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1. SCOPE

This SAE Aerospace Recommended Practice (ARP) provides methodologies and approaches which have been used for
conducting and documenting the analyses associated with the application of Time Limited Dispatch (TLD) to the thrust
control reliability of Full Authority Digital Electronic Control (FADEC) systems. The TLD concept is one wherein a
redundant system is allowed to operate for a predetermined length of time with faults present in the redundant elements
of the system, before repairs are required. This document includes the background of the development of TLD, the
structure of TLD that was developed and implemented on present generation commercial transports, and the analysis
methods used to validate the application of TLD on present day FADEC equipped aircraft. Although this document is
specific to TLD analyses (for FADEC systems) of the loss of thrust control, the techniques and processes discussed in
this document are considered applicable to other FADEC system failure effects or other systems, such as, thrust reverser,
and propeller control systems, and overspeed protection systems.

1.1 Purpose

The purpose of this dpcument is to provide guidance on achieving approval of time-limited-dispatch (TLD) for full
authority digital electropic (engine) control (FADEC) systems. In this regard, the usage of.the t¢rm "TLD" refers to the
concept that FADEC epgine control systems shall be allowed to operate with faults for<a’ specified period of time, after
which, appropriate repairs shall be made to bring the system back to a "full up" configuration. Hor the purposes of this
document, the term "fyll up" is used to indicate that the FADEC system is free of. faults which|affect its loss of thrust
control (LOTC) failure rate as defined in Section 5. Hence, "required repairs" faof this application of TLD are limited to only
those faults that affect|the LOTC rate, and faults that do not affect the LOTC‘rate, such as faldlts in sensors used for
engine condition monitgring, are not addressed in these guidelines. Sensors that could affect thel LOTC rate, such as oll
pressure, oil temperatyre, and exhaust gas temperature (EGT) should be included in the analysis if those sensors are
part of the engine's FAIDEC system.

This document is concg¢rned with LOTC events which are caused by failures and/or faults in the gngine's control system.
Engine failures from arly other causes are not the subject of these guidelines. In addition, this dgcument is not intended
to establish specific requirements for FADEC system certification or design. Specific requirements pertaining to
certification should be dqoordinated with the appropriate cettifying agency.

1.2 Summary of Revisions

1.2.1  Summary of Regvision A
A significant improvement in determining the fractional coefficients of the time-weighted-average|(TWA) equation, which
is the first approach described hereih. for estimating the average LOTC rate of the system, has been made and is

described in 7.1. The new coefficiénts allow the TWA method to yield a more balanced solution | one which is closer to
the Markov model solutjon and somewhat simpler to use.

Much has changed in the description of the Markov modeling (MM) analysis approach described in this revision. Since
the original release in Jufe)of 1997 the authors of thls ARP have a better understandlng of the MN! approach as it applies
to FADEC as well as other i i i Open Loop or Closed
Loop model. The nomenclature of Open Loop and Closed Loop Markov models is unique to this document. The authors
have not seen this terminology used elsewhere, and there is no intention herein to set any type of standard in the using of
this terminology. The development of the Closed Loop MM approach has lead to NOT having to solve a set of differential
equations to obtain the steady state solution for the overall average failure rate of a system, but rather, simply solving a
set of algebraic equations to obtain the solution. This was implied in the original release, because the MMs in that
release were solved by integrating the differential equations until a steady state solution was obtained, where all of the
time derivatives were essentially zero. However, it was not specifically called out that the derivatives should be set to
zero at the onset, and the resulting set of algebraic equations solved to obtain the values of the state probabilities.

In addition, it was not recognized that the values obtained for the state probabilities, which are dependent on the value of
the feedback rate from the fully-failed, loss-of-thrust-control (LOTC) state to the full-up state, do not affect the failure rate
of the system. Hence, although the original release provides some rational for setting the feedback or repair rate from the
fully failed LOTC state to the full-up state to unity (i.e., 1.0), the value of this feedback rate doesn’t matter and the rational
for setting the feedback rate to unity can be misleading. As the new material shows, the solution is independent of all
state probabilities and the value of the fully failed to full-up feedback rate. The solution is only dependent on the failure


https://saenorm.com/api/?name=5c3776f609c385bb454149bf3c9cf1f3

SAE ARP5107 Revision B -5-

rates between the various states of the model and the repair rates used for the short time (ST), long time (LT) states, and
if modeled, any no-dispatch (ND) fault states.

Experience has also shown that simulating states representing two or more failures has little influence on the overall
LOTC rate of FADEC systems when the repair rates for the various fault states are much more frequent than the failure
rates into and out of those fault states. When this is the case, constructing a “single state model” is usually adequate. In
single state models, described in 7.2.2.3, only single fault states are modeled, and only those additional single failures
that would cause the control system to go from those single fault states to the LOTC state are modeled. Adding additional
multiple failure states only affects the answer by small amount, i.e., less than 5%. This is discussed in more detail in
Appendix G.

Similar to the above, the use of the terminology “single state model” is unique to this document, and there is no intention
to set any terminology standard with the use of this descriptive term. Some who have reviewed this document have
commented that the us i i is mi i i » model actually models
all dual failures that leafl to the LOTC state. This is correct. However, the selection of the terminglogy made because the
model explicitly shows pnly the single failure states. All dual failures that lead to LOTC events. arg included in the LOTC
failure state, and no dual failures that do NOT result in an LOTC event are modeled.

A revised Engine and R

FADEC systems was r¢leased on June 29, 2001. Changes from the original policy‘letter, see ref

requirements for TLD d
has been learned of Tl
included in Appendix B

A discussion of the eld

LOTC analysis, will be added (6.4) in the future.

1.2.2 Summary of Re

Section 6.4, on Recom
provide more guidancs
added.

The functions of the sy
the overall system arch
changing. All of these

the information included in this sectiondoes not provide an absolute answer, but is intended to pn

use in selecting which ¢

The added Table 1 in

ropeller Directorate policy letter, reference 2.1.1.3, on time-limited-dispatc
perations were minor in nature, but the revised policy letter was expande
LD operations from in-service experience. The new Qolicy letter replaces

ments that are considered part of the engine eontrol system and should

vision B
mendations on ltems Considered Part of the FADEC System, has been s

on that subject. Section 6.5/~on Recommendations on in-service LOT

stem, the elements selected for use in the system, and the design implen
itecture. In additiomintegration between the engine and the aircraft contr
factors impact the selection of the elements to include as part of the FAD

lements of the aircraft/engine control system should be included in the ana

functions and failure
restriction envelope de

that séction illustrates how to consider all elements of the thrust or poyv
odes‘dssociated with the element, and then evaluate whether it is or
icted in Figure 3.1. The table also shows the most likely result of a fa

h for engines fitted with
brences in 2.1.1, to the
i greatly to reflect what
the original one and is

be represented in the

gnificantly expanded to
C Reporting, has been

nentation all depend on
bl systems is constantly
FC system. Therefore,
pvide a methodology to
ysis.

ver control system, the
is not part of the TLD
lure of the element by

identifying the applicabl

e ared ol rigure 5.1.

1.3 Field of Application

This document applies to redundant FADEC control systems for aircraft engines on multi-engine aircraft. TLD addresses
the level of degraded redundancy that is allowable - while still meeting the necessary airworthiness requirements - for
FADEC controlled aircraft engines used on multi-engined aircraft. (It is noted that the submittal of a TLD analysis is not a
requirement for certification of an engine incorporating a FADEC system. The analysis is a means to substantiate and
obtain approval for dispatching and operating a FADEC system - for limited time periods - with faults present in the
system.) Although this document specifically applies to FADEC systems on multi-engined aircraft, the methodologies
presented herein with regard to achieving an overall average system failure rate can also be applied to other systems.
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2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE
publications shall apply. In the event of conflict between the text of this document and references cited herein, the text of
this document takes precedence. However, nothing in this document supersedes applicable laws and regulations unless
a specific exemption has been obtained.

2.1.1  FAA Publications

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591, Tel: 866-835-
5322, www.faa.gov.

e 14 CFR Parts 23, 2b, 27, 29, 33

e (Original) ANE Policy Letter, on dated October 28, 1993, Time-Limited-Dispatch. of Engines Fitted with FADEC
Systems

e Revised ANE Policy Letter, ANE-1993-33.28TLD-R1, dated June 29,2004, Policy for Time Limited Dispatch (TLD) of
Engines Fitted with|Full Authority Digital Engine Controls (FADEC) Systénis, given in Appendi} B

e Advisory Circular, AC 33.28-1, “Compliance Criteria for 14 CFR §33.28, Aircraft Engines, Hlectrical and Electronic
Engine Control Systems”, issued June 29th., 2001

2.1.2 EASA Publicatipns

Available from Europedn Aviation Safety Agency, Postfach 10 12 53, D-50452 Koeln, Germany, Tel: +49 221 8999 000,
www.easa.eu.int.

e (CS-23
e CS-25
e CS-27
e CS-29
e CS-E
e CS-APU

2.2 Acronyms and Symbols

ARP Aerospace Recommended Practice

CAA Civil Aviation Authority (FAA of United Kingdom)
CFR Code of Federal Regulations (aka. FARS)

CPU Central Processor Unit

CMR Certification Maintenance Requirement
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CSs

DDG

EASA

EEC

FAA

FL

FADEC

FAR

HM (or HMC or HMU)
IFSD (or IFSDs)
JAA

JAR

LOTC

MEL

MM (or MMs)
MMEL

MPD

MRB

ND

ST

LT

TLA

TLD

TWA

Certification Specification (EASA nomenclature)
Dispatch Deviation Guide

European Aviation Safety Authority

Electronic Engine Control

Federal Aviation Administration (or Authority)

Flight Length (in hours)

L s aina-Canical
T = SOt

Ot Ot

Federal Aviation Requirement

Hydromechanical (control or unit)

In-Flight Shut Down(s)

Joint Airworthiness Authorities (of Europe) (Replaced by EASA)

Joint Airworthiness Requirement (Replaced.by EASA CS publications
Loss of Thrust Control

Minimum Equipment List (airline;operator constructed, based on the M
Markov Model(s)

Master Minimum Equipment List (provided by aircraft manufacturer)
Maintenance Planning Document

Maintenance-Review Board

Non-Bispatchable Fault/Condition

Short Time Fault/Fault State/Repair Interval

| ong Time Fault/Fault State/Repair Interval
Thrust Lever Angle

Time Limited Dispatch

Time Weighted Average (see Section 7)
failure rate (failures per million hours)
repair rate, given on a per hour basis
equals

approximately equal to

MEL)
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= defined as

> greater than or equal to

< less than or equal to

P probability

T time

t time

3. APPLICABILITY

The applicability of the
regulations and the ap
The approaches conta
aircraft certified under|
coordinated with the ap

An objective is to exte
EASA CS-23, 25, 27, 2

This approach may alsq

4. HISTORICAL PER

The concept of time linited dispatch (TLD) originated during the development and certification o

on the turbine (jet) eng
to turbine engine contrd

5. HISTORY OF INTH
Improved dispatchabilit

of the Boeing 767 airp
control system faults, v

their influence on contrlol system-integrity. This analysis would determine the length of time a f.

allowed to exist - after
Seattle's Northwest Mo
which certifies the Pra

se guidelines is primarily intended for FADEC equipped engines, certify
lication of those engines to aircraft certifying under 14 CFR Part 23, 25,
ned herein have been accepted in previous FADEC system approvals f
14 CFR Part 25 regulations. The continued acceptability” of these

propriate certification agency during any new certification effort.

nd the applicability of the techniques discussed herein’to certification of
D and CS - E.

be applied to other than FADEC systems.
BPECTIVE
nes of the Boeing 767 airplane, A-brief discussion of some of the early ap
Is is given in Appendix A.
GRITY GUIDELINES

for the FADEC engine control systems was a major objective during the d
hich would include all electrical/ electronic and hydromechanical/mechan
which_repair would be required - to achieve a given level of integrity.

Lintain (ANM) Region FAA office, which certified the 767 aircraft; New Engl
t & \Whitney and General Electric engines; Britain's Civil Aviation Autho

ng to 14 CFR Part 33
P7, and 29 regulations.
Dr engines installed on
bpproaches should be

FADEC systems under

FADEC systems used
plications of electronics

lesign and development

ane. The approach pursued was to have the engine manufacturers copduct an analysis of all

cal faults, to determine
hult (or faults) could be
Early discussions with
hnd's (ANE) FAA office,
ity (CAA) office, which

certifies Rolls-Royce en

qgines: and all engine manufacturers ensued. Representatives from the F

field operations office

(Part 121) attended the above meetings also. Although not directly involved in certification matters, the FAA Part 121
group approves airline maintenance and operations policies and procedures, and their concurrence with the proposed

approach was needed.

The discussions defined an LOTC event and established some significant integrity requirements for FADEC systems.
(These integrity requirements are contained in the recently issued revision to, FAA Engine and Propeller Directorate
policy letter, see Appendix B.) For engines intended for Part 25 applications, the LOTC definition and the integrity

requirements are as foll
a.

1.

normal throttle movement.

ows:

An LOTC event is defined to be one wherein:

the engine cannot be modulated between idle and 90% of maximum rated power (at any flight condition) via
(Failures that cause the engine to operate at a slightly higher than intended idle

thrust or power are generally not considered. They would be if they resulted in the flight crew’s having to
shutdown the engine to descend and/or land.)
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level” needs

the engine cannot meet the operability requirements of Part 33, or

He

to be established in coordination with the installer. Lacking this installe

engine thrust oscillates in an unacceptable manner. (This definition is provided for guidance only. The level of
unacceptable thrust (or power) oscillations will be dependent on the application.

nce, the “unacceptable
r information, a default

value of +5% [i.e., 10% peak-to-peak] of takeoff thrust is suggested. This level was found to be quite difficult to
handle during the approach and landing flight phase of flight on a typical 2-engine, wing mounted, aircraft.
Higher oscillation values may be tolerable during other phases of flight, but the aircraft still has to successfully
transition through the approach and landing phase of flight. Hence, the +5% of takeoff power is considered to

be a reasona

ble definition for unacceptable thrust oscillation.)

The average integrity of the control system has to be better than or equal to 100,000 hours for faults that result in an

LOTC event. In otherwords the Fleet A\Inrngn LOTC rate of the FADEC system has to b

10*10™ failures pe
the average of all d

The en%;ine contro
100*10™ failures p
configuration at dis

The control system
in redundancy or i
manufacturer ma

less than 7510
(Dispatches in thes
See Appendix D.)

A longer, but still re
greater than the 10

It has been generally a
system configurations 2
each engine's FADEC
dispatch in service. Th
Since this last item in
aircraft certification auth

The initial 10 per million
in the revised advisory

to meet this integrity requiremeént is usually submitted as part of engine certification. This is n

when the applicantis n

I hour. This fleet average is to include all modes of control system operat
spatches, including full-up system dispatches.

system is considered to be NOT dispatchable if the instantaneous LO
er hour. The instantaneous LOTC rate is defined as the calculated LOTC
batch.

should have a more restricted (i.e., short time) dispatch ‘period if it has su
s instantaneous LOTC rate is between 7510 and 100*10™* failures
choose to place other dispatchable failures, whichhave an associated in
events per hour, in this short time dispatch, category as well, as that
e configurations are generally handled via the-aircraft's Master Minimum B

stricted, dispatch interval is allowable\when the instantaneous LOTC rate i
F10™* failures per hour overall target.

pproved for TLD, and (2) approved TLD methods are used to monitor and
system, then the engines may be considered independent of each o
s, the airplane could be dispatched with faults present in more than one e
olves application of TLD to the aircraft, the acceptability of this item is
ority.

hour LOTC rate integrity requirement for engines intended for Part 25 app
circular{AC) for FAR 33.28, AC 33.28-1. An analysis to show that the cor

btCapplying for TLD operations.

o |less than or equal to
on, and by definition, is

[C rate is greater than
rate of a given control

ffered a significant loss
per hour. The engine
stantaneous LOTC rate
vould be conservative.
quipment List (MMEL).

5 less than 75*10°, but

ccepted that if (1) the FADEGC:installations have been shown to comply with FAR 25.903(b) in the

govern maintenance of
ther when determining
ngine's FADEC system.
at the discretion of the

ications is documented
trol system is designed
brmally required - even

Although not a part of the above discussions, a remaining integrity requirement for aircraft certification is to show
compliance with FAR(CS) 25.1309. This FAR relates to Systems and Equipment, and the requirement is that the
probability of having a catastrophic multi- engine thrust loss event due to independent control system causes must be less
than 107 failures on a "per hour of flight basis". In previous certifications, the FAA has agreed that the use of a fleet-wide
average, control system caused LOTC rate is acceptable when showing compliance with this requirement. Using a fleet
wide LOTC rate for engine certification of 10*10 per hour results in compliance with the FAR/CS 25.1309 requirement
for multi-engined aircraft. This is discussed in more detail for a twin-engined aircraft in 8.1. Thus, the integrity
requirements for engine certification are more stringent than those that come from aircraft certification with regard to the
application of FAR 25.1309. (Note that single engined aircraft used in commercial service do not certify under Part 25
regulations; thus, FAR 25.1309 requirements do not apply to single engine aircraft.) For a twin engined aircraft, the
specific risks for dual engine LOTC events, caused by loss of both engines' control systems due to faults, is given in 8.2
for the various dispatch configurations currently allowed in service. The acceptability of all dispatch configurations needs
approval from the aircraft certifying authority as well. Hence, any new aircraft certification application requires
coordination with the appropriate aircraft certifying authority to establish the aircraft level allowable dispatch configurations
and the acceptability of the associated specific risks for limited time periods requested.
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There was no intent to circumvent or establish a more severe requirement for FADEC system integrity during engine
certification under 14 CFR Part 33 than would come from the aircraft certification under 14 CFR Part 25, FAR 25.1309,
when the integrity requirements for FADEC systems were being established. The intent was merely to require that
FADEC system integrity be equivalent to the established reliability of the then current hydromechanical engine control
systems. For aircraft certifying under 14 CFR Part 25, FAR 25.901(b)(2) requires the engine control to be reliable
between "normal inspections and overhauls". The above engine control system integrity requirements were considered to
meet this requirement as well as the fail safe requirements of FAR 25.901(c) and 25.1309(b). For Part 25 applications,
TLD is a useful tool for assuring that appropriate instructions for continued airworthiness are provided, as required by
FAR 25.1529.

It is interesting to note that since the issue of the original ARP 5107 in June of 1997, there have been significant changes
(ETOPS)

in engine-run rel|ab|I|ty as a result of Extended -range Twm -engined OPerationS
activity on ETOPS req tems, have to show an
IFSD rate of 0.02 per 1p00 hours to be aIIowed ETOPS operations with dlverS|ons of 3 hours ordess, and an IFSD rate of
less than 0.01 per 1000 hours for ETOPS operations with diversions of more than 247 minuteg. Because of this, the
allowance (by the endine manufacturer) for engine control system caused IFSDs has"continbed to be dramatically
reduced. This reductioh has not been the result of more restrictive FAA regulations with-tespect tp engine control system
caused IFSD’s, but rather, the “pressure of ETOPS” IFSD events. Hence the average overgll FAA LOTC rate for
transport aircraft engines continues to be limited to 10 events per 10° flight hours, although tHe engine manufacturer
would not allow such a[ high rate (for just the control system) in ETOPS operations. Such an allpwance would have too
high an impact on the IFSD rate.

In the newly coordinated

6. GENERAL ANALY$IS APPROACH

The general approach|is to construct a model of the FADEC system which allows the integri

analyzed in its full-up als well as the various fault configurations_considered allowable for dispatch,

those various states of
Section 5 and given in

bperation to achieve the required average integrity. The current integrity re
ppendix B.

In general, the analysis|used to determine compliance.with the requirements can be completed us
provided that the toold and methods used are acceptable to the certifying authority. Hence,
discussions with the appropriate certifying office\concerning the capabilities and limitations of th
commencing the actua| analysis. Examples «©f previous tools used include standard fault tree g
Markov models.

The general rule for faylts relating to a.ILD analysis is; if they affect the LOTC rate, include the

fy of the system to be
and to "time average"
quirements are listed in

ng any analysis tool(s),
it is important to have
e analysis tools before
omputer programs and

in the analysis; if they

mediate affect on the
C rate' of the control be
| FADEC system faults
| be updated in a future
ADEC system’s LOTC

do not affect the LOTC rate, leavé.them out. Obviously, a fault does not have to have an i
operation of the engine to be included in the analysis. It is sufficient that the 'instantaneous LOT
influenced for the fault o be ifcluded in the analysis. A more detailed discussion of some typic3
and whether they should be.ificluded in the LOTC analysis is given in Appendix C. Section 6.4 wi
revision of this ARP tq previde recommendations on elements that should be included in the H
analysis.

This document addresses two types of repair scenarios. The first type is generally termed "on condition" or "time since
fault" repair. In this scenario, the time at which the fault occurs is known, and the fault is repaired within X hours of its
occurrence. The second type addressed in this document is the "scheduled inspection and repair" scenario. In this
scenario, the time of occurrence of the fault is not known, but rather, a periodic inspection for faults is made, and should a
fault be found, it must be repaired at that time or within X hours of the inspection. This document addresses both
scenarios and shows the relationship between the two.

6.1 FADEC System Configuration

A typical (simplified) FADEC system configuration is shown in Figure 1. For simplification purposes, it is assumed
throughout this report that all electrical/electronic elements of the control have redundant elements, that the redundant
elements are identical, and that the control alternates between use of the redundant elements on each engine start. This
last item minimizes the exposure time for the existence of latent faults in the electrical/electronic elements. The above
assumptions need not be the case for the use of these guidelines, but essentially all the equations used herein would
need modification to account for dissimilar redundancy and not alternating electronic element/channel operation.
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6.2 Repair Categories: Immediate, Short, and Long Time

Past certification analyses have chosen to group FADEC system faults into one of three repair categories. The first of
these is the immediate, or "no dispatch" category. As the name implies, faults in this category require repair prior to
dispatch. The second group is a short time repair requirement of usually less than 500 hours. Repair requirements for
these faults are typically handled via the aircraft operator's Minimum Equipment List (MEL). (See Appendix D for further
discussion of this item.) The third is a longer repair interval of 500 hours or more. Faults in the long time repair category
are typically handled via the operator's maintenance program. The specific allocation of faults to the short or long time
category is determined as part of "the conducting" of a TLD analysis. This determination can be influenced by an
operator's maintenance policy.

See Appendix B, the "Policy Letter from ANE FAA Regardmg Time Limited Dispatch (TLD) for FADEC Controlled

Engines", for TLD time }imi "

As indicated earlier, wHen complying with FAR 25.903(b) and showing that engine-to-engine-isold
TLD approved dispatch configurations, it is not necessary to consider combinations of faults inV

when determining aircrgft dispatch. However, if an applicant found that it was either necessary qr

so0, an "airplane level" TLD criteria could be proposed to the aircraft certifying authorities.* If both
manufacturer wish to place limitations on TLD operations, the more restrictive of the\two, on an ite
be used. For example,|if the engine manufacturer indicates in the Instructions for Continued Airw
engine that short time faults must be limited to 150 flight hours and long time faults should be lir
the aircraft manufacturer places the limitation on the aircraft that short time*faults should be limited
long time fault limited tp 750 flight hours, the limitation should be 100 flight hours for short time f
long time faults, as thisis the more restrictive for each of the categories.

It is important to note that these repair categories are applicable to single faults as well as com

example, a mechanica|/hydromechanical fault that may not have caused an LOTC event on the

stability bleed valve failure, where the bleed valve failed open, but did not cause EGT to increass
cause the flight crew to] have to reduce thrust. Although«the condition did not cause an LOTC eve
is a single fault that requires immediate repair. (This assumes that the flight crew notes the effect
and maintenance investigates and discovers thefaulty condition.) An example of a dual ele
normally require immedliate repair is the loss of both channels' (free stream) total temperature S
may not have resulted in a LOTC event onythe last flight either, because the control may ha3
accommodate such a fault.

But it may be considergd a non-dispatchable configuration for the control; and hence, immediate
Immediate repair is required for all.combinations of faults that leave the FADEC system in a d
instantaneous LOTC rate is greater than 100*10™ failures per hour and/or all combinations
FADEC system with logs of funictions that contribute to LOTC.

A similar situation exist$ for'the short and long time repair categorles A single fault, such as loss

tion is maintained in all
olving multiple engines
"advantageous" to do
he airplane and engine
m by item basis, should
brthiness (ICA’s) for the
hited to 500 hours, and
to 100 flight hours and
Aults and 500 hours for

binations of faults. For
last flight might be a
to a level which would
nt on the last flight, this
5 of the failure condition
ctronic fault that would
ensors. This condition
ve been configured to

repair may be required.
onfiguration where the
pf faults that leave the

bf the central processor

in one channel, is a fa 2 generatty pfaced 0 2 00 Hhou Epa

r category because the

system suffers a significant loss of redundancy when such a fault occurs The short time repair category might also be
used to repair a condition caused by a combination of faults. For example, assume that the control experiences two
independent faults, one in either channel, which by themselves might be placed in the long time (i.e., greater than 500
hours) repair category. The FADEC system could be configured so that when the two faults exist together, the repair
requirement is "elevated" to the short time repair interval. This is required if the combination of faults results in a FADEC
configuration where the instantaneous LOTC rate is greater than 75*10™ failures per hour, but less than 100*10°%
failures per hour no-dispatch rate.

If two or more faults do not result in a condition of significance or concern, and by themselves, each would only require
long term repair, then their combination may be left in the long time repair category as well.

Hence, in summary, the immediate (i.e., no dispatch), short time and long time repair categories can be used for single as
well as combinations or multiple faults. The selection of the category is dependent on the condition of the control when
operating with the fault(s).
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As always, discussions with the appropriate authorities should be held to confirm the acceptability of the various dispatch
configurations and their respective operating intervals.

6.3 Classification of FADEC Fault Types

The approach used herein is to take all FADEC system faults, one by one, and determine which repair category is
suitable for that fault, assuming that it is the only fault in the system, and that ultimately the fleet average LOTC rate of
10*10"% failures per hour is achieved with the defined categorization. If the fleet average is not achieved, it will be
necessary to place more restrictive dispatch limits on some of the faults to achieve the required rate.

6.3.1 No Dispatch (ND) Type Faults

- s-sheddd not be confused with
) FADEC system gonfiguration (Figure 1)
lements for all electronic/electrical portions of the system. Because ©f thi§ assumed redundancy,
b known single electronic/electrical elements (from a functional perspective) which if failed, would
r to achieve a dispatchable configuration.

Single faults that requik
combinations of faults
consists of redundant ¢
the configuration has n
require immediate repa

Note, however, that al| single faults have to be assessed against the requirement that the indtantaneous LOTC rate

cannot be greater than
configuration where the
dispatch category. Exf
because the repair inte

100*10"% failures per hour when dispatching with the falilt.”If a single faul leaves the control in a

instantaneous LOTC rate is greater than this upperbound, the fault shodld be placed in the no-
osure to these faults over a single flight are genérally not included in| the reliability analysis
val is so frequent, there is essentially no effect on.the estimated LOTC ratd.

Since the hydromechafical/mechanical elements of the system aré\assumed to be non-redundaht, all ND type faults in
the FADEC system digcussed herein are in the hydromechanical/mechanical elements. Only|those ND faults which
would lead to an LOT|C event should be included in the .apalysis. If some fault redundancy|is provided within the
mechanical/ hydromechanical elements, these can be treated as additional ST or LT faults provided the detectability and
residual system reliabilfty are adequate. The engine manufacturer(s) may elect to place single element items in the ND
category that do not lead to an LOTC event. Examples-of this might be an air-oil-cooler valve, which if failed open might
result in the inability to naintain adequate fire extinguishing capability. Failure of such a valve woyld not generally lead to
an in- flight LOTC event; therefore, these type ND-faults should not be included in the TLD analysis.

6.3.2 Short Time (ST) Type Faults

9

g

Faults placed in the
requirements of Section
instantaneous LOTC rg
category. In addition,
single channel operatio

hort time repair-category (e.g., less than 500 hours) are termed ST
5, single faulis which leave the control in an acceptable dispatch configurgtion, but one where the
te is between 7510 failures per hour and 100*10™ failures per hour should be placed in this
FAA approved TLD operations to date have all single faults which leave the control in essentially
n, such’as loss of one channel's CPU or power supply, placed in the ST fategory - even though
the LOTC rate of the [rémaining channel may be less than 75*10%. Again, it is assumed tHat there are no single
electrical/electronic faultS which Teave the control In a configuration where ihe instantaneous LOTC rate is greater than
100*10® failures per hour. If this were the case, those faults would have to be placed in the ND category. There are
many applications where faults that could be placed in the Long time category (discussed below) are placed in the Short
Time category. Obviously, this is always acceptable.

ype faults. From the

6.3.3 Long Time (LT) Type Faults

Single faults placed in the long time (e.g., longer than 500 hours) repair category are termed LT type faults. Based on the
requirements given in Section 5, LT faults must not leave the FADEC system in a configuration where the instantaneous
LOTC rate is greater than 75*10™ failures per hour. Examples of these faults might be loss of a sensor or any other input
or feedback signal for which there is redundancy (or adequate fault accommodation in the case where redundancy is not
provided for all electronic elements) - and a suitably low LOTC rate is maintained.
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6.3.4 Combinations of Faults and Uncovered (UC) Faults

Figure 2 shows a very simplified FADEC system fault configuration diagram which is used for the LOTC analysis. Figure
3 shows Figure 2 expanded into a flow diagram leading to the LOTC state. "Uncovered faults" have been added to these
diagrams. Uncovered faults are faults in the electronic portions of each control channel for which no means of detection
or accommodation has been provided. Since these faults are unaccommodated, it is assumed that they would lead to
LOTC events. Typical uncovered fault rates are between 0 and 5% of the total of both channels (electronic) failure rates.
The analysis should provide substantiation for the value used. (It is noted that undetected faults which result in an LOTC
event do not remain "undetected" for long. Some prefer classifying these as simply "uncovered" faults).

Full-Up Electrical/
Dispatch Electronic Faults

Electrical/ \
Electronic Faults

Short Time Faults:
/ Single Element » Significant Redundancy lLoss, or

Hydromechanica| * 75*10-06 < LOTC rate < 100*10-06, or
Long Time Faulfs: or * Manufacturer wants morg rapid
LOTC rate < 75*10 Uncovered Electrical/ repair of this fault condition whose

Electronic Faults failure rate is less than 75*10-06
Subsequent Fadlts

Subsequent Faults

No Dispatch Faults:

FADEC is not dispatchable.or' cannot operate
engine properly, or

LOTC rate > 100*10°%

FIGURE 2 - SIMPLIFIED FADEC SYSTEM FAULT DIAGRAM

Figure 3 is not intending to imply thattall"combinations of ST and LT faults in both channels lead to LOTC events. The
analysis has to look at ¢ach combination and determine whether they are truly independent and together would lead to an
LOTC event. This is the cornerstone of any reliability analysis. The usage of the TLD approach|is dependent upon the
knowledge that the sygtem has-been thoroughly and accurately analyzed for operation with single and combinations of
faults - at least to the spcondifault level. The third fault level does not have to be analyzed if the Japplicant elects to take
the conservative positignithat all third faults lead to an LOTC event. The analysis will yield the conservative result that the
repair intervals will be soonrer-thanthosethat-wottdthavebeernobtainedhad-third-fatttsbeen—a aIyzed. Analyzing the
combinations of faults is the difficult and tedious part of the analysis, and although these guidelines do not discuss this
task, this is where much of the work is. It should be noted if the analysis is only completed to the second fault level, there
will be occasions in service when the FADEC systems are actually dispatched and operated with more than two faults
present. However, the likelihood of three or more independent faults occurring within the short or long term repair interval
- and still having the control function with no discernible effect - is quite small; and therefore, the impact on the fleet
average is expected to be negligible. A TLD analysis should include some analysis and documentation to substantiate
this assertion.
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SINGLE HYDRO-
MECHANICAL
FAULTS

UNCOVERED
ELECTRONIC
FAULTS

CHANNEL A \ 4

ST OR LT LOTC
ECECTRONICT EVENT
FAULTS

CHANNEL B

STOR LT
ELECTRONIC
FAULTS

)

vy

AND

FIGURE 3} SIMPLIFIED FLOW DIAGRAM FOR FADEC SYSTEM FAULTS LEADING TO LOTC
6.3.5 Aircraft Relateq Information

A discussion of the aircraft's MMEL, operator's MEL, dispatch deviation guide (DDG), and maiptenance review board
(MRB) report; how NP, ST, and LT type faults relate te those documents; how LT faults [became a certification
maintenance requiremgnt (CMR); and some options for*hiandling LT faults to remove them from thhe CMR classification is
presented in Appendix P.

6.4 Recommendations on Items Considered Part'of the FADEC System

The question “What elgments of the systemyare to be included?” is frequently raised relative to LDTC analysis and Time
Limited Dispatch. This|section addresses that question. The functions of the system, the elements selected for use in the
system, and the design|implementation all depend on the overall system architecture. In addition, jntegration between the
engine and the aircraft fontrol systéms is constantly changing. All of these factors impact the selgction of the elements to
include as part of the FADEC system. Therefore, the information included in this section does mot provide an absolute
answer, but is intended| to proyide a methodology to use in selecting which elements of the aircraft/engine control system
should be included in tHe analysis.

In general the analysis used to predict the frequency of an LOTC should include all elements in the thrust or power control
system that can contribute to an LOTC event. It is the overall LOTC rate for a given engine and aircraft that is relevant to
obtaining and maintaining TLD in service.

Since TLD is a benefit to engine manufacturer customers, the engine manufacturer has a vested interest in obtaining TLD
for the installed engine control system. Including the required aircraft elements in the analysis allows the engine
certification authority visibility of total LOTC rates. Therefore, the engine manufacturers must include the relevant aircraft
supplied control elements as part of the engine control system when seeking approval of TLD operations. The engine
manufacturer may provide the airframe information by obtaining it from the airframer or by using data from the engine
manufacturer’s applicable prior history. The overall installed engine LOTC rates will also be reviewed and used by the
aircraft certification agency in approving TLD operations for the aircraft.

Note that the LOTC analysis and reporting does not include the details, analysis and corrective actions associated with
basic engine events. And the engine manufacturer is not expected to (1) substantiate any airframer predictions, (2)
explain the details of aircraft element failures which contribute to LOTC events, or (3) monitor and manage any resulting
changes to the aircraft systems. Hence, the engine manufacturer may not be in a position to provide detailed information
on any aircraft element failures which could lead/contribute to LOTC events, even though those aircraft elements are
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considered part of the engine control system. However, it is anticipated that when LOTC events occur, the engine
manufacturer will be made aware of them. If those events are caused by aircraft elements which are part of the engine
control system, the engine manufacturer is expected to coordinate with the aircraft manufacturer to determine whether
corrective actions are needed - so that the engine control system can continue to meet its Continued Airworthiness

requirements.

In general the following guidelines apply when selecting the elements to include in the LOTC analysis:

The LOTC event is related to an engine control failure or malfunction. The engine control system failure may involve

aircraft supplied element failures or malfunctions. In some cases the failure may result in flight crew action to reduce

power or thrust, or i

or induced IFSDs a
If a component is p
be included in the
If a component is
candidate for contri

control system, it i
included in the eng
The FAA TLD poli
Policy Letter given
Components to be
If an element can ¢
down the engine or|

Figure 3.1 attempts to i
be included in the TLD

All
LO
Ev

If a component is part of the basic engine mechanical system, but not part of theméchanic

nitiate an engine shutdown.

nd fail fixed

rotor speed, thrust or fixed fuel flow conditions are forms of LO

OTC analysis.
ot directly part of the engine control system but has an electrical intetfa
buting to an LOTC event and should be considered for inclusion in‘the anal

5 usually not a candidate for an engine control system related LOTC e\
ne control system LOTC analysis.

y allows exclusion of the fuel pump from being includéd as part of the e
n Appendix B).

ncluded are not limited to the redundant electricalparts of the control syste

reducing thrust or power, the element shouldbe included in the LOTC ana

lustrate the concept of selecting the events and causes of the events, and
Bnalysis.

All IFSD

All In-Flight Shut Downs (IFSDs) are a subset of LOTC events (see Figure 3.1), and all engine control system caused
TC.

) LOTC event, it should
e with the EEC, it is a
ysis.

bl portion of the engine
ent, and therefore, not
ngine control (see ANE

m.

ause an erroneous value to be displayed in the cockpit and the crew might respond by shutting

ysis.

hence, the elements to

)

L
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Entire Set of Control
System Items and
Functions
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FIGURE 3.1 - ILLUSTRATIONS OF ALL LOTC EVENTS, ALL IFSD EVENTS, AND ENGINE

CONTROL SYSTEM ELEMENTS INVOLVED IN A TLD ANALYSIS
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Represents

> @

failures.

All LOTC events not associated with IFSD or engine control system

All IFSD events not caused by control system failures.

control system faults

LOTC events not associated with IFSD and resulting from TLD related

IFSD events resulting from TLD related control system faults

m|O O|m

Control system items not effecting LOTC/IFSD events

Figure 3.1 provides an illustration of the interaction of TLD, LOTC, and IFSD events.

The envelope shown a
some, but not all IFSL
envelope are shown ag
and “B.

As discussed in 6.3, th
These items have to be
in the TLD analysis” to
represented by area “E

Table 1 illustrates how
associated with the ele
The table also shows th

i
P )

D events. The subset of those events applicable to TLD that overlap
areas “C”and “D”. Those LOTC and IFSD events not applicable to(TLD

ere are many functions in an EEC system that have no effect on the LC
given consideration as candidates when completing the task of “considerir
document the fact that they have no impact on the conirol system’s LOT(
in Figure 3.1.

ment, and then evaluate if it is or is not part of;the TLD restriction envelopd
e most likely result of a failure of the element by identifying the applicable &

t all LOTC events and
e TLD considerations
bre shown as areas “A’”

TC rate of the control.
g what items should be
L rate. These items are

to consider all elements of the thrust or power control system, the funcfjons and failure modes

depicted in Figure 3.1.
rea of Figure 3.1.
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TABLE 1 - TYPICAL CATEGORIZATION OF FADEC SYSTEM ELEMENTS

Engine Electrical Control System

Figure 3.1 Included

Item To Be Included Failure Area | Yes/No/If
EEC Primary engine control providing power CorD Yes

setting, fuel flow setting and splitting, engine

operability control, and engine limit protection

functions.

Auto or continuous ignition may need to be C,DorE

included. If
Engine Condgitient Yes—fmpactontOFGrate GB-orE If
Health Monitoring No, if no impact on LOTC rate (inspection is

presumed to provide adequate analysis.)
Other electrpnic Yes, if it has impact on LOTC rate. (if not, C,DorE If
boxes area “E”)

Yes, if it includes processing of signals listed |-G, D or E

elsewhere that affect LOTC rate. (Area “E”4f

no affect on LOTC rate)

Yes, if it includes processing of fault CorD

detection and reporting data related to TLD.
Ambient temperature | Yes, for FADEC dedicated sensors. (Unless | C Yes
and pressure sensors | the system is configured to use the aircraft (possible D)

sensors as primary or onlyQ)
Engine operpting Yes, sensors that may contribute to LOTC. C If
parameter sgnsors
(pressure, No, sensors used only for monitoring; e.g.
temperature} speed) | engine performance monitoring or secondary | E

systems.
Electrical caples, Yes, but ohly for cables that carry a signal C If
including airframe applicablerto LOTC / IFSD
cables as
appropriate.
Igniters, Ignition No, N/A . No
exciter and
associated gables
Dedicated E[EC Yes, includes the electrical generation CorD Yes
alternator portion of the alternator and any drive

shatfts/couplings/bearings within the

alternator.
Alternator Drive No AorB No
Assembly (But not
part of alternator)
Cockpit throttle Yes, for electrical throttle position sensor and | C or D Yes
position elements aircraft electrical cables connecting the

sensor to the EEC

No, for mechanical parts of throttle system AorB
Aircraft data bus Yes, if it can contribute to engine control C If
inputs to EEC system caused LOTC.
Rating, configuration, | Yes, if it can contribute to LOTC rate C Yes

and thrust trim

definition

(connectors/boxes)
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Engine Electrical Control System

Figure 3.1 Included

Item To Be Included Failure Area | Yes/No/If
Engine fault detection | Yes, if effect on LOTC Rate and control C,DorE If
sensors, conditioners | system operation / maintenance. Area “E” if
and computers (E.g. no effect on LOTC rate.
Overspeed limiters)
Engine transient Yes, If caused by failure within the control C If
performance system.

No, If caused by engine damage or A

deterioration preventing it from operating with

correctly implemented control limits
Engine trangient-due—No-f-events-caused-by-engine-damage-due IF
to lightning gtrike to direct effects or engine surges due to

pressure/thermal inlet effects. AorB

Yes, if control system upsets caused by EMI,

HIRF or the indirect effects of lightning. This

is true during all dispatchable configurations.

Control related events must be reported
Inappropriatg pilot No B No
commanded
shutdown
Aircraft auto|throttle No A No
or auto thrugt system
Fuel System

Figure 3.1 ncluded

Item Comments Failure Zone | [Yes / No/ If
Mechanical Fuel No, Excluded per FAA policy. Considered AorB No
Pump part of basic epgibe.
Accessory Gearbox No, Engine mechanical systems are not AorB No
elements aspociated | considered\to be part of the control system
with Fuel PUmp or
Metering Unjt drive
Fuel Filter condition Yes,\If fault results in restriction on power C f
sensors setting or time at power
Flow Meter Xes, if active part of fuel control CorD f
Fuel Meterirlg Unit Yes CorD Yes
Active Fuel Flow: Yes, Assumes fault results in restriction on CorD Yes
Divider Valvgs power setting or time at power. Active refers

to any valves that are controlled by the

FADEC to divide or stage flow to the burner
Combustor Flow Yes, Assumes fault results in restriction on CorD Yes
Control power setting or time at power
Other fuel actuated Yes, if unit associated with the control of any | C or D If
control units function listed elsewhere as applicable
Fuel Nozzles and No, Considered part of basic engine. AorB No
fuel lines
Fuel temperature or | Yes, if the fault results in restriction on power | C If
pressure sensors setting or time at power
Fuel lines, manifolds, | No, Considered part of basic engine. Fixed AorB No

etc

position flow distribution or pressure
modification devices within the manifolds are
included in the same category as fuel lines
and manifolds.
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Variable Geometry And Bleed Systems

ltem Comments Figure 3.1 Included
Failure Zone | Yes / No/ If
Compressor Variable | Yes, Assumes fault can impact engine CorD Yes
Stator Vane performance to cause a LOTC. Actuator
Actuators and means the device that receives the air or fuel
position sensors muscle to position the loop.
Variable (Bleed) Yes, Assumes fault can impact engine CorD Yes
performance to cause a LOTC. Actuator
actuators and the device that receives the air or fuel
position sensors means the device u
muscle to position the loop.
Variable Stator Vane | No, Defined as all mechanism(s) connecting | AorB No
and Bleed Agtuation—the controlastuatormechanicaloutputiothe
System Unidon variable position air flow device
Rings, links,|clevis,
vane bearings, etc.
Air bleed valves Yes, Assumes fault results in reduction in C Yes
(transient or|start) power or a restriction on power setting or
time at power
Engine Oil/Lubrication System
Figure 3.1 ncluded
Item Comments Failure Zone | [Yes / No/ If
Qil Tanks ar|d lines No B No
Mechanical Dil No B No
Pumps
Electronic Dgbris No, Assumes there is no-¢ontrol initiated N/A or E No
sensors and input to power setting
conditioners
Filter conditipn No, Assumes there is no control initiated A, BorE No
sSensors input to power ‘setting
TemperaturI and Yes, if there.is control-initiated input to CorD f
pressure semsors power Setting or if a control system fault
leads.to erroneous indication which the
Engine Operating Instructions would require
the pilot to reduce power.
Aircraft Interfaces
ltem Comments Fig_ure 3.1 Included
Failure Zone) | Yes/ No/ If
Vibrations sensors No, Assumes there is no control initiated A No
and conditioners input to power setting.
Yes, if a control system fault leads to CorD Yes
erroneous indication which the Engine
Operating Instructions would require the pilot
to reduce power.
Engine performance / | No A No
health monitoring
sensors wired direct
to cockpit
Aircraft Power Yes, if the failure of aircraft power can affect | Cor D If

LOTC rate
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Propulsion System & Installation

ltem Comments Fig_ure 3.1 Included
Failure Zone | Yes/No/ If
Basic engine turbo- | No AorB No
machinery
Engine Operability No, Includes thrust loss due to engine AorB No
or Performance deterioration, surge, and reduction of power
required to stay within limits
Thrust Reverser Yes, if a failure of a thrust reverser position C If
position sensors sensor can result in a change in thrust
setting; e.g. selection of idle thrust.
Thrust reverser No, if fault results in inability to deploy or N/A No
actuation & control stow the reverser but does not restrict
systems engire-power-setting-
Yes, if it does restrict engine power. C f
Engine antificing Yes, if these elements are used within the C f
sensors, coptrollers, | engine control system for automatic engine
& control vajves internal anti-icing
Propulsion $ystem & Installation
Figure 3.1 ncluded
Item Comments Failure Zone | fes/ No/ If
Sensors, caples, or | No A No
signal procgssing
elements for aircraft
electric or hydraulic
power
Cockpit display Yes if erroneous display can lead to flight CorD f
signals crew initiated thrust reduction or IFSD; e.g.
incorrect rotor spegd-or EGT displayed.
No, if only informational; (e.g. fuel flow)
E
Cockpit Display No, cockpitidisplay systems are not AorB No
Systems considered part of the engine control
system.
Aircraft Blegd No A No
Extraction
Engine Configuration
Iltem Comments qu.ure 3.1 Included
Failure Zone | Yes/No/ If
Brackets/clamps N/A No
mounting bolts, No.
seals, etc
associated with
elements listed as
applicable.
Thermal shields and | No AorB No
insulation blankets
Pneumatic lines to Yes, If fault detection and accommodations | C or D Yes

Sensors

can result in an LOTC.
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Items Unique to General Aviation Applications or Rotorcraft
ltem Comments Fig_ure 3.1 Included
Failure Zone | Yes/No/ If
Collective Yes, for electrical compensation sensor and | C Yes
Compensation Input | associated electrical cables.
No, for mechanical parts of the N/A No
compensation system.
FADEC Back up Yes CorD Yes
battery
Torque Sensor Yes, if the system has torque control or C If
limiting
Turbine Yes, if system has temperature limiting or C If
temperaturs OEHimiting—or-pietreducespowerduete
sensing sysfem false (high) indication.

6.5

After TLD approval is o
of the field experience

field action, component

for all LOTCs that occu

Only actual LOTC evepts shall be counted for reporting relative to-the allowable event numbe
policy. See Appendix B, Sections 12 and 13 for additional discussion.
identified by system fqult detection.

failures had occurred a
none is reported again
should be reviewed to
may not have caused

considerably greater than the one used in the TLD-analysis, corrective action should be conside

may involve a greater

concern, or redesign arld replacement of the_parts involved to achieve the desired design reliability

7. CALCULATION APPROACHES: SINGLE ENGINE ANALYSIS

7.1 A Simple Time-A

Note that the terminol
because any given eng

intended for use in a Igrgé fleet of engines where all possible single faults will occur at or close

Recommendations on In-Service LOTC Reporting

ptained and field experience is achieved the FAA policy (Reference Append

fo provide continuing validation of the TLD analysis, identification of emer
redesign, etc. As part of this reporting process, the<engine manufacturer
on an installation, including any that are caused by aircraft systems.

Some failures occur wit
Corrective action is taken, before an LOTC event has ocG
I a different engine operating conditionyZan LOTC may have occurred. Sin
st the allowable number of events criteria. However, the TLD analysis re
an LOTC event, if the failure-rate for the in-service faults and their effe

restriction on the time allewed for operating with faults that contribute

eraging Appreach

bgy “fleet” average" is used synonymously with "time-weighted averag
ne tmay have more or less ST and/or LT faults than the expected number,

ix B) requires reporting
hing trends that require
should collect the data

's provided in the FAA
hout an LOTC that are
curred. If those same
ce there was no LOTC,
lated to these failures

determine if appropriate failure rates for the failures was used in the apalysis. Even though it

ct on the LOTC rate is
red. Corrective actions
to the failure mode of
for those components.

£". This is appropriate
put these guidelines are
fo their expected rates,

and if all faults are allowed to remain in the system for the maximum approved number of hours before repair is
accomplished, the LOTC rate of the control will approach the expected value. It is recognized that in practice, many faults
are repaired sooner than the maximum allowed time, and therefore, the fleet averaged LOTC rate may be quite a bit lower
than the expected value.

A simple "time-weighted-averaged (TWA) LOTC rate" is one wherein the LOTC rate is determined as the sum of (1) the
hydromechanical/mechanical failures, (2) the uncovered faults, and (3) a time-weighted-average value of the FADEC
system’s dual channel, electrical/electronic failures. The failures and failure rates leading to an LOTC event are shown

graphically in Figure 4,

below.
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A
HMY FULL-UP
AFU-LOTC All Single A
: STT
Auc Short Time |
AST-LOTC-AVE Faults

Singte

Elgctrical/

Eldctronic &

Unlcovered ALT-LOTC-AVE All Single A

Faflures Long:fime LTT
Faults

\i \i
> LOTC
FIGURE|4 - A GRAPHICAL REPRESENTATIONS OF THE FAILURE PATHS OF A|SIMPLE

The TWA failure rate f
uncovered electrical/elq
operating configuration
simple FADEC system

AMoTc-avE = Anm+uc + Ag

where: 7\-HM+UC = 7\'HMC

s given as:

U-LOTC * Fract(FU)

e

+ Ast.Lotcave © Fract(ST)
+ Ameore-ave * Fract (LT)

FADEC SYSTEM-THAT LEAD TO LOTC

pbr the dual channel electronic failures is determined as the sum of singl
ctronic failures that lead directly to an LOTC event plus the percentages
multiplied by the average LOTC rate of that configuration. Hence, the fleg

e hydromechanical and
bf time spent in a given
t TWA LOTC rate for a

(Eq. 1)

Anmc represents the sum of the rates of all single mechanical/ hydromechanical faults which lead to LOTC events.

Auc represents the sum of the rates of all undetected/uncovered electrical/electronic faults assumed to lead to LOTC

events.

Aru-LoTc is the (average) failure rate from the full-up configuration to the LOTC state caused by failures in the redundant
portions of the electronic control system, in one flight. (Single electrical/electronic failures that lead to an LOTC event are
contained in Ayc, which is described below.)

AsT.LoTc.AvE IS the average failure rate of the system due to a second electrical/electronic fault when operating in an ST
fault dispatch configuration.

AT.LoTc.ave 1S the average failure rate of the system due to a second electrical/electronic fault when operating in an LT
fault dispatch confirguration.
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The uncovered fault rate, Ayc, is generally expressed as:
Auc = X*{ZA of both channel electrical/electronic faults (Eq. 2)

associated with LOTC critical elements)}

where:

The "X\ of all electrical/electronic hardware associated with LOTC critical elements" can be approximated by (Agtt +
ALTT), Where Astr is defined as the sum of the failure rates of all ST type faults in both channels, and A t7 is defined as
the sum of the failure rates of all LT type faults in both channels. Hence,

7\‘3TT = Z(XST(i))! the sum

of the failure rates of all ST faults in both channels

(Eq. 3a)

where A

Aurr = 2(ALr(py), the sum
where A

And, "X" is a number g4

(It should be noted that
actual practice, it isn't.
critical elements, on ar
Equation 2 tends to in
Equation 2 is merely a
between 0 and 5% of th

Equation 2 is quite cor
event - in any given fli
degrees of system resg

1) represents the failure rate 1or a particular S1 fault.

of the failure rates of all LT faults in both channels
() represents the failure rate for a particular LT fault.

nerally between 0 and 0.05.

The uncovered fault rate is usually determined by summing the uncovereq

element-by-element basis - such as the power:supply, the CPU, senso
ply that the uncovered fault rate of each element is between 0 and 5%
simplification indicating that a channel's overalbuncovered fault rate will "gg
e channel's total LOTC rate.)

servative because it assumes that ah-Uncovered fault in either channel
pht. In practice, many different system architecture's are possible, each
urces and each with its own unique level of system coverage. For these s

be modified to provide
addressed is an activ

(Eq. 3b)

although Equation 2 might imply that the uncovered faultrate is assessed at the "channel" level, in

fault rates of all LOTC
s, A/ID converters, etc.
This is not intended.
nerally" be somewhere

vould lead to an LOTC
of which utilize varying
ystems, Equation 2 can

a more accurate representation of the architecture. For example, assume
-standby system, which (isycurrently representative of many of the curl

that the system being
nt designs. In these

systems, the controllind channel provides all of the required resources when operating in a full-up ¢ondition. Furthermore,
the alternating channell scheme (i.e., the process of alternating control channels on each enging start), provides nearly
100% coverage of undgtected faults in the_standby channel at the next engine start. Hence, an|undetected fault in the
standby channel in a given flight would net cause an LOTC event unless the operating channel has a fault (in that flight)
which requires the sygtem to "switch®™ channels. The likelihood of this is relatively small for most channel switching
schemes. Hence, for these system configurations, the value of Ayc may be reduced by apprgximately one half (1/2)
because the vast majorjty of uncevered faults that lead to an LOTC event are only those in the active channel.

In any case, knowledgg ©of the system configuration and its operating characteristics should be yised when determining
the value of the uncovetedfadit—multiplier-

Continuing with Equation 1:

Fract(FU) is the fraction of time spent in the full-up state,

Fract(ST) is the fraction of time spent in the short time dispatch state,
Fract(LT) is the fraction of time spent in the long time dispatch state.

The following discussion uses the nomenclature “T” to represent repair times. This T repair time is the same time period
that the system is allowed to operate with a given fault before repair is required.

Assume a block of time of a million hours. During the million-hour block of time, the system is in the full-up state for
Fract(FU)*1O6 hours, the system fails from the full-up state to the ST state at a rate of Astt per hour, and for each of those
failures it remains in the ST state for Tst.repar hours. Therefore, the fraction of the million hours spent in the ST state is
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FraCt(ST) = FraCt(FU)*( 7\«STT * TST-REPAIR ) (Eq 4a)
And likewise, the fraction of time spent in the LT state is
Fract(LT) = Fract(FU)*( Airr * Tirrepar ) (Eg. 4b)
Combining these equations with the conservation requirement that
Fract(FU) + Fract(ST) + Fract(LT) =1 (Eq. 5)
leads to the fractions:
1
Fract(FU) = (Eq. 6a)
1+ Astr * Thrrerar + ALt ™ Tir-reraR
7\STT * TST—REPAIR
Fract(ST) = (Eq. 6b)
1+ Astr * Thrrepar + ALt ™ Tir-REPAR
Mt ¥ TLr-REPAR
Fract(LT) = (Eq. 6¢€)

1+ Astt* T

As discussed in 7.1.4 a

result as compared with the fractional coefficients as defined:in' the original release of this ARR.

fractional coefficients d
portion of time spent in
because the Fract(ST)
the full-up state for the
full-up state for Fract(F

7.1.1  LOTC Rate for
For small AT's, the LOT]

Aru-tote < [(Astr + ALrr)

where:

5T-REPAIR T 7\4LTT * TLT-REPAIR

nd 7.1.5, and shown in Figure 5, the use of\these fractional coefficients prg
bfined by Equations 6 of this revised\ARP adjust in a more balanced man
the various states. The definitions\of the fractional coefficients in the orig
and Fract(LT) fractional coefficient terms, as developed in original ARP, 3
full million hour block of time(sIn this revised ARP, it is recognized that t
J)*10° hours.

Full-up Electronics

C rate for the full-up electrical/electronics portions of the control at dispatch

2" T

vides a much improved
P. This is because the
her to reflect the actual
nal ARP did not do this
ssume the control is in
ne control is only in the

is approximated as:

(Eq. 7)

7\‘STT and 7\4_1’1’ are d

TrL represents the |

1imnea above ald,

ength of a flight (in hours).

This full-up channel failure rate is a very conservative estimate because it assumes that all channel faults (both short time
and long time) result in loss of that channel. Although this is far from accurate, it surely provides an upper bound. The

calculated value of Agy,orc is usually quite small, as it should be.

This is because it takes two independent,

electrical/electronic failures, one in each channel, to have an LOTC event occur in one flight from the full-up configuration.
The small value of Ary.orc serves to show that the redundant electronic portions of the control have little affect on the
LOTC rate of the control system when operating in the full-up configuration.
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7.1.2 Average LOTC Rate for Short Time (ST) Faults

The certifying authorities have indicated that all faults which deplete a significant portion of the control system's capability
should be repaired in a short period of time. Hence, sum the failure rates of the power supply and processor unit
elements of both channels, along with any other items that are deemed necessary of requiring short term maintenance,
and set the repair interval for these elements equal to (or slightly greater than) the maximum MEL dispatch deviation time
allowed in the application.

An average LOTC rate for operation with one of these faults is useful. Grouping the above faults together as ST repair

faults, the "average" LOTC rate with a short time (ST) fault is defined as follows:

2(Asti) ™ Ast-LoTCq)

AsT.LOTC-AVE =

2(A

where:

Ast) is the failure rate for a given ST fault, and Ast_Lorc) is the failure rate to the LOTC state y

particular Asrg fault
hydromechanical a

7.1.3 Average LOTC

Excepting the "no dispatch" and "short time" faults, group all remaining electrical/electronic faults

channel together and p
useful (for calculation p

2,

ST(i))

. (Include all faults in the 'other' channel that would lead, to’an LOTC even
nd uncovered faults, as they are already accounted.)

Rate for Long Time (LT) Faults

lace them in the long time repair category*As in the above discussion, a
Lirposes) for these long time faults; this istdefined as:

}\fLT(i) * 7\'LT—LOTC(i) )

7\'LT—LOTC-AVE

where:

ALty is the failure ra
that given 7\«LT(i) faul
LOTC event, but ddg

In general, many LT fa
failure, such as one of
the sum of the failure

2(Mry)

t. (Again, includeall faults of the 'other' channel and cross-talk link faults
not include'tHMC or uncovered faults.)

Llts have-only a minor effect on the control. For example, assume that on
two.actuator feedback position signals. The LOTC rate when operating w
rates for (1) the redundant sensor, (2) the other channel's CPU and pow

(Eq. 8)

hen operating with that
, but do not include the

affecting LOTC of one
n average LOTC rate is

(Eq.9)

te to a given LT fault'state, and A r_orc) is the failure rate to the LOTC state when operating with

which would lead to an

b channel has a sensor
ith this signal would be
er supply sources and

circuitry, and (3) the cr

badle lialc lo ok Al & lo 1 o e 4l [ S | 4l &
So~ldIN TITTN DTUWTCTIT WIS twU CUllalliricio ITIToT Al UIT Ullly 1allulco iatl

vould lead to an LOTC

event, because these are the only paths that would cause loss of both actuator feedback signals to the control. (It is
assumed in this example that an actuator feedback position signal is needed to maintain control of the engine. If
controller logic is constructed to re-configure the control laws to work with no actuator position feedback information, this
LT fault could well be deleted from the analysis.)

7.1.4  Calculations of the Average LOTC Rate Using the TWA Approach

Having summed all of the ST and LT faults rates to obtain Astt and A_t1; and determined the average failure rates Asrt. otc.
ave and ALt otc.ave from Equations 8 and 9, the average overall LOTC rate given by Equation 1 can be calculated.
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Using the balanced fractional coefficients given in Equation 6 in Equation 1 yeilds the LOTC rate as:

}\'FU-LOTC + (XSTT*TST-REPAIR)*XST-LOTC-AVE + (}\'LTT*TLT-REPAIR)*XLT-LOTC-AVE
Motcave = Mameuc + (Eq. 11)

* *
{1+ Astr*Tsr-rerar + ALTT*TLT-REPAR }

Using the above TWA equation, which used the balanced fractional coefficients of Equations 6 to estimate the average
LOTC rate of the control system, yields a result which is considerably improved as compared with the fractional
coefficients defined in the original release of this ARP. It is a more balanced approach because the fractional coefficients
are more representative of the amount of time that is spent in each of the three states, i.e., full-up, short time fault (or
dispatch), and long time fault (or dispatch). This is illustrated in the following example.

7.1.5 An Example C

Assume the following d

Mumc = 4.0*10°

AsTr = 30.0*10™®
ATt = 70.0*10°
Astrotcave = 65.0710°
MtLotcave = 50.0%10°

X (the fraction of uncov

Tstrepar = 100 (hou
Tirrerar = To Be Dg
Te = 4.5 (hour|

Substituting the above
average LOTC rate for

AMLoTc-AvE = 6.0*10° +

feutation

bta:

failures/hour)

(failures/hour) (sum of ST electronic faults for both channels)
(failures/hour) (Sum of LT electronic faults for both channels)
(failures/hour) (from second electronic faults only)
(failures/hour) (from second electronic faults only)

bred faults) = 0.02

)

termined to achieve an LOTC rate of 10*10™ (events/hour)

)

data into Equation 11, which uses the balanced Equation 6 fractional coef
an ST repairinterval of 100 hours of:

D

{0.20625 + 0.0035"T 1.repar)*10°

{1.003 + 70.0*10"** T\ 1repar }

icients, yields the TWA

(Eq. 11a)

A plot showing a comparison of the results from this equation, Equation 11a, with those from the equation used in the
original ARP5107 is shown in Figure 5. This plot shows the LOTC rate as a function of the long time repair interval. The
short time repair is fixed at 100 hours. As shown, the results using the balanced fractional coefficients from Equation 6
allow a longer LT fault repair interval to be used before the limit (i.e., target) of 10*10-6 LOTC rate in encountered. This is
because the fractional coefficients contained in this ARP provide a more balanced solution for the times spent in the
various dispatch configurations.
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FIGURE 5 - PLOT OF THE LOTC\RATE FOR THE EXAMPLE DATA GIVEN IN 7.1.5 FOR
BOTH THE ORIGINAL FRACTIONAL COEFFICIENTS (AS GIVEN IN THE ORIGINAL ARP)
WITH [THE IMPROVED FRACTIONAL COEFFICIENTS GIVEN IN THIS REVISED ARP

7.2 Markov Model Ag

The Markov modeling
still needed and used.

proach

MM) approach is somewhat different than the above TWA approach, but

all of the same data is

homenclature is to refer

This document is going
to the models as either

one that has no feedback or simulated repair from the final failed state to the full-up state. And i

to-use a unique nomenclature when referring to Markov models, and that

an open loop model is
n contrast, closed loop

models are those that incorporate a feedback or simulated repair from the fully failed state to the full-up state. Both open
and closed loop models can incorporate simulated repair paths from the various faulty states leading to the fully failed
state, to the full-up state. Examples of both open loop and closed loop models follow.
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7.21

These models can be v

Open Loop Markov Models:

isualized as a waterfall system, as shown in Figure 6, below.

P(FO)

All “water” is

in P(F0) at t= 0, and
noneg remains as t— o .
It all flows continuously
to P{F1)and P(F2),

P{F1)

P(F2)

In this figure, P(FO) rep
first failure state, and H
failed state. This is cal

water from the fully failg¢d state, P(F2), to the full-up state, P(F0). In open loop~tnodels, the initial

usually to have all the

will flow into the first, and then the second failure states. Since there istno simulated repair fro|

P(F2), to the full-up st
infinity. Hence, the prol
could be revised to inc

open loop model becalise there is no repair path from the fullyifailed state to the full-up state.

loop model with repair

A simplified open loop |

Fu
S

FIGURE 6 - OPEN LOOP MARKOV MODEL WATER FALL DIAGRAM
(F2) is the probability of being in the second failed state, which in this s
led an “open loop” model herein, because there is no_simulated repair p
vater in the full-up state, that is, P(FO) = 1.0 at t=0.0,/ As time increases, t
pte, all of the water, or probability, will flow to<the final failed state, P(F!
ability of being in state P(F2) will approach ufity (i.e., 1.0) as time approad
brporate a repair path from the first failed state, P(F1), to the full-up state

aths from initial failure states to the full=Up state follows.

larkov model for a FADEC systenris shown in Figure 7.

Short Time
State

lHM-*-L'C

resents the probability of being in the full-up state, P(F1) represents the probability of being in the

mple model is the final
bth to return any of the
ondition at time zero, is
he water, or probability,
m the fully failed state,
P), as time approaches
hes infinity. The model
but it would still be an
An example of an open

A

HM+UC

PLOTC)

A

LT-LOTC-AVE

A

HM+UC

Long Time
State

FIGURE 7 - OPEN LOOP MARKOV MODEL OF SIMPLE FADEC SYSTEM

WITH REPAIR FOR SHORT AND LONG TIME FAULT STATES
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In this model, P(FU), P(ST), P(LT), and P(LOTC) represent the probabilities of being in the full-up, short term fault, long
term fault, and loss-of-thrust-control (LOTC) states, respectively. In Markov models, the transition rates from one state to
another are simply the failure rates or repair rates between those states. So for example, the failure rate from the full-up
state to the short term fault state is simply the failure rate, Astr. The transition rate from the P(ST) state to the P(FU) state
is the repair rate, usr.

It should be noted here that Markov models of FADEC systems normally do not aggregate all short time and long time
fault states into one short time and one long time fault state. One could do that, but the various short time and long time
fault states (or conditions) are generally shown on a MM diagram (and handled) as separate and independent fault
conditions, and they have their own “bubble”. If one wishes to aggregate all ST and LT fault states into one ST and one
LT state, Equations F7 through F10 in Appendix F show (for single state models) how the Astt, ALTT, AsT-LoTc.ave @and Ayt
LoTc-ave rates would be calculated. It is noted that for large repair rates, ust and p 1, with respect to the failure rates into
and out of the various [STanmdtTfaultstates;the faiture Tates; As7, A, AsTotcave amd AdoTc-ave @approach those
values calculated by Equations 3a and 3b, and Equations 8 and 9.

For the purposes of th¢ initial Markov model discussion presented here, the same notatien of Astr, AT, AsT-LoTC.AVE @Nd
Mr.Lotcave Will be used because it is convenient to show “one” ST state and “one*JLT statd in these initial model
diagrams. As the discussion of Markov models progresses, the actual individual ST.and LT states|will be shown.

It should also be noted that in a Markov model approach, unlike the TWA approach, the singl¢ hydromechanical and
uncovered fault rate nepds to be added to the LOTC rate of each and everyfault state, because those single failures can
take the system to LOT|C from any (and every) fault state.

The W’s represent the repair rates for the states. The repair rate for @ repair interval of T hours is|usually represented as
an exponential transitioh with a rate of 1/T per hour. Hence,

ust = 1/Tst.repair, and

ucr = 1T Lr-ReraR

In open loop MM’s th¢ solution is obtained by(solving a set of first order differential equationps which represent the
probabilities of being in|the various "states". The.time-rate-of-change of a probability state is equdl to the “probability flow
into” that state minus fhe “probability flow-out of” that state. The probability flows into and opt of a given state are
illustrated in Figure 8.

C

i ~n

FIGURE 8 - PROBABILITY FLOW INTO AND OUT OF STATE P,
In this figure, the “i” subscript ranges over all of the states that have failures which cause the control to transition into a
given P; state, and the “k” subscript represents all of the states where a repair returns the system to the given P; state.
Referring to this figure, the probability flow into a state is the sum of the failure rates and repair rates into that state
multiplied by the respective probabilities of the states driving those failure, and the probability flow out of a state is the
sum of the failure rates and repair rates leaving that state multiplied by the probability of the state, itself. Hence, referring
to Figure 8:
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Prob. flow into state P; = X (A * Pj) + X (i« * Py)

Prob. flow out of state P; = (uj+i;)* P,

The time dependent differential equation for the P; state is then, simply:

dPydt = Prob. flow into state - Prob. flow out of state

or,dPydt = {2 (M*Pi)+X (m*Pc)} - {(uj+A;)" P}

Referring to the MM given in Figure 7, the probability flow into the ST state is Astt*Pry, which is the transition rate into that

state (i.e., Astt) multiplied by the probability driving that rate, Py, and the probability flow out of the state is the transition
rates, (Ast.Lotcave + Anfiwuc T Ust), multiplied by the probability of the state itself, Psr.

Hence, the time rate of change equation for the ST state shown in Figure 7 is:

dPst/dt = Ast"Pry - (AstLotc-ave + UsT + Anmsuc) Pst

The first order differentipl equations for the Pgy, P.1, and P or¢ states are:

dPry/dt = pst * Pst + wjr * Por - (Astr + Aot + Aameuc) * Pru

dP+/dt = At * Pru - (MrLoteave + et + Aamsuc) * Pur

dPiotc/dt = Aumeuc * (PRu + Pst + Pit) + Ast.iotcave * Pst + ArLore-ave * Pur

These equations defingl the system.

NOTE: In all .Mark_ov r];odels presented hereir) (and virtually all Markov problability lmodels), one| of the prot_)ability state
equations is redlundant and can be derivedfrom the others. To establish an independent get of equations, always
eliminate one of the equations - it doesn’t'matter which one - and add the conservation eqdiation:

The sum of the probabilities of all of probability states must equal unity.

In this example:

Pry + Pst + P + Prore|= 1.0

Arbitrarily eliminating the first.equation, dPgy/dt, and substituting the conservation yields the set oflequations representing
the MM shown in Figur¢ 7-as:

Pry + Pst + Pir + Prorc = 1.0 (Eq. 12a)
dPst/dt = Astt * Pry - (AsT-LoTC-AVE *+ UsT + Anmsuc) ™ Pst (Eq. 12b)
dP 1/dt = A7 * Pru - (AtLotoave + T + Aumeuc) * Pur (Eq. 12c)
dProtc/dt = Aumeuc * Pru + (AstLotc-ave + Anmeuc ) * Pst (Eq. 12d)

+ (7\'LT-LOTC-AVE + 7\‘HM+UC ) * PLT
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It is interesting to note that in many papers written on the use of Markov models for solving probability problems, there is
no mention of the need to delete one of the equations and substitute the conservation equation to obtain an independent
set of equations. Not doing this is acceptable when using the differential equation approach to compute a solution,
because the initial conditions for the differential equations would contain the information that the sum of the state
probabilities must equal unity, and if the integration algorithm (with time) is accurate, the sum of all state probabilities
should remain close to unity. It is still considered that a more robust approach is to eliminate one of the differential
equations and replace it with the conservation equation. In the discussion of closed loop Markov models given in 7.2.2,
eliminating one of the equations and replacing it with the conversation equation is necessary to achieve a solution.

Using the initial conditions: Pgy = 1.0, and Pst = Pt = PLotc = 0.0, the set of equations is easily solved to determine the

probability states as a function of time.

The overall failure rate

is-then-determined-from-the-definitiop-of-the-hazardra

}\«LOTC (Probablllty

NOTE: Most reference
"probability flov
this document
that distinguish

Using the Probability flg

*
Anmsuc * Pru

of the-systenm—

3 LUTLU

Flow into the PLOTC State)/(1 - PLOTC)

into a state" equals dP/dt, so the hazard rate takes the familiar form (dH
ve consider repairable failure states, so it is necessary to use the strict d¢g
bs between the probability flow into and out of the failure states.

w into the LOTC state, the LOTC rate for this example is:

* *
+ (A'ST—LOTC—AVE + ?\-HM+UC ) l:)ST + (XLT—LOTC—AVE T 7\'HM+UC ) l:)LT

7\4LOTC

When solving Equation
probabilities of the variq
will approach a constar
system, which happens
differ from the true ave
not significantly greater
and illustrated for a sim

Because of these diffig
average failure rate of ¢

The above difficulties a
closed loop Markov mo

(1-Protc)
s 12 and calculating the instantaneous LOTC rate from Equation 13a at

t value. It can be shown thatcthis value asymptotically approaches the sm

to approximate the longcterm failure rate under certain conditions. How
age failure rate of the system by a significant factor, particularly if the repa
than the failure rates.into and out of the ST and LT fault states, respecti
ple 2-unit model in 'greater detail in Appendix H.

system.

5 well as the difficulty of having to solve a set of differential equations is cir
del approach.

7.2.2 Closed Loop M

, which is:

(Eq. 13)

s define the "hazard rate" only for non-repairable failure states, in which case the value of

/dt)/(1-P). However, in
finition of "hazard rate"

(Eqg. 13a)

each point in time, the

us states will continuously chande with time, but as time approaches infinity (=) the value of A orc,

allest eigenvalue of the
ever, in general, it can
r rates, ust and p .t are
bely. This is discussed

ulties, an open.loop Markov model is not the preferred modeling approach for determining the

cumvented by using the

arkov Model Approach

The closed loop MM approach differs from the open loop approach, ONLY in that a feedback is added from the fully failed

state to the full-up state

. In this example, from P orc to Pry.

The closed loop Markov model diagram for the system is shown in Figure 9.
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Short Time
State

The dotted line in Figule 9 represents the feedback path, ugg, which has been‘added from the ful

to the full-up, PFU, stat

Substituting the conser
is:

Pry + Pst + Pt + Prore
dPsr/dt = Agrr * PRy - (M
dP t/dt = A * Pru - (A
dPorc/dt = Anmeuc * (PH
The only difference be
addition of the pgg * Pg
the probability flow out

In closed loop models

IGURE 9 - CLOSED LOOP MM FOR SIMPLE FADEC CONTROL SYSTE]
WITH REPAIR FOR SHORT AND LONG TERM FAUICTy'STATES

Y%

vation equation for the dPgy/dt state equationy;the system of differential e

=1.0

5T-LOTC-AVE T UsT + 7\'HM+UC) * PST

T-LOTC-AVE T Uit + 7\-HM+UC) * F)LT

u + Pst * Pi1) + Aspegvcave * Pst + ALtiotcave * Pur - Urs * Plotc
tween these closed loop equations and those for the open loop MM didg
rc term to the dP, orc/dt equation. This term has a negative sign in front of

Df the P ofc)state.

the.solution of interest is the steady state solution, because it is the sqg

y failed, PLOTC, state,

uations for the system

gram (Figure 7) is the
it because it represents

lution which has all of

probability states contri

buting to the fully failed, P orc state in a balanced manner, as would be the

case in a large fleet of

engines.

The steady state solution is obtained by setting all of the dP/dt terms to zero and solving the resulting set of algebraic

equations. This makes

the calculation of a solution much simpler.

For this example, the set of algebraic equations to be solved is:

Pru + Pst + Pir + Prote

=1.0

0= 7\'STT * PFU - (}\fST-LOTC-AVE + UsT * )\'HM+UC) * PST

— * *
0 = ALt * Pru - (ALt-Lote_ave + Wt + Aumsuc) * Pur

0 = Aumsuc * Pru + (Rsts

*
Lotc-ave + Aum+uc) Pst

+ (AtLoTc-Aave *+ Aameuc)*Pur - Hre™PLote

(Eqg. 14a)
(Eqg. 14b)
(Eq. 14c¢)

(Eq. 14d)
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Having estimated the failure rates for the various short time and long time faults, and the failure rates to the LOTC state
when operating with those faults, one selects the desired repair rates for short time and long time faults, and solves the
above set of algebraic equations to determine the probabilities of being in the various states. A value for Lz is needed to
calculate a solution. Arbitrarily set urg to 1.0. The value selected for urg will effect the solution, such that different values
of ugg will yield different values for the calculated probabilities of being in the various states, but as is shown below,
although the probabilities of being in the various states is a function of pgg, the failure rate into the LOTC state, A otc, is
not a function of ugg or any of the values of the state probabilities. (An intuitive explanation for why the "feedback" rate
doesn't matter is that the overall average failure rate of a fleet of engine control systems is not affected by the length of
time a control system is absent from the operational fleet following its failure.)

7.2.2.1 Hazard (or Failure) Rate for a Closed Loop Markov Model

The failure rate equatiojrforthectosedtoop modetof Figure 915 the same as that{Equatiormt3a)jgiven for the open loop

model of Figure 8. It is|repeated here as:

Mamsuc™Pru + (Adr-LoTcave + Aumeuc) *Pst + (ALt-Lotcave + Auveuc) *Pur
Alotc = (Eq. 15)
(1 —Puotc)

It would certainly appedr that failure rate given by Equation 15 is a function of-the state probabiliti¢s, but the following will
show that it isn't.

7.2.2.2 Reorganizing the Failure Rate Equation
Rearranging Equation 14a yields

1= Protc = Pry + Ps7 +|Pur

Substituting this into thg¢ denominator of Equation 15 yields

Armsuc™Pru + (Mst-Lote-ave FAnmsuc) Pst + (MiriLoteave + Aumsuc) Pur
Mote = (Eq. 16)
Pry + Psr A Pi7

And, Equations 14b andl 14c can be reartanged to solve for Pst and Pt as a function of PFU:

PST

ASTT* PFU / (ST + AST-LOTC-AVE + AHM+UC)

PLT

Substituting Equations T7aand 7o imto Equation 16 for PSTand PET yields——————————————

ALTT * PFU / (ULT &ALT-LOTC_AVE + AHM+UC)

* *
Astt ™ (Astotcave + Aumsuc) ALt * (ALTLote-ave + Anmsuc)
Aim+uc + +
UsT + AstLoTc-AVE + AHm+uc ULt + ALtLoTe-ave + Armsuc
ALotc = (Eq. 18)
AstT AT
1.0 + +

Ust *+ AstLotc-AvE + Ameuc  MLT * ALT-LoTe-AvE * Anmsuc

Note that this equation only involves the failure rates and repair rates of the system, and that it is independent of the
feedback rate uFB and all state probabilities. This is a highly desirable characteristic of closed loop, single state MM’s.


https://saenorm.com/api/?name=5c3776f609c385bb454149bf3c9cf1f3

SAE ARP5107 Revision B -35 -

7.2.2.3 Single State Closed Loop MMs

For the purposes of this ARP a single state MM is one which shows only single fault conditions as individual states. All
second faults from the single states lead to the LOTC state. Second faults, which do not lead to the LOTC state, are not
modeled. Hence, no dual state fault conditions are shown as separate states Therefore, the transition rates from the
single failure states represent only those additional single failures that would take the system from the single faulty states
to the LOTC state. A generic single state MM for a FADEC system is shown in Figure 10.

“n” Single Failure States

K > hiorc

FIGURE 10 - SINGLE STATE MARKOV MODEL

The n single fault statels can be ST or LT states, or No Dispateh states, when the No Dispatch (ND) condition does not
result in an LOTC event. The repair rates, ;, for the ST and LT states are the reciprocals of the BT and LT repair times.
For the ND states, the|repair time is normally set to the reciprocal of V2 of the average flight time¢. This is because it is
assumed that the systgm would enter an ND state approximately half-way through the flight. ThIre are control systems
that have single failureg which result in an ND state{but do not necessarily lead to an LOTC evgnt. Examples of these
control systems are ongs with only one Pg (i.e., burher pressure) or P, (i.€., ambient pressure) sensor. Loss of these
sensors may not caus¢ an LOTC event, but.may result in an ND condition. However, in most pystems ND states are
usually not modeled in|a single state Markov-model because it would normally take two indeperdent fault conditions to
get into a non-dispatchable state (or configuration), and hence, a single state model would not, by definition, model these
conditions.

7.2.2.4 Two Generallzed Solution-Equations for Single State Models

The general form of thel solution for this model is given by Equation 19.

Mmruc + 2{ (Aot mwroe) ot AvROT)
ALoTc = (Eq. 19)
1.0 + 2{ A/ (Wi + Aicote + Anmsuc) }

where:
Anm+uc represents the hydromechanical plus uncovered fault rate.
A; represents the failure rate from the full-up state to a given fault state, and
AiLotc is that failure rate from that given single fault state to the LOTC state, due to additional single faults in the
redundant portions of the electronic control. (This failure rate does not include the single element hydromechanical

and uncovered faults, as these faults are accounted in the Ayy.uc term.)

L is the repair rate for the fault state.
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A slightly different nomenclature is often used. In this representation, the failure rate from the single failure states to the
LOTC state, Ai.Lotc , includes the additional Ayw-uc failure rate term. That is,

}\‘i-LOTC+HM+UC = >\'i-LOTC + 7\'HM+UC

When this is done, Equation 19 takes the form:

Aumsuc + 2{ (A

*7\'i—LOTC+HM+UC) / (M + 7\fi—LOTC+HM+UC) }

AMoTc =

1.0 + 2{ N/ (i + AiLote+hmsuc) }

(Eq. 20)

Equation 20 and Equation 19 are exactly the same. They just use different nomenclature for the failure rates from the

single failure states to t

7.2.2.5 First Order A

A difficulty with Equatio
in the example FADE(
shown in the numerato

LOTC rate as a funcfion of the long time repair interval.

summations 2{ (A *AiLo
First, replace the repair|

Mmeuc + 2{ (A

€ LOTC state.

bproximation to the Single Fault Markov Model LOTC Equation (Equations
ns 19 and 20 is that when computing the LOTC rate using a spread sheet &
system discussed in 7.4 and shown in Table 1, one has, ta’continually

- and denominator of those equations for each new value 6P (i 1 to obtain
This difficulty~can be eliminated

reenmeuc) / (i + AiLotcenmeuc) } @nd X{ A / (Wi + AiLotciiniduc) } with simple, fi

rate, W;, with the repair interval, T;. Equation 20then becomes:

[Aicotcemsuc Ti) / (1 + Aiotcenmsuc™Ti) }

Aote =

1.0

The first order approxinpations for the summations are:

Z{(}\'I )\'i-LOTC+HM+UC*Ti)/(/I

2{ A/ (1 + MiLotcsHmud
Substituting these appr

Anmsuc + 2

F 2 { N/ (1 + Miorcnmsuc™Ti) }

+ }\fi-LOTC+HM+UC*Ti)} = Z(}\'I *xi-LOTC+HM+UC*Ti) - Z:(7\4 *(ki-LOTC+HM+UC*Ti)2)

)} = T Z(h *AicorcmeucTi%)
bximations into~Equation 20a yields the approximation:

(M *MaSrcsmmeucTi) = Z(A *(iLorcrmsuc™Ti)%)

MoTc =

1.0

0)

pproach, which is done
re-do the summations
the data for plotting the
by approximating the
st order expansions.

(Eq. 20a)

(Eq. 20b)

SF0 Ty - TO D oremmue T

COTCHTvVIOC 7

Equation 20b may not look any simpler than Equation 20a, but when T, is a fixed value for a group of faults, the
summations for the “A” terms for that group of faults only has to be done once. For example, if all single fault states are to
be grouped into a short time or long time repair group with repair intervals of Tst and T, respectively, approximation 20b
becomes:

Miveuc + a0*Tst—ar*Tsr® + Co*Tir— c1*T 2
(Eqg. 20c)

MoTc =

1.0 + bO*TST - b1*TST2 + dO*TLT_d1*TLT2
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where:
ao = 2(AsTi *AsTiLOTCHHM+UC)
ar = X(As *(}\‘STi-LOTC+HM+UCi)2)
bo = 2(Asti)
b = a
Co = X(ALTi "ALTiLOTCHHM+UC)
¢ = Z(hm*(Mrisofcrmeuc) )
do = 2(ALm)
di = ¢g

These coefficients only|

have to be calculated once for the fault states in the ST and LT fault groy

intervals, Tst and Tt can be varied to determine the effect on the LOTC rate.

7.2.2.6 Simplified Ap
In Equations 19 and 2(
less than 50*10™, and
time-since-fault-model)
being the case, Equatig

proximations When Using High Repair Rates (i.e.;Short Repair Intervals)

, the (AiLotc + Anm+uc) and AiLotc+Hm+uc termsgwhich represent the same f
the repair rates, L;, are generally greater than 0.001 (i.e., repair times of le

ns 19 and 20 can be simplified to:

Miveuc + 2{ [Ai*(Aicote + Aamsuc) / Wi }
MoTc =
1.0 + Z{?\,,/}l,}
and
Mivsuc + |2 (Ai*AiLotcsrmruc /1 )
Motc =
1.0 + Z( }\fi/ui )

Again, these two equs

tions~yield the same answer. The only difference in the equations is

ps, and then the repair

hilure rates, are usually
5s than 1000 hours in a

Therefore, the W’s are approximately>10 times greater than the A orc«ufi+uc failure rates. This

(Eq. 19a)

(Eq. 20d)

Wwhether the HMU plus

uncovered fault rate is

ncldded in the failure rates from the single faulty states to the LOTC state,

as it is in Equations 20,

20a, 20b, etc., or whether the HMU plus uncovered failure rate is not included in the A orc failure rate but handled
separately, as is done in Equations 19 and 19a.

Since (1/y;) is simply the repair time for a particular fault repair interval, T, repair, Equation 20d can be written as:

>\'HM+UC + Z (Ti-REF’AIR * >\'i ~k)\'i-LOTC+HM+UC)

7\'LOTC

1.0 +2( Tirerar * Ai)

(Eq. 20e)

When the dispatchable faults are allocated to two fault groups, a short time fault group with a repair time of Tsr and a long
time fault group with repair time T_t, Equation 20a can be written as:

7\'HM+UC + TST* Z ( >\«STi *XSTi-LOTC+HM+UC ) + TLT* Z ( 7\'LTi* }\«LTi-LOTC+HM+UC)

}\‘LOTC =

1.0 + Ter* 2(Asmi) + Tor™ 2( Auni)

(Eq. 20f)
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Generally, when the time-since-fault repair times are less than 1000 hours, Equation 20e (and Equation 20f when there
are just two fault groups) yield reasonably good approximations for the estimated LOTC failure rate. If repair times of
1000 hours or more are to be considered, the analyst can revert to the use of Equation 20, 20a, or 20b. (NOTE: The
1000 hour long time repair time is not to be considered an absolute number. It's a relative number. As discussed in
section 7.2.4, the repair rate, which is the reciprocal of the repair interval, has to be at least 10 times greater than the
failure rates into and out of the various fault states for single state models to be reasonably accurate.)

7.2.3 Examples of Single Fault States

Examples of single failure states in an engine FADEC system are operation with one item, such as a T2, Pampient Or Other
sensor failed; a fuel metering valve or variable geometry feedback failed; a CPU or power supply in one channel failed; or

any other single failure

being modeled.

7.2.4  Acceptability (

d Accuracy) of Single State Models

In general, single fault state models are acceptable when the repair rate for the single fault statg
times (or more) greatef than the maximum failure rate into or out of those fault states.Most M3

dispatchable faults cor{ditions into either a short time (ST) or long time (LT) repairceategory.

F

reasonably accurate (i.¢., approximately 5%), the repair rate for all ST fault states should be at lea
the maximum failure rafe into or out of any given ST fault state, and similarly, the repair rate for a

be at least 10 times gre
for the 1st fault states
shutdown rate. This is
for further discussion of

7.3 Comparison of T

A comparison of the TV

The two TWA solutions
20, 20c and 20f are al
(Equation 6) is virtuall
fractional coefficient so
fault groups) are easie
calculated once.

If one desires a very g
the spread sheet wher
used. The coefficients
once, and there are onl

ater than the maximum failure rate into or out of any@iven LT fault state.
igh translates into making multiple faults so improbable that they are negli
why high repair rates ensures that a "single state®:model is reasonably acq
this subject.

(VA and MM Approaches

shown in Figure 11 are the same as those shown in Figure 5. The MM
50 shown. Note that the TWA solution using the balanced fractional coe

lution and the simplified MM solution from Equation 20e (i.e., Equation 2
r to calculate thanthe MM solution given by Equation 20, as the coeffi

bod match to'the full Markov model solution given by Equation 20 - but w
the repair)times are changed - the first order approximation given by E
Ao, a1 bg, b1, Co, C1, do, and d; used in the approximation, Equation 20c, on
y two.more of these coefficients than in the simplified Equation 20f solution

s are approximately 10
rkov models group the
or these models to be
5t 10 times greater than
| LT fault states should
Making the repair rates
pible contributors to the
urate. See Appendix G

A and MM solutions for the example-system given in 7.1.5 is shown in Figdire 11.

results using Equations
fficients from this ARP

y the same as the simplified (Equation 20f) Markov Model solution - and both the balanced

Of for a system for two
cients only have to be

thout the need to re-do
quation 20c should be
y have to be calculated

All of the solution meth

ods provide acceptable accuracy. Ihe preferred approach IS 10 use the Ti

rst order approximation

given by Equation 20c. It provides an excellent approximation to the full Markov model solution equation with significantly

less effort.
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FIGURE 1] - GOMPARISON OF TWA SOLUTIONS USING THE ORIGINAL ARP FRACTIONAL
COEFFICIENTS/AND THE BALANCED EQUATION 6 COEFFICIENTS OF THIS ARP W|TH MARKOV
MODEL SOLUTIONS USING EQUATIONS 20, 20C AND 20F (FROM THIS ARP) FOR THE
FADEC SYSTEM DATA GIVEN IN 7.1.5
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7.4 A Single State FADEC System MM Example

A single state MM for an example FADEC system is shown in Figure 12. In this system, the bleed valves account for
much of the single element mechanical failure rate, and since they are all controlled separately by the electronics, they
contribute a significant portion to the electrical/electronic system’s failure rate. The ECU and alternator were put into the
ST repair state because when either is failed, it takes away a significant amount of redundancy. All other items were
placed into the LT category.

In this particular system, the N1 and N2 sensor systems are triple and quad redundant, respectively, and the control is not
dispatchable without 2 of each of these signals present, so the impact on the LOTC rate from a complete loss of N1 or N2

is negligible.
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[0.0000076 + >((AiLotcsnm+uc * M)(Wi + AiLoTcsnm+uc))]
Column G, LOTC rateis =

1+ 2N/ (Wi + AicotesHm+uc) )

for example, G22 =[0.0000076 + F8 + F22]/[1. + E8 + E22]

and G37 = [0.0000076 + F8 + F37]/ [1. + E8 + E37]
and G52 = [0.0000076 + F8 + F52] / [1. + E8 + E52]
and G67 = [0.0000076 + F8 + F67] / [1. + E8 + E67]
and G82 = [0.0000076 + F8 + F82] / [1. + E8 + E82]

The F8 and ES8 terms always stay the same because those terms are for the short time repair faults and the time for those
fault states is fixed at 250 hours.
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TABLE 2 - SPREADSHEET SOLUTION FOR FADEC SYSTEM EXAMPLE SHOWN IN FIGURE 12

Tst-repair = 250 hours (ust = 0.004 events/hour)

A B C D E F G
Ai Ai-LOTC+HM+UC M (Airorormmuc ™ M)/
I ) e (UsT * AiLoTc+HM+UC) (UsT + AiLoTcHHM:uc )
4 CPU o5 —590E05——4-37E£-03 577
(system)

5 PMA 1.50E-06 5.18E-05 3.70E-04 1.92E-08

6

7 SUM SUM

8 4.74E-03 2.46E-07

TLT-Repair =1 hour (HLT 1.0 eventS/hOUr)
A B C D E F G
N ALOTCHHM il (AieLote * M)/ A Lot
I Hote Y, (Uit + AiLoTcthmeuc) (Uit + AiLotcsnmduc ) ore

11 Asg\é 2 22E-05 2 Q9E-05 2 22E-05 4.64E-10

12 PS 1.10E-05 2:28E-05 1.10E-05 2.51E-10

13 CCDL 1.60E-06 3.57E-05 1.60E-06 5.71E-11

14 TLA 5.40E-06 1.99E-05 5.40E-06 1.07E-10

15 CGvV 8.20E-06 2.46E-05 8.20E-06 2.02E-10

16 MV 6.60E-06 2.46E-05 6.60E-06 1.62E-10

17 T2 3\80E-06 1.92E-05 3.80E-06 7.30E-11

18 4 SUMS |—900E-Q7 1 37E-05 0 00E-07 12311

19 P3 1.10E-05 2.28E-05 1.10E-05 2.51E-10
20
21 SUM SUM
22 7.07E-05 1.58E-09 7.81E-06
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Tit-repair = 1000 hours (u.r = 0.001 events/hour)

A B C D E F G
M ALOTCHHMAUC Al (MiLotc+hmeuc * M)/ A Lote
I ) (HLT + 7\'i-LOTC+HM+UC ) (I-LLT + ?\'i—LOTC+HM+UC )
26 | SBV. | 220E05 2.09E-05 217E-02 4 54E-07
A,B,C
27 PS 1.10E-05 2.28E-05 1.08E-02 2.45E-07
28 CCDL 1 60F-06 3 57E-05 154E-03 5 52E-08
29 TLA 5.40E-06 1.99E-05 5.29E-03 1.05E-07
30 CGV 8.20E-06 2.46E-05 8.00E-03 1.97E=07
31 MV 6.60E-06 2.46E-05 6.44E-03 1568E-07
32 T2 3.80E-06 1.92E-05 3.73E-03 TA16E-08
33 4 SUMS 9.00E-07 1.37E-05 8.88E-04 1.22E-08
34 P3 1.10E-05 2.28E-05 1.08E-02 2.45E-07
35
36 SUM SUM
37 6.92E-02 1.54E-06 8.74E-06
T 7-repair = 2000 hours (u.r = 0.0005 events/hour)
A B C D E F G
Ai MiLoTc+HMEUG M (erorcarmeuc ™ ) A Lote
' ) R (Uer + AiotesHmruc ) (Ut + Aiore+nmiuc)
41 SBV 2.22E-05 2.09E-05 4.26E-02 8.91E-07
AB,C
42 PS 1.10E-05 2.28E-05 2.10E-02 4.80E-07
43 CCDL 1.60E-06 2.99E-03 1.07E-07
3.57E-05
44 TLA 5\40E-06 1.99E-05 1.04E-02 2.07E-07
45 CGV | —820E-08 2 46E-05 1 56E-02 3.85E-07
46 MV 6.60E-06 2.46E-05 1.26E-02 3.09E-07
47 T2 3.80E-06 1.92E-05 7.32E-03 1.41E-07
48 4 SUMS 9.00E-07 1.37E-05 1.75E-03 2.40E-08
49 P3 1.10E-05 2.28E-05 2.10E-02 4 80E-07
50
51 SUM SUM
52 1.35E-01 3.02E-06 9.53E-06
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Ti7-Repair = 3000 hours (ur = 0.000333 events/hour)

A B C D E F G

M ALOTCHHMAUC Al (AiLotc+hmeuc * M)/ A Lote
' - (ULt + AioTc+Hm+uc) (Wt + Ai-LoTc+Hmsuc)
SBV

56 ABC 2.22E-05 2.09E-05 6.27E-02 1.31E-06

57 PS 1.10E-05 2.28E-05 3.09E-02 7.04E-07

58 CCDL 1.60E-06 3.57E-05 4.34E-03 1.55E-07

59 TLA 5.40E-06 1.99E-05 1.53E-02 3.04E-07

60 CcCGvV 8-26-06 24605 22902 5-64=0+F

61 MV 6.60E-06 2.46E-05 1.84E-02 4.54E-QF

62 T2 3.80E-06 1.92E-05 1.08E-02 2.07E-07

63 4 SUMS 9.00E-07 1.37E-05 2.59E-03 3.65E-08

64 P3 1.10E-05 2.28E-05 3.09E-02 (04E-07

65

66 SUM SUM

67 1.99E-01 4.44E-06 1.021E-05
T 7-Repair = 4000 hours (u.r = 0.00025 events/hour)

A B C D E F G

Ai MiLoTc+HMEUG M (erorcarmeuc ™ ) A Lote
' ) R (Uer + AiotesHmruc ) (Ut + Aiore+nmiuc)

71 EEVC 2 22E-05 5.09E-05 8.19E-02 1.71E-06

72 PS 1.10E-05 2.28E-05 4.03E-02 9.19E-07

73 CCDL 1.60E-06 3.57E-05 5.60E-03 2.00E-07

74 TLA 5.40E-06 1.99E-05 2.00E-02 3.98E-07

75 CGY |- 820E06—1——246E05 1 2 00E Q2 7 35E-07

76 MV 6.60E-06 2.46E-05 2.40E-02 5.91E-07

77 T2 3.80E-06 1.92E-05 1.41E-02 2.71E-07

78 4 SUMS 9.00E-07 1.37E-05 3.41E-03 4. 68E-08

79 P3 1.10E-05 2.28E-05 4.03E-02 9.19E-07

80

81 SUM SUM

82 2.60E-01 5.79E-06 1.079E-05
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T 7-Repair = 9000 hours (u.r = 0.0002 events/hour)
A B C D E F G
N A Al (AiLoTc+hm+uc * M)/ A
i i-LOTC+HM+UC (MLT + 7\«i.|_OTC+HM+UC) (MLT + xi-LOTC+HM+UC) LOTC
SBV

86 ABC 2.22E-05 2.09E-05 1.00E-01 2.10E-06

87 PS 1.10E-05 2.28E-05 4 94E-02 1.13E-06

88 CCDL 1.60E-06 3.57E-05 6.79E-03 2.42E-07

89 TLA 54006 1-99-65 24502 4-89-0F

90 CGvV 8.20E-06 2.46E-05 3.65E-02 8.98E-07.

91 MV 6.60E-06 2.46E-05 2.94E-02 7.23E-07

92 T2 3.80E-06 1.92E-05 1.73E-02 3:33E-07

93 4 SUMS 9.00E-07 1.37E-05 4.21E-03 577E-08

94 P3 1.10E-05 2.28E-05 4 .94E-02 1.13E-06

95

96 SUM SUM

97 3.18E-01 7.09E-06 1.130E-05
T 7-repair = 6000 hours (u.r = 0.0001667 events/hour)

A B C D E F G

Ai MNLOTC+HHM+UG M (erorcarmeuc ™ ) A Lote
' ) T (ULt + AiLoTesHmsuc) (Ut + Aiote+hmiuc)

101 fgvc 2 22E-05 2.09E-05 1.18E-01 2 47E-06

102 PS 1.10E-05 2.28E-05 5.81E-02 1.32E-06

103 CCDL 1.60E-06 3.57E-05 7.91E-03 2.82E-07

104 TLA 5.40E-06 1.99E-05 2.89E-02 5.76E-07

105 CcGv 8.20E-06 2.46E-05 4.29E-02 1.05E-06

106 MV 6.00E-06 2.46E-05 3.45E-02 8.49E-07

107 T2 3.80E-06 1.92E-05 2.04E-02 3.93E-07

108 4 SUMS 9.00E-07 1.37E-05 4 .99E-03 6.84E-08

109 P3 1.10E-05 2.28E-05 5.81E-02 1.32E-06

110

111 SUM SUM

112 3.74E-01 8.34E-06 1.174E-05
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Figure 13 shows a plot of the Table 1 data for the LOTC rate as a function of the time-since-fault, repair time for long time
faults, T.t. The short time repair interval in this analysis is fixed at 250 hours. This 250 hour repair time is also a time-

since-fault repair time.

14-
12 4
//
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/

:“;? /
F=
= =~
£
g ;
be Short Time Fault Repair
E 6 Time-Fixed at 250 hrs. -
2]
'...
o)
-

4

2

D 1

0 1000 2000 3000 4000 5000 6000
LT (time since fault) repair time (hrs.)
FIGURE 13 - LOTC RATE (TABLE 1 DATA USING EQUATION 20) AS A FUNCTION OF [THE LT FAULT
REPAIRTIME FOR SIMPLE FADEC SYSTEM EXAMPLE OF FIGURE 12
The 10 per million LOT[C rate (for engines installed on transport category aircraft) is achieved by fepairing ST fault within
250 hours of their occurrence and LT faults within approximately 2700 hours of their occurrence. If this is an initial

application of a FADEC system, the FAA’s policy letter for LOTC analyses requires a 2:1 margin in the repair times
simulation, with a maximum time-since-fault repair time of 125 hours for ST faults and 250 hours for LT faults. Thus, if
this were an in initial FADEC system application, those would be the maximum allowed limits, even though the analysis
shows that a longer than 250 hour LT repair time would yield an LOTC rate less than 10 per million hours.

Figure 13A shows a comparison of the LOTC solution results (Table 1) for the Figure 12 Markov model using the
complete single state Markov model equation (Equation 20) along with the first order approximation Equation 20c and the
simplified solution equation given by Equation 20f.
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FIGURE 13A - COMPARISON OF FIGURE 12-MARKOV MODEL LOTC CALCULATIONS

Table 2 shows a sprea
which are used in Equ
calculated once for the
first order approximatidg
Equation 20 (and Tablg

USING EQUATIONS 20, 20C AND 20F

 sheet of the calculations invelved in determining the coefficients; a, a1, o, b4, Co, €1, do, and dy,
htion 20c. Note how easy .it.is to calculate the coefficients, and the coeflicients only have to be
ST and LT fault states. This/is much easier than doing the spread sheet layout of Table 1, and the
n provided by Equatian ' 20c is in excellent agreement with the more complex solution given by

1).
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TABLE 3 - SPREAD SHEET SHOWING THE CALCULATIONS FOR DETERMINING THE COEFFICIENTS

do, a1, bo, b1, Co, C1, do, d1 USED IN EQUATION 20C

Asti AstiLotc Asti * AstiLoTc Asti * AstiLote”
ECU 1.77E-05 5.20E-05 9.20E-10 4.79E-14
PMA 1.50E-06 5.18E-05 7.77E-11 4.02E-15
SUM SUM SUM
b0 = a0 =b1= al=
1.92E-05 9.98E-10 5.19E-14
M MrtiLotc M * MTiLote A * Mgdore”
SBVA,B,C 2.22E-05 2.09E-05 4.64E-10 9.70E-15
PSS 1.10E-05 2.28E-05 2.51E-10 5.72E-15
CgbDL 1.60E-06 3.57E-05 5.71E-11 2.04E-15
TILA 5.40E-06 1.99E-05 1.07E-10 2.14E-15
Cev 8.20E-06 2.46E-05 2.02E-10 4.96E-15
MV 6.60E-06 2.46E-05 1.62E-10 3.99E-15
T2 3.80E-06 1.92E-05 7.30E41 1.40E-15
4 SYUMS 9.00E-07 1.37E-05 1.23E-11 1.69E-16
H3 1.10E-05 2.28E-05 2.51E-10 5.72E-15
SUM SUM SUM
do = c0=d1= cl=
7.07E-05 1.58E-09 3.58E-14

When the repair rates gre high with respect to the failure rates into and out of the single fault states, the use of Equation

20f is certainly adequat

High repair rates mean
a one time calculation @

2(Asti), 2(Ami), 2

The use of Equation 20

Z ( xSTi * (XSTi—LOTC+HM+UC

al
.

short repair times. Equation 20f is much simpler to use than Equation 20
f the terms:

AsTi* AstiLor@enmsuc ) » and 2( ALt ALTiLoTcsHMmeuc ) -

C only requires two more terms to be calculated in addition to the above. T

)2 )and  2( Auri” (ALTiLoTcsHMeuc )2) .

pecause it only requires

ney are:

When the repair times are relatively short, such that the repair rates (i.e., the reciprocal of the repair times) are
approximately 10 time or more greater than the failure rates into and out of the various fault states, the use of Equation
20f should be adequate. From its ease of use and accuracy, Equation 20c is preferred.

7.4.2 Validity of the Calculated Data

As discussed in 7.2.4, single state Markov models are representative of a system when the repair rates for the states are

frequent with respect to the failure rates into and out of the states.

Having a frequent repair r

ate simply reduces the

probability of having a second ST or LT fault occur during the time period that a ST or LT fault is allowed to exist. It is
suggested that the repair time be at least 10 times greater than the highest of the failure rates into or out of all states in a
given (i.e., ST or LT) group.
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In the above example, the highest failure rate in the ST fault group is the failure rate out of the CPU (system) fault state,
which is 52.0 * 10° failures per hour. The repair rate for all ST states — there are only two ST fault states in the example
model — is 0.004 units per hour. This repair rate is 77 times greater than the highest failure rate of 52 per million hours,
and therefore, the model is accurate with regard to using a single state model for ST faults.

The highest failure rate for LT faults is the failure rate out of the CCDL fault state, which is 35.7*10™ failures per hour.
Using this number, the repair rate for all LT faults states should be no less than 357.*10-6 units per hour. This equates to
a repair interval, which is the reciprocal of repair rate, of 2800 hours. Hence, the data shown in Figure 13 for the LOTC
rate of the system is increasingly inaccurate for LT repair times greater 2800 hours. In this particular model, the highest
failure rate of 35.7 per million hours is a bit less important because the failure rate into the CCDL state is only 1.6 per
million hours, and therefore, this state does not contribute significantly to the LOTC rate and it is unlikely to have this
failure coupled with another LT fault in the 2800 hour period. The next highest failure rate is 24.6 failures per million
hours and occurs from bath the “CGV TM or | VDT” and "MV TM or | VDT” states Multiplying this by 10 and taking the

reciprocal yields a maximum repair time of 4064 hours. The model is reasonably accurate up to.thjs time period.

In summary, although glata is calculated and shown in Figure 13 for LT repair times up_t0*6000 hours, the data beyond
4000 hours is increasingly inaccurate in this particular single state model. Most FADEC-system LJT repair times are 1000
hours or less, and for these shorter repair times, a single state MM is usually quite adeguate.

7.5 Second Example} A Single and Dual State Model of a FADEC System

A major engine manufacturer provided this second example. Without showing all of the failure fates and the particular
failure states, Figure 14 shows a second example of a single state Markow'model of a typical FADEC system. State #1 is
the full-up state, states| 2 through 24 are the single failure states, and state 300 is the LOTC stgte. Dual failure states,
which are combinationg of the single states, were added to thesmodel, as shown in Figure 18. The dual states are
numbered from 30 to 2P9, so there are 180 dual states represented. In both models, there are orlly three short time (ST)
states. They are state$ numbered 2, 3, and 4. Using a fixed*ST repair interval of 250 hours for| these three states, the
LOTC rates for both the single and dual state models are-shown in Figure 16 as a function of the LT fault repair time.
Note that at an LT repajr time of 2000 hours, which is a lohg LT repair time, the single and dual stdte models only differ by
about 3%, and at an LT repair time of 1000 hours, theltwo differ by less than 1%. This is an example which shows how
small the contribution of the dual states is to the estimated LOTC rate.

7.6  Discussion of Markov Model and TWA Approaches, and the Use of Fault Trees for Determifing LOTC Rates When
Operating With Faults

As stated above, in comparing the MM\approach with the TWA approach, the MM approach has [the advantage of being
able to balance the various states of.a-redundant system slightly better than the TWA approach. The use of Equation 20c
allows an accurate MM|result to be determined in a simple manner (i.e., the coefficients only have to be calculated once.
See Table 2). Using the definitions for the fractional coefficients given by Equations 6 in this rgvised ARP significantly
improves the “balancing” of.thé TWA approach. The TWA approach, with either the original fragtion coefficients or the
new defined ones, yieldstayconservative answer for the LOTC rate and is an acceptable method for completing the LOTC

TLD analysis.

The use of fault trees to calculate the average failure rates of the system when operating with faults is quite acceptable,
but the fault tree of the system needs to be completed with considerable care. Markov models tend to be a functional
representation of the system. Fault trees tend to be more of a hardware representation of the system. For example,
assume that one channel is operating with one thrust level angle (TLA) signal failed. Whether control remains in that
channel or not, the only next failures that would cause the system to go to the LOTC state is the loss of the other
channels CPU, power supply, or remaining TRA signal. (If control remains in the channel with the failed TLA signal and
the cross-talk bus, which contains the remaining TLA signal, fails, the control can simply revert to the good TLA signal
channel.) There have been examples of very complex fault tree models which calculated a very incorrect failure rate for
this simple situation. Hence, if fault trees are used to calculate the failure rates of the system when operating with faults,
do simple reasonableness checks on the results to see if they agree with what is logical. This is reasonable easy to do in
a single state model.
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7.7 Time-Since-FaultT{i-e;, On-Condition) Repair Versus Periodic Inspection and Repair

In all of the above discussion, the repair intervals for ST and LT faults are based on time-since-fault repair. (This is also
referred to as 'On Condition' repair. The two nomenclatures are herein considered synonymous.) In this repair scenario,
a 'clock’ is started when the fault occurs, and after a certain number of hours have elapsed - like 100 hours for ST faults -
the fault is repaired. This repair strategy can be employed when airline operator maintenance is immediately notified or
aware of the occurrence of a fault. This works reasonably well for ST faults, because there is (generally) an aircraft 'flight
deck indication' presented to the flight crew of an ST fault condition, and maintenance can 'start the clock' and track the
fault to see that it is repaired within the required period. LT faults, however, are generally handled in a different manner.
Most airline operators do not wish to have a 'flight deck indication' for something that is allowed to be in existence for 500
hours or more. Hence, LT faults are generally handled via an "inspection and repair" activity. This activity involves a
periodic inspection of the FADEC system for LT type faults, and if LT faults are found, they must be repaired.
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If an inspection and repair activity is used to implement fault maintenance, the inspection/repair interval should not be
greater than twice the on-condition, time-since-fault time limit. This is because the fault could have occurred at any time
during the interval, and "on average" the fault will have occurred half way through the interval. Hence, the fault has been
"On Condition" for approximately 1/2 the interval. This is true when the inspection interval is short with respect to the
mean-time-between-failure (MTBF) of the sum of the items in the fault group.

The following presents a derivation for determining the periodic inspection interval time as a function of the time-since-
fault repair time and the MTBF of the sum of the items grouped in the LT repair category.

The average time-since-fault, T1sg, that a fault has been present (if found at inspection) is given by the following
expression:

Trsr Tlnspect TvesmTT (Eq. 21)

where:
TInspect is the lendth of time between periodic inspections in hours.
TMean-LT is the mean time in hours (from the start of the interval) where a LT fault is expected to occur.
Twmean-LT IS €valuated as
[ (te™ ) ot

TMEANLT = ===mm=mmmmmmm- (Eq. 22)
| (e-k(LTT)*t) dt

The integrations are from t=0 to Tinspeet, @and again, the term, A(LTT) represents the total sum of all long term (i.e., LT)
faults in both channels.

Completing the Equation 22 integration, substituting.the result for Tyean. 7t into Equation 21, and simplifying yields:

Trer 1-(1-e®)R
= (Eq. 23)
Tinspect 1-eR
where:

R = Tinspect/ TMTBFLTT

TMTBF(LT) = 1/(Arr)

This can be solved iteratively to obtain values for (Tinspect/ TTsF) @s a function of (Trse/Turerer). The results are shown in
Figure 17. Note from this figure that if the value for the time-since-fault repair time is greater than approximately one-
tenth the MTBF of the LT fault group (i.e., values greater than 0.1 on the “x” axis in Figure 17), the approximation of
having the periodic inspection interval time be twice the time-since-fault repair time becomes increasingly inaccurate.

As shown in the derivation given in Figure 18, for (Tinspect/ TmTar) l€Ss than 2.0, a good approximation to Equation 23 is:

T .
—TISE 172 (1/12)* (Tinspect / TuTBF(LT)) (Eq. 24)
Inspect
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: . . : R
Using the Maclaurin series expansion for e of

eR=1-R+R%2-R¥31+ RY41 +

R-(1-e®)  R?%/21-R3/31+R*/4!+.......
R1-e™) RER-R?/21+R3/31-R*/41+.....)

Dividing through by R? simplifies this to:
R—(1-eXy 421 R/ R2 A1,

\—4

R(1-e™R) T1-R/21+R%/31-R% /41 + ...

Dividing the right-hand side numerator by the denominator.yields

R-(1-e™)

R 1/2 + RIM2 - R*/720 + R®/30240 - R"14209600 +
—e

For R less than approximately 2.0, the above.is simplified to

R-(1-e™®)

=112+ R/12
R(1—-e™)

Inserting this approximation(into Equation 23 yields

T *
__TSF _ 1/2 + Tlnspect /(1 2 TMTBF(LT))

Inspect

This is Equatien’'24.

FIGURE 18 - DERIVATION OF APPROXIMATION GIVEN IN EQUATION 24

Solving Equation 28 for Tinspect @s a function of Trsr and Tyrerrm) Yields:

TInspect

T 3*{ 1 [ (4/3)* (Trsp/Turer)I*°) (Eq. 25)
MTBF(LT)

As in the above examples, most reliability tools are constructed to analyze systems with faults being repaired on a time-
since-fault basis. Hence, having determined Ttsg from the analysis, the inspection interval corresponding to that Trsf is
determined from Figure 15 (or if applicable Equation 25).
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For example, if there are 10 faults in the long term (LT) category and the failure rate for each is 20 x 10 failures/hour, the
total LT failure rate would be 200 x 10° failures/hour, and the Tyrgr for the group would be 5000 hours. If a reliability
analysis yields the result that the maximum on-condition operational time for an LT should be limited to 3000 hours,
Equation 29 can be used to calculate a corresponding inspection interval of 5125 hours - which is significantly less than
twice the “on condition” repair interval of 3000 hours. In this case, the time-since-fault or "on condition" length of time that
an LT fault is allowed to exist (before requiring repair) is long in comparison to the expected time, Turgrer), Of a LT fault;
and therefore, the approximation of using twice the calculated T+sf interval as the periodic inspection interval would not be

a good one (see Figure

15).

8. CALCULATION APPROACHES: DUAL ENGINE ANALYSIS

8.1

Time-Averaging Approach

The dual engined LOT]
LOTC rate is given as:

C rate analysis is not significantly different than the single engine analys

2*TDIV.’“(-I-FL'-I-DIV)*( XLOTC-AVE)Z

}\‘D UAL-ENG-LOTC-AVE =

where:

Tr. is the flight leng
Tow is the diversion

For the equation to be
(A derivation of Equatig

Using an average A otg

- *
AouaL-enc-LoTcave = {2
= 0.15

The reason that the re
failure. It diverts to the
extended operations (E|

In this case:

TFL

th
time on one engine

alid, (Tpn/TeL) must be less than 0.5
h 26 is given in Appendix E.)
of 10° per hour, Tg_ as 4.5 hours, and Tpy as 1 hour, the dual engine LOT

1%(4.5-1)*(10° )?}/4.5
5*10° events per flight*hour

sult is small is that/the twin-engined aircraft does not proceed to destinati
nearest suitable airport. Hence, the exposure time for the second engine
TOPS) scenario is simulated, Tg_ could be up to 16 hours and Tpyy is appro

7\fD UAL-ENG-LOTC-AVE

s. The "average" dual

(Eq. 26)

C rate is calculated as:
(Eq. 27)
bn after the first engine

failure is limited. If an
Kimately 3 hours.

F3%16-3)*(1 Q° )2 V16

Hence, using an

= {
=04

average en%i
requirement for meeting a 10°

88*10° events per flight hour

ne control system failure rate of 10*10"% is consistent with meetin

g the FAR/CS 25.1309

per hour failure rate for a dual engine failure event (caused by control system failures).
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8.2 Maximum Specific Risk Failure Rates as a Function of Dispatch Configuration

The probability of a dual engine LOTC event during any given flight is generally termed "the specific risk" of that flight.
Since the FADEC control systems for each engine are independent of each other, the specific risks for a twin-engined
aircraft are calculated from:

* * * *
2 TDIV (TFL'TDIV) kSPEC.-LOTC-ENG#1 XSPEC.-LOTC-ENG#Z

ADUAL-ENG-LOTC-AVE = (Eq. 28)
Tr

Using a full-up to LOTC fault rate of 6*10°% for the mechanical/h(}/dromechanical elements plus the uncovered faults, and
the maximum allowed ST- and LT-to-LOTC rates of 100*10% and 75*10™ respectively (these values include the

hydromechanical and upeevered-fattis)the-speeific“worse-case'dualengine-0FCratesfortheyvarious dispatch states
for a flight of 4.5 hours Wwith a 1 hour diversion are shown in Table 3.

TABLE 4 - DUAL ENGINE SPECIFIC RISK AS A
FUNCTION OF DISPATCH CONFIGURATION

Dispatch States Dual LOTC Rate

(eng1/eng2) (failures/hour)
Full up/Full up 0.056*10
Full up/ST 0.933%10°°
Full up/LT 000%10°°
LTAT 8.750*10°
STILT 11.667*10”
ST/ST 15.556*10°°

The above calculations{assume that the engine contrglisystems on the two engines are in the faulf condition state listed in
the table at dispatch.

Dispatches of configurgtions with dual engine'LOTC rates greater than 10 failures per hour are dllowed by the FAA, but
only for limited periods|of time. Any dispatch allowance should be determined via discussions wjith the FAA concerning
the specific configuratigns and the integrity, of the FADEC system(s) when operating in those configurations.

There has been occasipnal indications from the European Aviation Safety Agency (EASA) that epch and every dispatch
should meet the "systems requirement" for catastrophic failures (i.e., be less than 10°® failures per hour). Should this be
the case, it (most likely} will pot.be possible to dispatch twin engined aircraft with faults in more thgn one engine's FADEC
system.
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9. SUMMARY

The concept of Time Limited Dispatch (TLD) for FADEC systems has worked well in service. Prior to the release of the
FAA's Engine and Propeller Directorate policy letter (Appendix B) governing certification of FADEC systems, there were
no FAA "rules" or "guidelines" governing dispatch of redundant systems in non-full-up configurations, and even though
many systems on modern day commercial transports are using electronic redundancy, the FADEC system is still the only
one (currently) employing the use of TLD. The approach has provided engineering guidance to maintenance and
dispatch policies.

The three large turbine engine manufacturers, Pratt & Whitney, General Electric Aircraft Engines, and Rolls-Royce have
all endorsed and use TLD for their FADEC systems. All three pursue the Markov Modeling approach when analyzing

their systems.

The MM approach app
use. The capability to
advantage. The first or

Two items should be re

a. Maintenance becor
is traditionally an H
group(see Appendi

b. It brings to the "fror

risk of a catastroph

The first of these tends|
situation. As electron
compliance with 14 CF
will both be involved in
will become increasing
integrity also. This nee

The second item is alv
25.1309 Systems and |

pars to be the better approach to analyzing FADEC systems. It's flexible
mplement and easily change "transition paths" and rates, as well as-repa
Her differential equations are easily solved.

coghized when using the approach:

hes a certification item. The airline operators do not likecthis. They do not |
FAA field operations Part 121 issue, to be controlled by an FAA Engine
kK D for more discussion).

t" the issue of dispatching systems (for limited,periods of time) in configura
c event on a given flight may be greater than 10™® failures per hour.

to be a "political issue". There isn't much the aircraft or engine manufactu
c systems continue to grow in usage, FAA aircraft certification groups
R Parts 23,25,27,29, and 33 andthe Flight Standards groups associated
"certification" and "operations™decisions, and trying to draw a distinct line
ly difficult. FADEC redundancy is not simply provided for economic p
s to be recognized.

vays controversial;chowever, the use of "fleet averages" to show complig
Fquipment requirement (that failures which lead to catastrophic events be |

has been accepted by the FAA Transport Airplane Directorate (Part 25).
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APPENDIX A - EARLY APPLICATIONS

A1 EARLY ELECTRONIC APPLICATIONS

For the most part, early turbine engine powered aircraft used hydromechanical controls. There were electronic systems
on early turbine engine applications, but generally they were limited to simple functions, such as rotor speed limiters and
prop speed synchronizers. In most cases these were single channel, analog type systems. Since the engine had a "full"
hydromechanical control system as basic equipment, the FAA generally allowed the aircraft to be dispatched for a period
of time with the electronically controlled function(s) inoperative. An example of such a case was the electronic fan speed
limiter used on the Rolls Royce RB211 engine used on the Boeing 747 and Lockheed L- 1011 aircraft. The FAA
generally determined the "allowable" dispatch interval based on the importance of the function. In the case of the RR
limiter, the function was considered to be relatively important, and therefore, the FAA limited the "electronics inoperative"

time to 25 hours.

A.1.1 Supervisory [Engine Controls

The use of electronics| widened as the engines became more complex to control andsan. impr
engines (by the flight cfew) was desired. This led to the use of what were termed "supervisory c
systems employed much more electronics to achieve the desired control/interfaceyfunctions,
employed a "full" hydrgmechanical controller for backup. The electronic supervisory controls w
analog and digital verslons. Examples were the electronics used on the PW J19D, GE CF6-804
CFM 56-2/-3, and RR| RB211-535 engines. Although the hydromechanical controllers on th
contained all of the fungtions needed to operate the engines, the aircraft on*which they were instal
from the supervisory elgctronics portion of the control to achieve improyed-engine/aircraft integrati
"electronic system" opgration. For example, autothrottle operation was significantly simplifieg
electronic engine contrpller operation, and the increase in crew work load in 2-crew cockpits w
issue when the enging electronics were inoperative. Hence,\the "allowable" time period of
operation always received considerable discussion. In (approximately) 1982 the FAA institute
required most items affecting basic aircraft operation/crew-interfaces to be repaired within 10

electronic controls werg considered to be in this categdry, and therefore, the aircraft manufact
equipment list (MMEL), which is the FAA approved-document controlling maximum allowab
operations, contains this time limitation.
A.1.2 FADEC Engipe Controls
As the commercial trg
controllers were beco

always operative) inte
manufacturers. These
desired crew interface,
achieve excellent engin

nsport turbine enhgines became more complex, it became apparent the
ing incapable_of -providing all of the desired functions as well as the "ful
ace desired-by the crew. Hence, FADEC engine controllers were de
were dual channel electronic control systems that provided complete en
even/with one channel inoperative. It was anticipated that the dual-cha
e control system integrity. However, when the first engine, the PW 2037,

certified on the Boeind Z57 aircraft, there were no guidelines in place to allow operation with

pved interface with the
pntrols”". These control
but they still generally
bre constructed in both
\/-80C2, GE- SNECMA
ese engines generally
ed began using signals
bn and operation during

and improved during
bs always a discussion
electronics inoperative
d a policy change that
Jays. The supervisory
urer's master minimum
e non-full-up dispatch

t the hydromechanical
time" (i.e., electronics
veloped by the engine
gine operation and the
nnel architecture would
vith such a system was
faults in the electronic

portions of the control. acking guidelines, the FAA T00K the very conservative approach of afl

wing the aircraft to be

dispatched with faults in only one of the channels of one engine. In addition, the FAA did not allow the aircraft to leave a
station where "repairs could be made". Hence, the aircraft was not allowed to dispatch with engine controller faults if
there was a "spare" controller available at that station. This limitation on aircraft dispatchability is a concern to the airline
operators.
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APPENDIX B - REVISED FAA ANE POLICY LETTER, ANE-1993-33.28TLD-R1,
DATED JUNE 29, 2001, POLICY FOR TIME LIMITED DISPATCH (TLD) OF
ENGINES FITTED WITH FULL AUTHORITY DIGITAL ENGINE CONTROLS (FADEC) SYSTEMS

REVISION 1 CHANGES:
Section 5. Definitions. Removed the reference to “On-Condition” and “Condition Monitoring” maintenance strategies and
revised the applicable text to address the maintenance strategies in terms of “task oriented” strategies. Added a definition

of software integrity.

Section 6. Background. Added this section to provide information on TLD and describe the various ways in which TLD
has been approved during previous engine and aircraft certification programs; how it has been approved for in-service

operations; and the approach to be used for future TLD approvals.

Section 8. Discussion.

aircraft certification, ang

Section 9. System Mg
system models used in

Section 13. Dispatch
introduced after the isg

faults in Entry Level applications from “150 flight hours or 10 days, whichever occurs first,” to “125

Section 14. Maintend

maintenance strategieg.

Inspector (PMI/PAI) to
The section has been

conjunction with TLD operations.

Section 16. Engine-
manufacturer to includs
the part 25 developmer

Section 17. Field Exp

longer applicable or usgful. The information that is still useful has been moved to Section 13 of thi

Table 1. TLD Approval.
as part of-engine certification; FAA Flight Standards Aircraft Evaluation Gioup approval of TLD at

Office approval of TLD
aircraft certification; ang

Revised this section to indicate the documentation for TLD approval
in-service operations.

del. Rewritten extensively to provide a more complete description of the
the TLD analysis and their outputs.

ntervals. Revised to add the fourth category of faultSi’manufacturer/ope

ue of the original TLD policy. Simplified the maximum operating time a

nce Strategies. Revised to remove reference to “On-Condition” and
Also, revised to emphasize that the authorization for the Principal M
femporarily extend the approved dispatchinterval must be stated in the T
considerably expanded to address the various maintenance approache

\ircraft Interface.
TLD information in the engine installation manual and provide guidance t
t assurance integrity requirements relating to any installer-provided fault re

erience. This sectioh” has been deleted from this policy because most ¢

Added Table 1 to indicate the various documentation associated with H

FAAFlight Standards Field Inspectors approval of TLD operations for a p3

at engine certification,

full-up and single-fault

rator defined dispatch,
lowance for short time
flight hours.”

“Condition Monitoring”
pintenance or Avionics
| D authorization notes.
s that can be used in

Considerably revised and expanded to provide gyidance to the engine

b the installer regarding
cording devices.

f the information is no
5 policy.

AA Engine Certification

rticular operator.

Table 2. Typical ALS E

niry for TLD Limitations. Added Table 2 to show a typical Airworthiness L

mitations Section entry

that might be used for the TLD associated limitations.

Table 3. Maximum Operating Times for TLD Operations. Changed the short time limitation to be specified in flight hours
only; changed the long time interval to have the limitation specified in exposure time in flight hours - so that the short time
and long time limitations are both given in flight hours; added the fourth dispatch category to the figure with an
accompanying Note 2.

Page ii
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Table 4. Maximum Operating Times for TLD Operations Associated with the “MEL Maintenance Approach” and
“Inspection/Repair Maintenance Approach.” Added Table 4 to show the time limitations for both the short time and long
time fault conditions associated with the maintenance approach used to address those fault categories.

Figure 1. Typical Data Presentation Showing LOTC Rate as a Function of Short Time and Long Time Operating Hours.
Added Figure 1 to show the typical graph used to substantiate the analysis for compliance with the requirement for
equivalent or better reliability than the hydromechanical technology of early systems.

Figure 2. Typical Aircraft System Configurations. Added Figure 2 to show the typical aircraft avionics system associated
with FADEC system maintenance information and displays.

Page iii
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FEDERAL AVIATION ADMINISTRATION (FAA) POLICY FOR
TIME LIMITED DISPATCH (TLD) OF ENGINES FITTED WITH FULL
AUTHORITY DIGITAL ENGINE CONTROL (FADEC) SYSTEMS
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1. PURPOSE. This document provides FAA policy for obtaining type design approval for an airworthiness limitation
under part 33 of Title 14 of the Code of Federal Regulations (14 CFR part 33), relating to dispatch of engines with full
authority digital engine control (FADEC) systems in a degraded condition with respect to redundancy. This airworthiness
limitation is commonly referred to as time limited dispatch (TLD) for engines with electronic engine control systems, which
have some level of redundancy. This policy does not constitute a new regulation and does not establish a binding norm.

2. SCOPE. This document applies to type design approval for TLD for engines fitted with FADEC systems, when these
systems are to be dispatched with faults present for limited time intervals before maintenance actions are required. The
objective of this policy is to define the various dispatch categories and corresponding maintenance intervals to provide a
control system that achieves overall compliance with the applicable airworthiness requirements of part 33. TLD
operations have been applied to FADEC-equipped engines used in multi-engine aircraft applications, particularly those
engines used in part 25 aircraft. The TLD requirements and limitations for those multi-engine aircraft discussed in this

policy should be accep However_the criteria used to es
operations may need tq
engine aircraft certified
40,000 hour “average
mechanical engine con
to dispatch with faults i
or loss-of-power-contro|
applications, a lower lin
Directorate is currently
additional or revised TL
have been established
applies to both recipro
should be the same fo
aircraft application. Th
23 and operated under

3. CANCELLATION.
October 28, 1993.

4. RELATED SECTIO
and 135.179.

5. DEFINITIONS.

able in Qinglp pnginp aircraft anlnlirntinnc
be reviewed for those other applications. For example, it has been aceef
to part 23 requirements (and not certified to part 25 requirements)-may
reliability” for the engine control systems. This reliability level jis“consiq
rol systems currently being used in part 23 aircraft. Thus, it may-be accep
h the FADEC engine control systems that result in a control system loss-(
(LOPC) rate of less than the 10,000 hour lower limit allowed in part 25 a
nit for the LOTC rate of approximately 4,000 hours maybe acceptable. TH
Feviewing the criteria for these other applications. The Engine and Propellg
D policy to include the appropriate information for these other applications
This review of control system reliability and availability requirements fa
cating and turbine engines. The engine control system reliability and 3
I both turbine and reciprocating engines whén those engines are targete
e FAA is developing a separate TLD policy-for engines targeted for airpla
part 91 or part 135.

This document supersedes FAA,policy on TLD of engines fitted with FAL

NS. Sections 33.4, 33.5, 83.19, 33.28, 33.91(a), 43.16, 91.213(d), 121.30

Integrity. <For the purposes of this policy, “adequate software integrity

in the particular electronic unit being discussed is equivalent to DO-178B,

Jhit, (CPU). The CPU is the main processor(s) within the electronic engi

tablish acceptable TLD
ted that single or multi-
only have to achieve a
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The CCDL is the digital data link that transfers data between the functionally

Dispatch Interval. The dispatch interval is the maximum time interval approved by the FAA for dispatch with faults

Entry Level System. An entry level system is a FADEC system that has not reached maturity as defined in this policy.

FADEC Family. FADEC systems can be considered to be a FADEC family when the electronic engine controls are

related due to an overwhelming majority of common parts, similar design and manufacturing technology, and similar

engine installation.
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FADEC System. The FADEC system controls the operation of the engine over the entire operating range, usually
from engine start to maximum power or thrust. The FADEC system consists of the electronic engine control (EEC),
fuel metering unit (hydromechanical control), sensors, actuators, valves, alternator and interconnecting electrical

harnesses.

In some installations the system may include hardware and/or software propeller or reverser functions; in

others it may include ignition elements and other control system components common to reciprocating engines.

Fault Exposure Time and Average Fault Exposure Time.
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the analysis on which TLD approval is based.

Maximum Allowed Fault Exposure Time and Maximum Allowed Average Fault Exposure Time.

The maximum

allowed fault exposure time limitations in this policy apply to the following situations:

(1

When the time of occurrence of the fault is known, a suitable generic flight deck display of the condition is

provided, and the fault category is addressed using the MEL Maintenance Approach; and

)

Periodic Inspection/Repair Maintenance Approach.

When the time of occurrence of the fault may not be known, and the fault category is addressed using the
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g. Redundant. This term refers to an alternate, backup, or equivalent method for providing a parameter or function so
that the parameter or function can be provided even though one source of the parameter or function is lost or
unavailable.

r. Uncovered Fault. An uncovered fault is a faulted parameter or function of the FADEC system that cannot be provided
by another means because either the fault is not detected or the fault is detected but no accommodation means is
provided.

6. BACKGROUND. This background section is based on part 33 certificated engines installed on aircraft operating under
part 121 regulations. Initial FADEC system reliability analyses were essentially based on full-up system configurations;
these analyses provided little information in the area of system integrity with faults present. As a result, dispatch criteria
for the early FADEC systems entermg revenue service was determlned by the selection crlter|a used when establishing
the aircraft's Master ath of conS|der|ng the

performed according to|this policy.

Aircraft and engine mahufacturers recognized that the redundancy features ard reliability of the|FADEC systems could
provide a means for improving (that is, reducing) aircraft delay and cancellation events by enabling redundant systems to
dispatch with faults ptesent. The FADEC systems would also imprqove, control system religbility compared to the
technology they replace. The dispatch configurations would have to, meet engine and aircraft airworthiness standards
and demonstrate that [the use of non-full-up dispatch configurations™would be acceptable ové¢r a specified dispatch
interval. The manufacturers proposed TLD intervals that would enable aircraft to complete their regularly scheduled route
structure. The FADEC]| faults could then be repaired on a normal maintenance schedule for the aircraft. This work
resulted in the original [TLD policy, issued by the FAA Engine>and Propeller Directorate (EPD) ip October 1993. Since
that time, the FAA Endine and Aircraft Certification Offices-and the Flight Standards Aircraft Evgluations Groups (AEG)
have agreed on a revisgd approach to TLD approval and ©perations. The changes associated with this revised approach,
which is currently being applied, have prompted this revision to the 1993 TLD policy.

The revised approach {o TLD approval is appropriate because the FADEC system is not consid¢red “inoperative” when
operating with its variopis system related faults; the system merely loses some of its redundancy. The following factors
suggest that the FADEC system does not readily fit the traditional definition of an inoperative system, as addressed by an
aircraft MMEL.

a. A maintenance progedure pertinent to TLD is not required before releasing the aircraft for seryice (in the case of part
121 operations, thig may be feferred to as ‘dispatch’);

b. There is usually nojoperational impact on crew procedures; and

c. Generally, an aircraft performance penaity does not need 1o be applied before releasing the aircraft for service (or
dispatch, for part 121 operations).

The revised approach to TLD approval transfers the authority for the initial approval of FADEC system TLD operations
from FAA Flight Standards to FAA Engine Certification. The FAA Flight Standards organizations, however, are still very
much involved. The implementation of the maintenance activities required under TLD is done through the operator's MEL
and/or the operator’'s maintenance plan for the aircraft; both of these activities require FAA Flight Standards approval
before implementation. Note: Operators under other regulations, such as part 91 operations, may not have MELs or
approved maintenance plans.
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In TLD applications prior to the issuance of the original TLD policy, FADEC systems were listed in the aircraft's MMEL;
this was driven by the operators. The operators did not want any maintenance tasks that were more frequent than an
aircraft “A” check. Initial aircraft “A” checks are generally between 250 and 400 hours. The initial periodic inspection for
FADEC system short time faults - for entry level FADEC systems - was set at 150 flight hours or 10 calendar days,
whichever occurred first. Since this is a shorter time interval than the aircraft “A” checks, the operators wanted an
indication on the flight deck that a short time fault condition was present. The operators used the indication to “start the
clock” and schedule the appropriate repair(s). Since the flight crew would see the indication, a means to allow dispatch
with the indication present became necessary. Thus, an item to address the indication and allow dispatch with short time
FADEC faults present was added to the MMEL. However, as indicated in section 14 of this policy, it is acceptable to NOT
have any flight deck indications for FADEC short time or long time faults. If an operator prefers, FADEC system short and
long time faults may be addressed using a Periodic Inspection/Repair Maintenance Approach.

When the FAA Engine e limits relating to TLD
operations must be included in the FAA-approved Airworthiness Limitations Section (ALS) of thes¢ngine’s Instructions for
Continued Airworthiness (ICA). At aircraft certification and delivery, the part 121 and 135 operatqrs are required to have
an established maintenance plan that shows compliance with the engine ALS items. -The FAA Flight Standards (FS)
organization is responsible for the review and acceptance of the operator MEL and maintenance program. The FS
organizations have genjerally accepted the FAA-approved TLD limitations for MEL pufposes, but they have the option to
be more restrictive, if hecessary, due to other aircraft or operational considerations. For engines installed on aircraft
intended to operate upder part 121 or 135 regulations, the engine TC holder-and the aircraft manufacturer should
coordinate before subnpitting the FAA-approved TLD limitations to the appropriate FS organizatiops for inclusion into the
aircraft manufacturer's| MMEL, recommended maintenance plan, or bothy/and subsequent inclusion in the operator’s
specific MEL, maintenahce program, or both.
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a.

Dispatchable Configurations—Eachdispatchabteconfiguratiorrmust:

(1)
(2)

Meet the part

33 airworthiness operating requirements

the channel in control;

(3)

protection). For additional information, see section 13.a.(1)(c) of this policy;

(4)

Be supported

Maintain a means to provide necessary signals to identify system faults;

by a statistical analysis for the proposed dispatch intervals;

Have at least one channel operating on its dedicated power source; this channel should be capable of being

Maintain the capability of critical engine protection, if provided by the control, (for example, overspeed


https://saenorm.com/api/?name=5c3776f609c385bb454149bf3c9cf1f3

SAE ARP5107 Revision B - 68 -
(6) Not exceed a computed LOTC rate of 100 events per million hours;
(7) Not have additional single failures in the FADEC system that could prevent continued safe flight and landing of
the aircraft; and
(8) Meet all aircraft level requirements, when the aircraft installation is known, such as those relating to engine
performance, operability, acceleration, etc., unless compensating operational or maintenance procedures are
approved.
b. Fleet-Wide Reliability Requirement. The applicant must show by a suitable analysis that the fleet-wide average

reliability criteria or “average LOTC rate,” which includes full-up as well as degraded system dispatches and

uncovered faults, is

less than 10 LOTC events per million flight hours.
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ncellations caused by the system. The FADEC system may-continue to opérate with faults present
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ed. The applicant must submit a TLD analysis that{substantiates the re
gurations for the associated dispatch intervals, "{The TLD analysis n
ons in terms of the faults, usual degraded redundancy, and the associated

bd for linking the approved TLD time limits and-operations to the engine:

FAA approved ALS of the engine SCA must also include the restrictions an
ne Installation Instructions. This is described in section 16 of this policy.

D documentation yrequired and the appropriate FAA approval organiz

system because unpredicted factors could invalidate the analysis. This r
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addition, this reporting system is used to support future applications for
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this policy provides detalls of the reporting requirements.

While developing this TLD policy, the FAA has taken into consideration certain aircraft level certification requirements that

are significant for this

subject.

However, the appropriate FAA Aircraft Certification Office (ACO) will make the final

determination of the aircraft certification issues. This policy is not intended to prevent the ACO or FS organizations from
determining that more restrictive TLD requirements are warranted. Furthermore, any TLD limitation incompatible with
aircraft certification or operational approvals will be resolved within the FAA. The FAA may require an amendment to the
engine design, ALS, and Installation Instructions, as necessary, to resolve the situation.


https://saenorm.com/api/?name=5c3776f609c385bb454149bf3c9cf1f3

SAE

ARP5107 Revision B - 69 -

9. SYSTEM MODELS. The FAA must approve the FADEC system model used in the statistical TLD analysis.

a.

Components of the FADEC System. The FADEC system includes, but is not limited to, the EEC, fuel metering unit
(hydromechanical control), sensors (including the throttle or power lever sensor elements), actuators, valves,
alternator and interconnecting electrical harnesses. In some installations, the system may include propeller or
reverse functions; in others it may include ignition elements and other control system components common to
reciprocating engines. The fuel pump is considered part of the fuel system and does not need to be included.

It should be noted that, in keeping with the EPD objective that the engine should be independent from the aircraft,
LOTC credit should generally not be taken in the system model for the use of aircraft power as a backup power
source, unless the FADEC system has been designed to accommodate the interrupts and power transients that can
occur in those systems. For example, if aircraft power interrupts associated with bus transfers between the battery

If, howeverythe FADEC system can

source and other g ngine, LOTC credit for
the use of aircraft|power as a backup power source should not be taken. If, \
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[. A full-up model is one-that models all control system states from full-u
full-up state, generally called the 0" state, at time zero, and as time p
e system through the various fault condition states to the LOTC state. T

The following discussion onvmodeling the control assumep

be taken. When credit
luded as an installation
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that the system is a
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is policy discusses the
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b to LOTC. The model
rogresses, predicts the
hese models represent

fault conditioIs to at least the.first fault level. When only the first fault conditions are mogleled, the model shows
only those sé¢cond fault€onditions that cause the system to transition from a first fau|t condition state to the
LOTC state.| More camplex models show a second fault condition level. These mogdels show the relevant
second fault fonditions that cause the system to transition from a single fault condition gtate to the LOTC state,
as well as dll of.the relevant third fault conditions that cause the model to transitign from a second fault
condition stajete‘the LOTC state A second fault condition level model is much morg complex than a single
fault level modet—ifthereare~mfirst fault states; thereareapproximatety {m=t)second fault condition states.
Therefore, the number of possible states increases considerably when modeling second fault condition states.
It is generally accepted that the modeling of second fault condition states has a small effect on improving the
accuracy of the answer of interest, which is the predicted average LOTC rate. This is because the probability of
two fault conditions occurring in the system in a given time period is much greater than the probability of three
or more fault conditions occurring in that same time period. A conservative assumption for a two fault condition
state model is that all third faults lead to an LOTC state. This assumption does not significantly penalize the
resultant calculation. For that reason the system’s LOTC rate consists primarily of the combinations of two fault
conditions that lead to LOTC events, and not the combinations of three or more faults that lead to LOTC events.
Adding the second fault state generally increases the accuracy of the predicted LOTC rate by less than 5%;
therefore it is acceptable to complete the analysis using a single fault level model. When doing this, the
applicant should provide an analysis to show that the modeling of second fault conditions (fault states in which
two fault conditions exist together without resulting in an LOTC event) has a small effect (less than 5%) on the
predicted LOTC rate. Repair actions can be modeled. The repair actions for given faults or fault categories
should be modeled to occur at specified time intervals. Depending on whether the model is an “open loop” or
“closed loop” model, as discussed in SAE ARP5107, the result of the analysis will be either: (a) the
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()

instantaneous LOTC rate of the control system at any given point in time; or (b) the average LOTC rate of the
system. If an open loop modeling approach is used, the instantaneous LOTC data can be used to determine
the average LOTC rate of the control for the modeled fault repair times. If a closed loop modeling approach is
used, the result is the average LOTC rate for the fault repair times contained in the model. In either case, the
average LOTC rate increases (as expected) with increasing fault repair times. These models are based on
repair scenarios in which the time of occurrence of the fault condition(s) is known. Therefore, the repair times
modeled actually represent the maximum lengths of time (exposure time) that fault conditions are allowed to be
present in the system (before repair is required) and have the system achieve the predicted LOTC rate.

Single-fault Level Model. A single-fault level model is a FADEC system model in which the individual fault
conditions are sequentially assumed to exist in the model at time equal to zero, and only those ensuing fault
conditions involving that first fault and Ieadmg to LOTC events are modeled. Using this modeling approach, the

th
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do not result
to transition fi

single-fault sfate models is much simpler than a full-up model.
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for a given (modeled) repair time. As in the full-up model, the repair timef are actually based on
n the fault occurs. Again, the repair times modeled actually represent the maximum length of time
is allowed to be in the system before repaif’is required and still have the system achieve the
TC rate. If only single-fault conditions~are modeled (that is, the model does not show
of two or more fault conditions that eould exist simultaneously without the system being in the
the applicant should show by analysis that neglecting these higher level states has a small effect
) on the result.

tical models are generally<based on knowing when a given fault occurfed (in-service FADEC
w” when a fault occurs)).the specific time that the faults occur is not fequired to establish a
allows compliance with the time limitations specified in the ALS of the engine ICA. In this case,
S time limitations canbe accomplished using a Periodic Inspection/Repair [Maintenance Approach
s; section 14.b. of this policy discusses this approach.
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data used in the analysis should be supported by service experience or other equivalent data.

service data may be used in place of an acceptable industry source when suitable in-service data is available.
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12. FLEET-WIDE AVERAGE LOTC RATE. The FAA requires that FADEC systems demonstrate an equivalent or better
reliability than the hydromechanical technology of early systems. Based on available in-service data, the FAA, in
coordination with industry, determined that the IFSD rate attributable to the hydromechanical controls used on engines
intended for part 25 transport aircraft applications was approximately ten events per million hours. Therefore, the FAA
requirement has been to demonstrate by analysis that the FADEC system would be chargeable for fewer than or equal to
ten LOTC events per million flight hours. The analysis for TLD must demonstrate that the fleet-wide average LOTC rate
continues to comply with this requirement. The average LOTC rate is the time weighted average of all allowable dispatch
states. The analysis to substantiate compliance with this requirement should be summarized in a graph. The ordinates of
the graph should be in terms of fleet-wide average LOTC caused by the FADEC system per million hours versus the
dispatch time interval in hours. The ordinate of the graph should be extended to show a dispatch time interval of at least
twice the length of time of the long time repair interval being requested. Data should be shown for both the short time
repair interval being requested and twice the length of the short time repair interval being requested. An example of such
a graph is shown in Fig i ispatchable faults. In this
case there would only Qe one data line. An example of this is shown by the ST=LT line in Figure-

13. DISPATCH INTERWMALS. The applicant must submit a TLD analysis that substantiates‘complfance with this policy for
the desired dispatch configurations and dispatch intervals for the four categories, as applicable,|defined in this section.
These four dispatch cafegories are classified as follows:

e No Dispatch

=

e Short Time Dispatc]
e Long Time Dispatch

e Manufacturer/Operator Defined Dispatch

a. Category Definition

U)

(1) No Dispatch.| No dispatch configurations:are those in which the FADEC system has a fault or faults that result
in any of the following:

(@) The pefformance and operation of the engine does not meet its approved type design, which has been
shown [to comply with part‘33 requirements;

(b) The sy$tem has suffered a complete loss of a critical resource or a critical function

*

(c) The syptem dees not have engine overspeed* or a critical limit protection function (applicable when the
control|systenyis providing such a function); or

d The computedtHOFC—rate-of-the—system—{twith-the-fauli{srpresentHs—greaterthad 100 events per million
4 Yy \ \°/ V¥ ] IS)
hours.

*Note: Exhaust Gas Temperature/Inter Turbine Temperature (EGT/ITT) is not considered a critical limit
protection function, even though some engine control systems are configured to provide that function. The
EGT/ITT display is considered sufficient for indication of an over-temperature condition. In addition, a loss of
rotor over-speed protection may not be of major concern in some rotorcraft operations. In practical
applications, such as rescue operations or evacuations from distressed areas, the lack of turbine overspeed
protection may be a lesser concern. In these installations it may be better to have a separate cockpit indication
for loss of the protective function and save the no dispatch indication for conditions in which the control does
not have the resources to provide minimally acceptable engine operation. The phrase “minimally acceptable”
will always generate discussion. The simple question to be answered, in some scenarios, is if there is a greater
risk in staying vs. leaving the area. In difficult situations, the flight crew has to make that decision. In these
particular applications, the failure conditions that initiate a no dispatch indication should be carefully reviewed
and minimized as necessary.
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(2) Short Time Dispatch. Short time dispatch configurations are defined by all of the following:

(@) The system has a fault or faults that do not fall into the no dispatch category;

(b) A fault or faults that cause a significant loss of FADEC system signal redundancy, such as loss of a
channel CPU; and

(c) The computed LOTC occurrence rate with the fault(s) present is less than 100 events per million hours
but greater than 75 events per million hours.

(3) Long Time Dispatch. Long time dispatch configurations are defined by all of the following:

(a) The systerhas-afadit-or-faulis-that-de-retfalHnte-the-ro-dispateh-er-sherttime-dispatch categories; and

(b)  The conputed LOTC rate is less than 75 events per million hours.

(4) ManufactureyOperator Defined Dispatch. This category is for faults that do,not fall int¢ any of the other three
categories (np dispatch, short time dispatch, and long time dispatch), and do'not have an impact on the LOTC
rate. These [faults do not have to be included in the LOTC analysis; however, they should be included in the
TLD report, gnd it should be substantiated that these fault conditionsdo not have an infpact on the LOTC rate.
The repair interval for these faults may be agreed upon betweenthe engine and airdraft manufacturers, the
operators, or|both.

b. Statistical Analysis|Results. Table 3 illustrates the allowed dispatch intervals. The dispatch|intervals for entry level
and mature level HADEC systems have been separated to cansider factors not included in|the statistical analysis.
The statistical analysis is based largely on electronic compenent databases that consider components to be mature.
Because the components are assumed to be mature; only random failures are considergd in these databases.
Failures due to des|gn, manufacturing and quality are notiincluded in the database.

Because system faults attributable to design, mahufacturing, quality and maintenance errors|are not covered by the
statistical analysis, [this document introduces a‘factor related to service experience (see sectlon 13.c. of this policy).
The experience fagtor provides a safety margin for faults in the fleet resulting from latent de¢sign, manufacture and
quality deficiencies| and maintenance errors, because these faults tend to be exposed and |corrected as in-service
time is accumulateq. This safety marginyis addressed by providing more conservative criteria for dispatch intervals for
entry level systems|compared to mature level systems, even though the statistical analysis maly support dispatch for a
longer dispatch intgrval for entry level systems.

c. Margins. The predicted fleet-wide average LOTC rate analysis should comply with the fleet-wide average LOTC rate
criteria at a time equal to,fwo times the long time dispatch interval for which the applicant requests approval. The
predicted LOTC rafe, considering full-up as well as all allowable dispatch conditions, should e equal to or less than
10 events per millipn-hours, assuming short and long time exposure intervals that are twice [as long as those being
requested. The FAA provides this 2:T margin to cover uncertainties in the analysis.

d. Entry Level Systems. A FADEC system is classified as an entry level system if it has less than 250,000 flight hours of
field experience. The applicant may request alleviation from this classification if it has sufficiently similar systems
operating in the field that have accumulated greater than 250,000 flight hours. The FAA will review such an
application on a case-by-case basis. Table 3 gives the maximum exposure time limitations for the short and long time
fault categories for entry level systems.
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Mature Level Systems. For mature level systems, the FAA engine TCHO approves the short and long time dispatch
intervals on a case-by-case basis, depending upon the system, analysis, and service experience. After a FADEC
system has accumulated 250,000 flight hours in-service operation, an applicant may request a change in FADEC
system status from entry level to mature. The applicant must provide data to support this change. The data must
demonstrate that the FADEC system has achieved a stable in-service LOTC rate that is consistent with the analysis
on which TLD approval is based. Derivatives of similar FADEC systems can be considered to be part of a FADEC
family. If the engine TCHO approves, the summation of a family of FADEC systems in-service flight operation times
can be used in the maturity evaluation.

Substantiation Data for Dispatch Levels. The applicant must submit the TLD statistical analysis report to the FAA
engine TCHO. The report must include a tabulation of the various proposed dispatch configurations that provides:
(1) the expected frequency of occurrence of the faults Ieadlng to those dlspatchable conflguratlons and (2) the LOTC
rate of the system when ope hopsen category for each

allows the control
the new fourth cat
also provide a sul
fault(s) that impact

Based on a positive rev
the TCHO may grant a
approval information.

ystem to meet its reliability requirements. The analysis should substantiatg

gory, manufacturer/operator defined faults, do not impact the LOTC.analy
pstantiation or justification, including failure rates, exposure times, and
engine operability, reliability, or durability.

that faults classified in
sis. The analysis must
other assumptions, for

iew of the analysis and data provided in the report and discussions with thg applicant, as required,

pproval for the requested TLD. The FAA-approved ALS' of the engine IC

14. MAINTENANCE
implement the TLD tim

time faults, and the same or different strategy may be used for the fong time faults.
interval must be substgntiated by a TLD statistical analysis that*uses a full-up model, a single-fad

equivalent. Section 9

activities when applyind these strategies.

STRATEGIES. Applicants have proposed the use of two different ma

A\ must include the TLD

ntenance strategies to

limitations. Either strategy or a combination‘of both may be used; one may be used for the short

In either case

this policy discusses system models, " This section discusses the differeng

the approved dispatch
It system model, or the
es in TLD maintenance

a. No Dispatch. Regardless of the maintenance. strategy, there will be non-dispatchable configlirations. The presence

of a no dispatch faplt condition must be indicated in the flight deck by essential equipment.

equipment availabl

b. MEL Maintenance

for every aircraft dispatch.

Approach. When using this maintenance strategy, the fault occurrence

there is a generic fl
interval. For this st
example, if the faul
100 hour period is
however, this is n
Maintenance Appr

ght deck indication of the condition, and the fault must be repaired before {
rategy, the fault exposure time is the time from when the fault occurred to
t conditiof is'indicated and the fault is not repaired until 100 hours after it
the fault-exposure time. The short time fault category is generally handl
ot a tequirement. Short time faults could be addressed with a Per
pach: When using the MEL Maintenance Approach, the presence of 2

Essential equipment is

ime is known because
he end of the approved
vhen it is repaired. For
5 occurrence, the entire
bd using this approach;
odic Inspection/Repair

fault condition in this

category is genera

ty dicated-imtheftightdeckomessentiatequipment so-that theftight o

ew and/or maintenance

personnel can “start the clock” when the fault condition first occurs. This is called the MEL Maintenance Approach
because the flight deck indication is generally apparent to the flight crew; therefore, an MEL entry is needed to allow
dispatch with the fault indication present. Many applications using this approach “start the clock” at midnight on the
day the fault indication occurred; this practice has been reviewed with Flight Standards and is acceptable.

When an MEL Maintenance Approach is used, the item should be listed in the aircraft's MMEL. An operator reflects
that item in its MEL. The MEL Maintenance Approach is generally used for fault conditions that require repair within a
relatively short time period, such as 125 flight hours, although longer time periods, such as 300 flight hours, have
been approved. This approach is not normally used for fault categories in which the allowed dispatch interval is
greater than 300 flight hours. Flight crews must disposition all MEL items before every dispatch because
dispositioning a given MEL item of more than 300 flight hours is burdensome.
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Note: When using the MEL Maintenance Approach, the aircraft's MMEL may not list the specific time period
associated with a given fault category. Instead, the MMEL may reference the ALS of the engine ICA or an engine
manufacturer's document that contains the FAA-approved time limitations. The operator's MEL, however, should
show the specific time period of allowable dispatch. The flight crews need to know the allowable dispatch times; a
reference to a document that is not readily available is not useful.

The aircraft MMEL is developed by the Flight Operations Evaluations Board (FOEB) for a given type design aircraft.
An FAA FS Operations Inspector from the AEG assigned to the aircraft serves as chairperson of this board. The
board is usually made up of FAA airworthiness inspectors for maintenance and operations and an assigned flight test
pilot. The FOEB accepts input from FAA engineering, the aircraft and engine manufacturers, as well as the
operators. Evidence of TLD approval by the part 33 TCHO and the listing of the time limitations in the ALS of the
engine’s ICA, combined with the appropriate generic flight deck indication, is usually sufficient to substantiate the

acceptability of the

Though unlikely in
short time interval.
The “clock” would

remaining channel
second failure that
condition (in this e
indication is usuall
indication that iden
Maintenance persdg
fault. If the date of
certified to the app
the second fault cz
fault condition is
(acceptable to the

the time of the first
short time fault (CH
be repaired within t

Periodic Inspection

esired MMEI qufing However_the FOEB can bhe mare restrictive jf 1hny C
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fault repair. In the above examplé) if there is no suitable media for deternmining when the second

contains the CPU) must

beriodic inspection and
system faults allowed to
normally only applied to
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and the faults found must be repaired within a specified time period |or interval, so that the

ime.ofa fault in a particular category does not exceed the maximum avdrage allowed exposure

ry.~The average exposure time of the system to a fault is simply the averdge length of time that a

fault is present in t
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The following assumption should be used when applying this strategy. If a fault is found during a periodic inspection,
the fault could have occurred at any time throughout the interval; therefore, assume that the fault occurred, on
average, half-way through the interval. This assumption is acceptable when the failure rates for the faults in a
particular category are essentially constant with time, and the periodic inspection interval (in hours) is less than the
mean time between failures (MTBF) of the sum of the failure rates of that particular fault category. If either of these
conditions is not true, the periodic inspection/repair interval should be adjusted accordingly.
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Consider the following example:

A Periodic Inspection/Repair Maintenance Approach is being applied to long time faults, and the limitation relating to
those faults is that they must be repaired within a time period sufficient to ensure that the maximum average exposure
time of the system to the long time fault does not exceed 250 flight hours. With this information, an operator might
arbitrarily establish a task to periodically inspect for long time faults every 400 flight hours. If faults are present when
the system is inspected, the applicant can assume that those faults occured half-way through the interval and are on
average 200 flight hours old. If the maximum average exposure time of the system to these faults must be limited to
250 hours, then faults found during the 400 hour periodic inspection must be repaired within 50 flight hours to meet
the maximum average exposure requirement.

With this approach, the time I|m|tat|on |n the ALS could be met using an inspection perlod that is twice as large as the
maximum allowabl vn in Table 4; the right
columns of the twp columns under the “Short Time Faults” and “Long Time Faults” give,|the maximum periodic
inspection/repair interval. However, if the maximum inspection/repair time is chosen;there would be no time to
schedule the repails of those faults to a future date because the faults found, on average, wquld be at the maximum
average allowable [exposure time limit. The faults found would have to be repaired before the aircraft could be
returned to service] This is why the operators would normally interrogate the systemat a peripdic interval that is less
than the maximum |nspection/repair time.

In the above example, the time limitation for the maximum allowed average exposure time to| faults was assumed to
be 250 flight hours] A maximum inspection/repair time of 500 hours ceuld be used for the inspection/repair interval,
but if a 500 hour inferval is used, all faults found at that inspection wauld have to be repaired before the aircraft could
be returned to seryice. By doing the inspection at a shorter interval (400 hours), any faylts found would be on
average 200 hours old, and the faults would not have to be repaired immediately. An additional 50 flight hours of
operation could bg allowed before the repair of those_faults is required. This exanple results in a total
inspection/repair time of 400 hours for the inspection and ;50 hours for the repair, or 450 hours. This reduces the
maximum inspection/repair time of 500 hours by 50 hours; but is more flexible because faults found do not have to be
repaired immediatel]y; the repair can be scheduled ta.a’more convenient time.

In summary, when [using the Periodic Inspection/Repair Maintenance Approach, inspecting aff a periodic interval less
than the maximum|inspection/repair time allows the repair actions for faults to be deferred fp an appropriate future
date. If the repair ¢f those fault(s) found at inspection is deferred, the faults’ average exposufe time would consist of
half of the inspectipn interval (in hours)\PLUS the operating time between the inspection and when the fault(s) are
repaired. The repair actions must bescheduled so that the faults do not exceed their majimum allowed average
exposure time limit

Maintenance personnel usually defer faults found during an inspection by completing a Non-Routine
Maintenance/Inspeftion Card after the inspection. All faults in the category being inspected |should be listed on the
card in the “DISCRERANCY” field. The following may be used in the “ACTION TAKEN” field: “Deferred in
accordance with th Alrworthmess L|m|tat|ons Section of the engme s ICA, chapter xx, page kx, date xx. Repalrs to
be completed by ca X
system longer than the maximum average allowed exposure time.”

It should be noted that dispatch with these faults is not part of an operator's MEL system. These faults are addressed
as part of the operator’s scheduled maintenance program; an MEL entry for faults being handled in this manner is not
necessary.

If the repair of faults is deferred, maintenance personnel may find new faults during the repair that would not have
been recorded on the last inspection’s Non-Routine Maintenance/Inspection Card. If the date of these new faults can
be “acceptably” determined, their repair can be deferred to a future date by completing a new Non-Routine
Maintenance/Inspection Card. (See the discussion on “Impact of Software Integrity of the Maintenance Computer or
Display Media on the Periodic Inspection/Repair Maintenance Approach” in section 16.c. of this policy.) If the date of
the newly found faults cannot be “acceptably” established, all faults in the subject category must be repaired by the
date established at the previous inspection.
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Faults Found During Non-FADEC System Scheduled Inspections. Invariably, FADEC system fault conditions are
found during other maintenance inspections of the aircraft or engine. How should these faults be addressed? The
recording of these faults is required; maintenance personnel must complete a Non-Routine Maintenance/Inspection
Card for the faults found. This card enters the faults into the operator’s maintenance program system.

The following scenario may occur in service: A short time fault category is being handled using the MEL Maintenance
Approach or the Periodic Inspection/Repair Maintenance Approach. Upon inspecting the aircraft’'s maintenance
system as part of a short time fault related task (or other engine related maintenance activity) maintenance personnel
find the presence of a fault in the long time category. The FAA recommends that the maintenance personnel
complete a Non-Routine Maintenance/Inspection Card for all fault(s) found. The “ACTION TAKEN” field on the card
should indicate that the long time fault would be repaired as if it had been found at the next periodic inspection for this
category. If, when using the Periodic Inspection/Repair Maintenance Approach, a fault is found during other engine
related maintenan v indi i if it had been found at the
next periodic inspegtion for this category.

Examples of Operator Approaches to FADEC System, TLD Related Maintenance., In-serv
have used these mpintenance approaches individually and in combinations. The following ex
used in service:

(1)

ce applications of TLD
hmples are approaches

Some operafors want all FADEC TLD faults except the manufacturer/operator define
placed in thg short time category; they use an MEL item to allow_dispatch with thosg
approved time period). They have a flight deck indication associated with the preserjce of a fault condition.
The flight degk indication is usually a generic indication, such.as a light or message that indicates short time
fault(s) are pfesent. If a previous fault in that category is stilhin existence, successive faults do not generate a
“new” indication.

d dispatch faults to be
faults present (for the

Some operatprs use a combination of the two appreaches. They have an MEL listing f¢
an associated generic flight deck indication of the' presence of a short time fault), a
inspection/repair task for long time faults. The«lohg time faults do not have an associate

Some operafors use two separate periodic inspection/repair tasks to address the sh

@)

r short time faults (with
nd they use a periodic
] flight deck indication.

ort and long time TLD

faults. These|applications have no flight-deck indication associated with the presence ¢f either a short or long

time fault condition.

Whatever approach is used, the time limits associated with short and long time operations mu
ICA for the aircraft] Appendix H._Gf part 25 requires that engine Airworthiness Limitations be
aircraft ALS. Both| Appendix ALto part 33 and Appendix H to part 25 require that the FAA
specify required maintenance under §§43.16, 25.1529, and 91.403, unless the FAA has ag
program. As shown in Table 2, which lists the time limitations associated with short and lon
the following note ghould‘bé included with the ALS entries relating to TLD: “The time limitatio
only be changed wifi-approval of the FAA engine Type Certificate Holding Office.”

5t be integrated into the
included as part of the
approve the ALS and
proved an “alternative”
g time fault categories,
hs specified above may

Engine TLD Limitations Associated with the MEL and Periodic Inspection/Repair Maintenance Approaches. The
engine TLD limitations for short time and long time faults, shown in Table 3, are given in terms of the maximum
exposure times for those faults. Table 4 shows this data for the MEL Maintenance Approach or the Periodic
Inspection/Repair Maintenance Approach.

Extension of Long Time Dispatch Interval. If indicated in the FAA-approved ALS of the engine ICA, the FAA Principal
Maintenance or Avionics Inspector (PMI/PAI) may authorize a temporary extension of the long time dispatch interval
of up to ten percent of the interval, not to exceed fifty hours, to avoid an aircraft-on-ground (AOG) situation. An
example of such an unexpected situation is if the aircraft is diverted because of weather and a revenue flight cannot
be made back to the maintenance base because time has run out on the long time dispatch interval. This extension
is intended to cover unexpected situations, not to routinely extend the approved interval.



https://saenorm.com/api/?name=5c3776f609c385bb454149bf3c9cf1f3

SAE ARP5107 Revision B -77 -

15. SYSTEM REPAIR. When two long time faults combine to yield a short time dispatch category, one of the faults can
be repaired, resulting in an upgrade to a long time dispatch category. This flexibility is not intended to relieve the operator
from repairing the remaining FADEC fault within the approved interval for long time faults. Similarly, when two short time
faults combine to yield a no-dispatch condition, one of the faults may be repaired as long as the remaining short time fault
is repaired within the approved short time fault interval.

16. ENGINE - AIRCRAFT INTERFACE. The FADEC system is required to supply fault status and dispatch information to
the aircraft. This data must satisfy both engine and aircraft dispatch policies. This policy defines the dispatchable
configurations and associated dispatch intervals at an engine level. These configurations and criteria are in accordance
with the certification basis for the engine. However, this engine dispatch policy does not prevent the ACO from imposing

more restrictive aircraft

a. FADEC System So

dispatch criteria if necessary.

of the engine ALS.
the FADEC system

Changing the fault
with software updd
requirements valid
constitutes approva
changes to the AL
approved TLD reqg
manufacturer shou
should coordinate t

When an engine m
manufacturer modif

(1)
()

FADEC syste

Time limits a
indicate if the
or Periodic In
manner that
Approach to

The engine TCHO must review and approve proposed changes to TLD
software that affect TLD operations must be coordinated as follows:

classifications by adding faults or modifying a given fault category-should
tes to the EEC. The engine TCHO must review and appreve these ¢
ption in the software process. TCHO approval and ingorporation of
| of the TLD fault classification change. Changes in fault classification n
S; however, they will always require a change to the)engine manufactd
ort does not support the classification in a less<restrictive dispatch
d coordinate changes to the TLD basis with the aircraft manufacturer. Th
he changes with the responsible ACO.

anufacturer obtains TLD approval for the engine’s FADEC system, the FA
y the engine’s Installation Instructions to;include the following information:

m fault information relating to TLD;

ssociated with the various,-dispatch allowed, fault categories. The time li
engine manufacturer assumes a given fault maintenance strategy (MEL
spection/Repair Maintenance Approach). The time limits information cou
allows the installer\{and operator) to choose either the MEL or Per
hddress FADEC system short time and long time fault maintenance; and

The certifica
ground supp
to TLD opera

If information relati

Instructions, the Instalfation Instructions shou

on of and &jreference to the associated maintenance requirements relati
rt equipment used to store and display fault information and/or FADEC sy
ions.,Section 16.c. of this policy provides information on associated maint

@710 TLD fault categories and time limits is included in documents oth

atch information is part
imitations. Changes to

be done in conjunction
hanges as part of the
the software change
nay or may not require
rer's TLD report if the
category. The engine
e aircraft manufacturer

A recommends that the

mits information should
Maintenance Approach
d also be provided in a
odic Inspection/Repair

g to engine, aircraft or
stem messages related
bnance requirements.

er than the Installation

rererence those documents.

The FAA also recommends that the engine manufacturer reference the FAA Transport Aircraft Directorate Part 25
Policy Letter, TAD-95-001, dated February 22, 1995, in the engine Installation Instructions or other appropriate
documents. The policy discusses the use of an aircraft central maintenance computer (CMC) as the sole means of
completing FADEC system maintenance and the certification requirements applying to such a system.

The engine manufacturer may not know the specific applications for the engine at the time of engine certification.
Therefore, the engine Installation Instructions should recommend a meeting between the engine and aircraft
certification authorities, the AEG, and the engine and aircraft manufacturers. This meeting would be held when the
installer chooses the engine and the engine is approved for TLD operations. The meeting would determine if the
aircraft manufacturer’s approach for complying with this TLD policy is acceptable.
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b. Software for FADEC System Fault Messages and Displays.

(1) FADEC system “no dispatch” indications must be provided in the aircraft’s flight deck by
every dispatch.
assurance level equivalent to DO-178B, level A if subsequent operation of the aircraft

catastrophe, or level B otherwise.

2)
system used to show that the FADEC system has those faults present (for which MEL
be provided on essential equipment.
development assurance level equivalent to DO-178B, level C.

When the MEL Maintenance Approach is used for either short time or long time faults,

equipment available for

If that display equipment involves the use of software, that software must have a development

could lead directly to a

the flight deck display
relief is provided) must

If that equipment involves the use of software, the software must have a

(3) If a generic

to show that
both) is being
must be disp)
have a deve

detailed fault

hessage T~ rhehlg\/nri h\/ an aircraft avionics e\lefnm or-other media involy
J

the FADEC system has either short time or Iong t|me faults present, ‘an

addressed with a Periodic Inspection/Repair Maintenance Approach; the
ayed on essential equipment. If that equipment involves the usg of Softy
opment assurance level equivalent to DO-178B, level C. (This-does n
information, discussed in paragraph c. of this section.)

Integrity on the Periodic Inspection/Repair Maintenarce Approach. W
aintenance Approach, engine and aircraft manufactufers and operators hg
ed to store and/or display information concerning{FADEC system fault
questions focus on the software assurance leyelused for the aircraft's C
ys a generic FADEC system fault message and the associated FADEC sys

Impact of Softwarg
Inspection/Repair
about the media u
information. Thes
stores and/or displ

FAA Policy Letter TAD-95-001 requires that the media used to store and display maintenanc
systems, such as HADEC systems, must have“a.software assurance level equivalent to DO-1
designers indicate [that this could have a significant cost impact on developing many of the
systems. Due to tHis, some applicants have ‘pursued the approach of FADEC systems report
(and short time, if applicable) fault present” message(s). The details of the particular fault(s)
media such as a dymb display (a display not driven by software).

This display may b
the FADEC syste

either conpected directly to the FADEC system data buses or it may util
that ensures the integrity of the displayed information. However, if the
generic message uses seftware, that software must have adequate software integrity. If this
the FADEC systen) could/feport faults, and the maintenance personnel could inspect for fa

ng the use of software,
J that category (one or
n that generic message
are, the software must
pt necessarily apply to

hen using the Periodic
ve had many questions
5 and how to use that
MC or other device that
tem fault information.

or light indicating that
ctory level of software

b information for critical
78B, level C. Software
current complex CMC
ng a generic “long time
could be reported by a

ze a “hand shake” with
media that displays the
requirement is not met,
Lilts, but the faults may
bve adequate software

never be found bgcause the deV|ce that stores and dlsplays that |nformat|on does not h
integrity. Therefore, 1 ne 1m NS T
software integrity in the engine Installation Instructlons

uirement for adequate

Detailed Fault Information. Maintenance personnel need detailed information about the particular fault(s) present to
perform repairs. The following example illustrates the difference between systems that do and do not have adequate

software integrity:
Example:

A TLD time limit for the average exposure of the FADEC system to faults in a particular catego
periodic inspection at 200 hours is used to find the faults.

ry is 300 flight hours. A

If faults are found, they are on average 100 flight hours old.

Maintenance personnel then schedule their repair within the next 200 flight hours at the next inspection/repair

interval. At the time of the repair they confirm that the repair was completed. When

confirming the repair,

maintenance personnel could find a “new” fault in the particular category being worked. Does this new fault have to
be repaired immediately, or can the repair be deferred until the next periodic inspection/repair activity?
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(1)  When the system that stores and displays the details of the particular faults causing the generic fault indication
or message has adequate software integrity, the new fault does not have to be repaired immediately. Repair of
the new fault can be deferred until the next periodic inspection/repair activity. This allows inspections and
repairs to be completed on a continuous cycle. Faults found at the last inspection/repair activity are repaired
during the next periodic inspection/repair activity; any new faults found can be scheduled for repair during the
subsequent periodic inspection/repair activity.

Using this approach, if the inspection/repair interval is equal to or less than 2/3 of the maximum allowed
average exposure time limit, the average length of time that a fault would be present in the system before repair
would be equal to or less than the maximum allowed average exposure time specified for those faults. In this
scenario, the system never has to be “cleared” of all faults in a particular category at a particular time. There
could always be a fault in the system, and it would be acceptable.

(2) A concern ar|ses when the system that stores and displays the details of particular faultg that cause the generic
fault indicatign or message does not have adequate software integrity. In this\situgation, the maintenance
reporting sysfem may not be storing and/or displaying one or more faults in a patticulgdr category; those faults
could be pregent in the system, and maintenance personnel would not be aware that there are faults needing
repair. In this case, maintenance personnel can still use an overlapping ‘inspectign/repair approach, but
another requirement is added.

Maintenance personnel must bring the system full-up with respect to all<faults in a particular |category, at an interval
that does not excegd twice the maximum allowed average exposure time for those category faults. This can be done,
even though the maintenance reporting system(s) for the fault details: may not record and/of display some detailed
fault information properly, because the media used to display a generic message for a fault in[a particular category is
an essential display and has adequate software integrity. ThisSis the reason that a generid indication or message
must be displayed| on essential equipment. If there is a.\generic message for a fault category and the aircraft
maintenance systgm does not have details of the fault>condition(s), maintenance personnel will start changing
components to eliminate the generic fault message. ~The instructions in the engine maint¢nance manual (and, if
appropriate, the aifcraft maintenance manual) must.indicate that the aircraft cannot be returned to service until the
FADEC system faults causing the generic fault message are repaired, and the generic indication or fault message is
no longer displayed.

In-Flight Faults. S¢me faults or fault conditions may only occur in-flight. If this is the case, the engine maintenance
manual instructiongy should indicate that; regardless of whether these faults are in a category|addressed by the MEL
Approach or an Inspection/Repair Appfoach, it is to the operator's advantage to begin th¢ repair of these faults
several flight hourg before the end.of the interval. This will allow several flights to be cdmpleted and will allow
maintenance to ver|fy that theirfepair actions have been successful before the end of the apprpved exposure interval.

Example:

Using an inspectign/repair maintenance approach to address long time (LT) faults, assume that the maximum
average exposure {ime timitis 500 fliight hours. tmthis tase the systemmustbe ciearedof all LT faults within a time
interval that does not exceed 1000 flight hours. To meet this requirement, the operators should begin the inspection
and repair of LT faults at a shorter interval, such as 800 flight hours. After repair actions are taken, the system can
complete several flights and be re-inspected to ensure that there are no in-flight LT faults present in the system at the
1000 flight hour point.

Configuring the FADEC. Figure 2 shows typical aircraft system configurations involving the aircraft's engine
indicating and crew alerting system (EICAS), which may or may not include a multi-function display or maintenance
page. It also shows a typical CMC system, which may or may not receive FADEC maintenance data. The following
information may be helpful for configuring the FADEC when applying the Periodic Inspection/Repair Maintenance
Approach.
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17.

®)

REPORTING SYSTEM.

The display media for indicating the presence of FADEC inspection/repair category faults must have adequate
software integrity. (See section 5 of this policy for the definition of “adequate software integrity.”)

If a generic type message is shown on a multi-function display or maintenance page of EICAS and the CMC
does not have adequate software integrity, the information for the generic message must be transmitted
through EICAS (shown as a solid line in Figure 2) or directly from the FADEC EEC units (shown as dashed
lines in Figure 2).

If the generic type message is displayed on a laptop, the laptop’s processing and/or display of that information
must have a software assurance level equivalent to DO 178B, level C. Figure 2 illustrates this as well.

If detailed fault |nformat|on is displayed on a media, |nclud|ng the data path to that media, that does not have

‘ S ggory without exceeding
the maximu allowed average exposure tlme for those category faults (Th|s is done by making the necessary
repairs until the generic fault message, which shows that there are still faults present; is|no longer displayed. If
software is involved in the display of the generic fault message, that software must be |[developed in a manner
equivalent to|DO-178B, level C standards.)

If the detailed fault information is displayed on a media, including the data path to thaf media, that does have
adequate software integrity, those new faults found during the periedic inspection/repair maintenance activity
do not have fo be repaired in this period. They may be repairediat a future date, prqvided that the average
exposure time of all faults does not exceed the approved maximum average exposur¢ time for that group of
faults.

General Reporting |Requirements. The applicant must institute a formal, auditable reporting $ystem that will provide

approval for the applicant’'s engine. Failure to mainhfain the required reporting system codld affect the continued

periodic reports th}t will be available to the FAA engines\TCHO. The reporting system is a requirement for the TLD

approval of TLD. The FAA will use the reported data-to assure that the in-service reliability of the FADEC is consistent
with the analysis oh which the TLD approval.issbased. The reporting system should also pfovide the FAA with an
early warning of gomponent trend failures.\“'The applicant's TLD performance will be réviewed periodically to
determine if the reporting system should be modified. Also, the FAA will determine through the periodic review(s) if

corrective action relating to TLD, such as adjusting dispatch intervals, is required.

Report Contents. The reports must.include the following:

(1)

(2)

A plot of three and twelve month rolling averages of LOTC events per million houfs versus accumulated
FADEC system hours;

An assessmegnt of the FADEC reliability versus that predicted by the TLD analysis. The assessment should
cover the report period and the enfire period since Initiation of TLD. The assessment should also consider
individual component failure rates and other assumptions used in the statistical analysis, for continued validity.

In addition, the assessment should report any unpredicted component failure modes or effects and any recurring
problems with detecting, isolating, and repairing faults within the required interval. Items b.(1) and b.(2) may be
simplified when a system reaches maturity and the in-service data has substantiated the accuracy of the system
model and the results of the statistical analysis.

Problem Reporting. The applicant should inform the FAA engine TCHO, as soon as practicable, of potential in-

service airworthiness concerns resulting from design, manufacturing, quality or maintenance errors that may affect
FADEC system operation or reliability. This information should be transmitted to the FAA even if LOTC rates are not
currently affected. This does not change or affect the obligation of type certificate holders or operators to report in-
service problems under the CFR.
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d. Reporting System Life. Since the factors of concern are not necessarily time dependent, the reporting system for a
given FADEC system will be continued as long as the TLD operations are in use. For mature FADEC systems, the
frequency of the reporting may be reduced if approved by the TCHO.

Original signed by JJP on 6/29/01
Jay J. Pardee
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TABLE 1 - TLD APPROVAL

APPROVAL ORGANIZATION/GROUP

Engine Flight Standards — Flight Standards —
Certification Aircraft Evaluation Field Inspectors
Office Group (AEG) (Principle Maintenance
Inspectors (PMI),
Principle Avionics
Inspector (PAl),
Principle-Operations
Inspector(HOI))
MMEL and/or MEL and/or|Operator’s
Documentgtion ICA and TLD Maintenance Review Maintenancg Plan
Analysis Report as Board Report entries entries relatjng to TLD.
====> part of engine relating to TLD. (Entries myst be
certification (Entries must be compliant wjith TLD
compliant with TLD limitations as given in
Limitations as given.in engine ICAS.)
engine ICAs.)
Part 121 &|135
Operators N/A v v
Part 91 Opkrators N/A N/A™ N/A ™

h Compliance with the g

ngine ICAs is an Operator responsibility under Part 91 Operations.
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TABLE 2 - TYPICAL ALS ENTRY FOR TLD LIMITATIONS

TASK 05-XX-XX-XXX
This page block gives the FAA-approved time limits to operate this engine (identify engine manufacturer and

model) with control system faults present. These limits are also defined in engine report (identify report number
and date), the Engine Control System Time-Limited-Dispatch report.

(AB‘ER#GET%%B‘B&P@SURE%ME@HHES*S*EM*@*HESE FAULTS
MUST BE LIMITED TO (insert XXX) FLIGHT HOURS.

N
(a
(b
is
fa

Fault Category | Operational Limitation

NO DISPATCH NOT ALLOWED WITH THIS CONDITION PRESENT.

DISPATCH Note 1: There must be a flight deck display of the presence of a no dispatch condition.
FAULTS

SHORT TIME | DISPATCH IS ALLOWED WITH SHORT TIME FAULTS PRESENT. THE MAXIMUM
FAULTS

pte 2: All faults in this short time category must be corrected withir-a time ¢
) each fault in the group does not have an exposure time greaterhan (inse
) the average exposure time for short time faults does not excéed (insert X
noted that the time limitations contained herein with respectto short time F
LIts may only be changed with approval of the FAA engifie TCHO.

If an MEL Maintenance Approach is used for this.fault category, there shot
appropriate generic flight deck display of the presence of a short time fault

If a Periodic Inspection/Repair Maintenance Approach is used, the system
inspected for short time faults at an interval, such that if faults are found, th
so that the average length of time that'a/fault is present in the system (ave
time) does not exceed the specified (insert XXX) hour limitation.

eriod, such that

rt XXX) hours, OR
KX) hours. Also, it
ADEC system

Id be an
condition(s).

should be
ey can be repaired
age exposure
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TABLE 2 - TYPICAL ALS ENTRY FOR TLD LIMITATIONS (CONTINUED)

LONG DISPATCH IS ALLOWED WITH LONG TIME FAULTS PRESENT. THE MAXIMUM
TIME (AVERAGE - IF APPLICABLE) EXPOSURE TIME OF THE SYSTEM TO THESE FAULTS
FAULTS MUST BE LIMITED TO (insert YYY) FLIGHT HOURS.

Note 3: All faults in this long time category must be corrected within a time period, such that (a)
each fault in the group does not have an exposure time greater than (insert YYY) hours, OR (b)
the average exposure time for long time faults does not exceed (insert YYY) hours. Also, it is
noted that the time limitations contained herein with respect to long time FADEC system faults
may only be changed with approval of the FAA engine TCHO.

o If an MEL Maintenance Approach is used for this fault category, there should be an
appropriate generic flight deck display of the presence of a long time fault gondition(s).

If a Periodic Inspection/Repair Maintenance Approach is used, the system should be

inspected for long time faults at an interval, such that if faults are' found, thgy can be repaired
so that the average length of time that a fault is present in the system (i.e., pverage exposure
time) does not exceed the specified (insert YYY) hour lirhitation.

Note 4: The FAA Hrincipal Maintenance or Avionics Inspector may approve an extension, not o exceed 50 flight
hours, to the long time dispatch limitation if repairs cannot be made duefo extenuating circumstances.

Note 5: The applicpnt to add the following words here: “THE TIMELIMITATIONS SPECIFIED|JABOVE MAY
ONLY BE CHANGED WITH THE APPROVAL OF THE FAA ENGINE TYPE CERTIFICATE HOLDING OFFICE.”
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