanple, wll reliably indicate reduced resistance to
various nmodes of failure of many conponents during nornal
airline operations. |If this is deternined to be possible
many "NO' answers to questions (a) and (b) will becone "YES"

answers. Answers may al so be changed by various devel opnent
in the field of nondestructive test technique, built-in test
equi pnent, etc.

The questions in Figure 1 are intended to det erm ne

mai nt enance tasks having potential ef fecti veness for
possible inclusion in a scheduled nmintenance program
However, it is probable that many of these "potentially"

beneficial scheduled tasks would not be "desirable" even
t hough such tasks could inprove reliability. This might be
true when operating safety is not affected by failure or the
cost of the schedul ed maintenance task is greater than the
val ue of such resulting benefits as reduced incidence of
conponent premature renoval, reduced incidence of departure
del ays, etc. Additional diagrans are used to assess the
"desirability" of those schedul ed mai ntenance actions which
have potential effectiveness. This is acconplished by
Figures 2 and 3 of Addendum 1.

Figure 2 selects those tasks which nust be done because of
operating safety or hidden function considerations. Fi gure
3 selects those tasks which should be done because of
econoni ¢ consi derati ons.

Figure 2 assesses tasks |listed against the Yes answer of
gquestions ¢ and d in Figure 1, and selects those tasks which
nmust be done.

For the operating safety question, at |east one task nust be
listed for each failure node having a yes answer to question
of Figure 1. An expl anation should be given for any
guestion tasks not sel ected.

For hidden function question, nornally at |east one task

SECTION 2-AIRWORTHINESS
15T JANUARY, 1985
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16.

17.

18.

19.

20.

nmust be listed for each hidden function having a yes answer
to Figure 1, question. If atask is not selected, as
permtted by addendum 3, an expl anati on nust be provided.

Figure 3 assesses tasks listed against the Yes answer in
Figure 1, questions (b) and (e) and select those tasks which
shoul d be done because of econom c considerations.

A key question in Figure 3 is the first, "Does real and
applicable data show desirability of scheduled task?" A
"Yes" answer is appropriate if there is:

(1) Prior know edge fromother aircraft that the schedul ed
mai nt enance tasks had substantial evidence of being
truly effective and econonically worthwhile, and

(2) The system conponent configuration of the old and new
airplanes are sufficiently simlar to conclude that the
task will be equally effective for the new airpl ane.

The question "Does failure prevent dispatch?" refers to
whether the item wll be on the Mnimm equipnent |[ist
(MEL) .

The question "Is elapsed tinme for correction of failure >
0.5 hr.? refers to whether <corrective action can be
acconpl i shed without a delay during a normal transit stop

When a task "requires evaluation" it is inportant that the
frequency of the failure and the cost of carrying out the
task are taken into consideration.

SECTION 2-AIRWORTHINESS
15T JANUARY, 1985
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ADDENDUM |
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The

ADDENDUM 2

foll owi ng el aborates on the term"direct and adverse effect

on operating safety.”

During the design process considerable attention is given to
system and conponent failure effect analysis to ensure that
failures that result in loss of function do not immediately
j eopardi ze operating safety. In nmany cases, redundancy can
cause the consequences of a first failure to be benign. In
ot her cases, protective devices serve this purpose. Although
it may not be possible to continue to dispatch the airplane
Wi t hout correcting the failure and although it may indeed be
desirable to make an unschedul ed | anding after failure, the
failure cannot be considered to have an inmediate adverse
effect upon operating safety. The inclusion of the word
direct in the phrase "direct and adverse effect on operating
safety" nmeans an effect which results from a specific
failure node occurring by itself and not in conmbination with
ot her possible failure nodes.

Certification requirements ensure that a transport category
aircraft has very few failure nodes which have a direct
ef fect on operating safety.

SECTION 2-AIRWORTHINESS
15T JANUARY, 1985
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ADDENDUM 3
EXPLANATI ON OF HI DDEN FUNCTI ONS

A conponent is considered to have a "hidden function" if either
of the follow ng exists:

1. The conmponent has a function which is normally active
whenever the systemis used, but there is no indication to
the flight crew when that function ceases to perform

2. The conponent has a function which is normally in active and
there is no prior indication to the flight crew that the
function will not performwhen called upon. The demand for
active performance will usually follow another failure and

the demand nmay be activated automatically or manual ly.

Exanpl es of conponents possessing hi dden functions exist in
a bleed air system A bleed air tenperature controller
normal Iy controls the bleed air tenperature to a maxi num of
400 degree F. In addition, there is a pylon shutoff valve
whi ch incorporates a secondary tenperature control, should
the tenperature exceed 400 degree F. A duct overheat switch
is set to warn the flight crew of a tenperature above 480
degree F, in which event they can shut off the air supply
fromthe engine by actuating the pylon shutoff valve switch

There is no duct tenperature indicator

The bleed air tenperature controller has a hidden active
function of controlling the air tenperature. Since there is
a secondary tenperature control in the pylon valve and since
there is no duct tenperature indicator, the flight crew has
no i ndi cation of when the tenperature control function
ceases to be performed by the tenperature controller. Also,

the flight crew has no indication prior to its being called
into use that the secondary tenperature control function of
the pylon valve will perform Therefore, the pylon valve
has hidden inactive function. For simlar reason, the duct
over heat warni ng system has a hidden inactive function. And
the pylon valve has a hidden inactive function(mnua

shutoff) since at no tine in normal use does the flight crew
have to manually close the val ve

The hidden function definition includes reference to "no
indications to the flight crew' of performance of that
function. |If there are indications to the flight crew, the
function is evident (unhidden). However, to qualify as an
evident function, these indications nust be obvious to the
flight crew during their normal duties, wthout specia
monitoring (bear in mnd, however, that special nonitoring
is encouraged as a part of the maintenance programto nmke
hi dden functions in to evident ones).

It is recognised that, in the performance of their norma
duties, the flight crews operate sonme systens full tineg,

14
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ot hers once or twice per flight, and others |l ess frequently.
All  of these duties, providing they are done at sone
reasonabl e frequency, qualify as "nornmal". It nmeans, for

exanple, that although an anti-icing system is not used
every flight it is used with sufficient frequency to quality
as a "normal" duty. Therefore, the anti-icing system can be
said to have an evident (unhidden) function from a flight
crew s standpoint. On the other hand, certain "energency"
operations which are done at very infrequent periods (Iless
than once per nonth) such as energency gear extension, fue
dunp actuation, etc., cannot be consi dered to be
sufficiently frequent to warrant classification as evident
(unhi dden) functions.

The anal ysis nmethod requires that all hidden functions have
some form of scheduled nmmintenance applied to t hem
However, in those cases where it may be difficult to check
the operation of hidden functions, it 1is acceptable to
assess the operating safety effects of conbined failures of
the hidden function with a second failure which brings the
hi dden function failure to the attention of the flight crew
In the event the combined failures do not produce a direct
adverse effect on operating safety, than the decision
whet her to apply mai ntenance to check the pertinent hidden
functi on becones an econon ¢ decision to the considered by
Fi gure 3 of Addendum 1.

Note also, in sone cases, it is acceptable to acconplish
hi dden function checks of renovable conponents during
unschedul ed shop visits, providing the conponent has atl east
one ot her function which when failed is known to the flight
crew and which causes the unit to be sent to the shop
Al so, the hidden function failure nopde should have an
esti mat ed reliability well in excess of t he tota
reliability of the other functions that are evident to the
flight crew.
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(a)

(b)

(¢)

APPENDI X - 2

ESTABLI SHI NG ALERT LEVELS

Alert Levels should, where possible, be based on the nunber
of events which have occurred during a representative period
of safe operation of the aircraft fleet. They should be
updated periodically to reflect operating experi ence,
product inprovenent, changes in procedures, etc.

When establishing Alert Level based on operating experience
the normal period of operation taken is between two and

three years dependent on fleet size and wutilisation. The
Alert Levels wll wusually be so calculated as to be
appropriate to events recorded in one-nmonthly or three-
monthly period of operation. Large fleets wll generate

sufficient significant information nuch sooner than snal
fleets.

Where there is insufficient operating experience, or when a
programme for a new aircraft type is being established, the
foll owi ng approaches nmay be used.

(i) For a new aircraft type during the first two years of

operation al | mal functions could be consi der ed
significant and should be investigated, and although
Alert Levels may not be in use, programme data will
still be accurul ated for future use.

(ii) To an established aircraft type with a new operator

the experience of other operators my be utilised
until the new operator has hinself accunulated a
suf ficient peri od of hi s own experi ence.
Alternatively, experience gained fromoperation of a
simlar aircraft nodel may be used.

(iii) A recent concept to be applied in setting Alert Levels

for the latest aircraft, aircraft designs, is to wuse
conmputed values based on the degree of system and
conmponents in- service, expected reliability assuned in
the design of the aircraft. These conputed values are
normal |y quoted in terms of Mean Ti me Bet ween
Unschedul ed Renoval (MIBUR) of Mean Tine Bet ween
Failure (MIBF) for both individual conponents and
conplete systens. Al t hough these levels tend to be
t heoreti cal, t hey are, of course, based on a
consi derabl e anmount of testing and envi ronnent a
engi neering and design analysis. Being purely initia
predi ctions they should be replaced when sufficient
i nservi ce experience has been accunul at ed.

(d) There are several recognised methods of calculating
Alert Levels, any one of which nay be wused provided
that the nmethod chosen is fully defined in t he

SECTION 2-AIRWORTHINESS
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operator's Programme docunentation.

(e) Typical acceptable procedures for establishing Alert
Level s are described briefly in paragraphs (i) to (iii)
and sone detailed examples of the nmet hods of
calculation are shown in Appendix B. It will be seen
that the resultant Alert Levels can vary according to
t he met hod of calculation, but this need not
necessarily be considered to be of significance.

(i) Pilots Report (Pireps)

For the follow ng exanpl e cal cul ations, a mnimum of twelve
nmont hs operating data has to be available and the resultant
Al ert Level per 1,000 hours is:

Cal cul ation 1.

The three-nonthly running average Pirep rate per 1,000 hours
for each system (or sub-system) as in the Table of Exanple
1, is averaged over the sanple operating period and is known
as the Mean; the Mean is nultiplied by 1.30 to produce the
Level Alert for a given system This is sonetinme known as
the '1.3 Mean' or '1.3x- nethod.

Cal cul ati on 2.

The nmean, as in Calculation 1, plus the Standard deviation
of the 'Mean' (as illustrated in Appendi x B- Exanple 1)

Cal cul ati on 3.

The nean, as in Calculation 1, plus the Standard deviation
of the 'Mean of the Means', plus 3 Standard Deviations of
the Mean (as illustrated in Appendi x B-Exanple ).

(ii) Conponent Unschedul ed Renoval s :

For the following exanple calculations, a nininmum
period of seven quarters' (21 nonths') operating data
has to be available, and the resultant Alert Level rate
for the current quarter may be set in accordance wth
any one of the follow ng:

Cal cul ation 4.

The nmean of the individual quarterly Conponent Unschedul ed
Renmoval s' rates for the period of seven quarters, plus 2
standard devi ati ons of the Mean

Cal cul ation 5.

The maxi mum acceptable nunber of 'Expected Conponent

Unschedul ed Renobvals' in a given quarter, as calculated
using a statistical process in association with the Poisson
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Di stribution of Cunulative Probabilities (as illustrated in
Appendi x 3).

Cal cul ati on 6.

The Nunber of ' predicted Conponent Unschedul ed Renmpvals (or

failures)' in a given quarter, as determ ned by the Wil bul
or other suitable statistical method.

(iii) Component confirned Failure:

The period of operating experience has to be as in (ii) and
the resultant Alert Level rate for the current quarter is
the 'corrected" nmeans of the individual quarterly Conponent
Confirmed Failure rates for the period, plus 1 Standard
Deviation of the Man ( as illustrated in Appendix B
Exanpl e 4).

-~ END --
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