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1. SCOPE:

The purpose of this SAE Aerospace Information Report (AIR) is to present a quantitative
approach for evaluating the performance and capabilities of an Engine Monitoring System
(EMS). The value of such a methodology is in providing a systematic means to accomplish
the following:

1. Determine the impact of an EMS on key engine supportability indices such as Fault
Detection Rate, Fault Isolation Rate, Mean Time to Diagnose, In-flight Shutdowns
(IFSD), Mission Aborts, and Unscheduled Engine Removals (UERS).

2. Facilitate trade studies during the design process in order to compare performance
versus cost for various EMS design strategies, and

3. Define a “common language” for specifying EMS requirements and the design features
of an EMS in order to reduce ambiguity and, therefore, enhance consistency between
specification and implementation.

The techniques used for this methodology borrow from those used for testability analysis
and are modified to apply to the unigque aircraft supportability definitions in item 1 above.
While the discussion and examples in this document focus on aircraft engines and their
components, the methods and terms in this AIR are applicable to other systems. For
example starting systems can be considered to be within the scope of the document.

It will be noted that many of the terms and measures used in the document reflect a military
bias. It is anticipated that the methods described will either apply directly to commercial
aviation measures or can be readily adapted.

2. REFERENCES:

2.1 Related Publication:

The following publication is provided for information purposes only and is not a required
part of this SAE Aerospace Technical Report.

2.1.1 SAE Publication: Available from SAE, 400 Commonwealth Drive, Warrendale, PA
15096-0001.

AIR1872 Guide to Life Usage Monitoring and Parts Management for Aircraft
Gas Turbine Engines
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3. DEFINITION OF TERMS:

The following set of definitions provides the framework for building the analytical
methodology. Many of the following engine supportability terms are well known and whose
definitions are generally accepted throughout the industry; however, others are used
frequently but lack specificity. In order to enforce standardization these latter terms are
given specific definitions for this methodology and a few others have been created to
implement concepts attendant to the purposes of this document.

EMBEDDED SYSTEM: EMS features that are on-board the aircraft and perform their
functions automatically. The “complete” EMS may be embedded in a single “box” or the
system may be distributed among several components that are either on the engine or the
aircraft.

EMS: The set of features and capabilities that is allocated for detection and isolation of
component failures and monitoring of engine health and usage. An EMS can refer strictly to
those automatic features incorporated into embedded electronics or it may include all means
used to detect and isolate failures including ground support equipment, personnel and
procedures. Forthe purposes of this AIR, EMS will refer specifically to those features that
have been included in the engine (or aircraft) and ground station to aid in detection and
isolation of engine component failure, performance deterioration, abnormal engine operation
as well as usage. These functions, therefore, may be included in “on-board” equipment as
well as ground processing computers.

EMS SCOPE: The subset of engine functions, components, modules, etc. that the EMS is
intended to monitor and support. For example the evaluation of EMS performance may be
for the entire engine or it may only address those components that interface with a digital
control. The EMS scope defines the components and, therefore, the associated failures that
the system will be required to address and against which its performance is measured.

FAILURE RATE: The rate at which an engine component fails to perform its proper
function. Expressed in events/million engine flight hours.

FALSE ALARM RATE: This parameter measures the rate at which the EMS “detects”
events that are not actual engine problems. This may be caused by several problems;
however, flawed EMS logic and lack of understanding of actual engine behavior are chief
among them. The EMS is held responsible only for those events and failure modes that it
was designed to detect and/or isolate. This can be expressed as a percentage of total
detected events or a true rate based on total flight hours.

FDR% FAULT DETECTION RATE. Percentage of engine/component faults occurring within
the EMS Scope that the EMS is able to detect.

Documents

Document Sharing Hub

Full document details: SAE AIR4985A


http://www.avadocuments.com/doc/sae-air4985a
http://www.avadocuments.com/doc/sae-air4985a

SAE INTERNATIONAL AIR4985™A 4 OF 21

3. (Continued):

FIR% FAULT ISOLATION RATE: The percentage of engine/component failures occurring
within the EMS Scope that the EMS is able to unambiguously isolate to a single component
or module. A component or system may have several modes of failure; the FIR% will
address all failure modes of all components within the EMS scope. Although an EMS may
be given target rates for both unambiguous and ambiguous categories, in this document
FIR% will address only unambiguous fault isolation. In general an ambiguous fault isolation
group would include only two, or perhaps three, specific components.

FLIGHT DELAY: Commercial aviation term referring to equipment-caused departure delay
exceeding a specified time threshold. Delays are generally expressed as a rate
{Delays/1000 flight hours or Delays/1000 Flight Legs). VWhile this AIR does not address
specifically how an EMS may impact Flight Delays, the same approach used for Mission
Aborts (or Air Turn Back) and In-flight Shutdowns can be applied.

FMECA - FAILURE MODES, EFFECTS AND CRITICALITY ANALYSIS: A reliability
engineering process that results in a document which identifies all failure modes for defined
engine components and allocates a failure rate to each. The failure rate generally includes
both inherent (hatural failure modes) and induced (caused by other effects such as improper
maintenance, foreign object damage, etc.) rates. The potential effects of each failure are
also documented. The overall failure rate of the engine as well as identification of critical
failure modes is provided by the FMECA. The FMECA is the basis of establishing the failure
modes (and associated rates of occurrence) that the EMS must address.

GROUND STATION: The system that performs the EMS functions that are allocated to
ground computation and analysis. Generally the ground station is a computer or computer
system with specialized software for performing its functions. The source of data for a
ground station will be some form of data transfer media from the embedded portion of the
EMS.

IN-FLIGHT SHUTDOWN (IFSD) RATE: The rate at which engine failures result in shutting
an engine down while the aircraft is in flight, whether it is done by the pilot, the control
system or because of an inability to operate. Expressed in events/miillion (or
events/thousand) engine flight hours.

MISSION ABORT (MA) RATE: Rate at which engine failures, either inherent or induced,
cause a mission to terminate prematurely. Expressed in events/million flight hours. MA is a
military term. The commercial aviation industry uses Air Turn Backs (ATB) and Rejected
Takeoffs (RTO).

MTTD - MEAN TIME TO DIAGNOSE: For all component failures within the EMS scope the
average failure rate weighted time required by a maintenance crew to isolate or diagnose
the cause of the failure symptoms. An EMS that focuses on improving troubleshooting will
drive the MTTD down. Expressed in minutes or hours.
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3. (Continued):

PROGNOSTICS: EMS functions that address the detection and/or isolation of future
component failures, degradation, etc. before that failure or deterioration causes the engine
to fail to adequately perform its intended function. An example of this is a lubrication oil
debris monitor that checks for the presence of debris from failing bearings or other
components in the oil. The component may continue to operate satisfactorily for many
hours, yet the debris, characterized by elemental analysis, indicates that complete failure
may occur at some point in the future. While this document does not address prognostics
as a separate EMS function, the techniques and methods defined in this AIR and applied to
Fault Detection/Isolation are equally applicable to prognostics.

SVR - SHOP VISIT RATE: The rate at which engines are removed from the aircraft to have
unscheduled and scheduled maintenance performed. Expressed in visits/thousand flight
hours.

UER - UNSCHEDULED ENGINE REMOVAL: Any unplanned removal of an engine from an
aircraft for either engine caused or non-engine caused engine failures/conditions.
Expressed in events per thousand engine flight hours.

4. UNDERSTANDING THE EMS IMPACT ON SUPPORTABILITY MEASURES:

An EMS can potentially improve several of the “bottom line” supportability measures of an
engine. The methodology presented in this AIR is a design (and specification) tool that
enables a systematic assessment of this impact. The performance requirements for an
EMS may be expressed in many ways; however, impact on supportability parameters is
perhaps the most frequently used. Understanding how an EMS can affect these measures
and how to gquantitatively assess this impact is the objective of this AIR. The following
paragraphs describe, qualitatively, how this impact and its attendant benefits may be
realized. A gquantitative definition of these concepts follows.

4.1 Fault Detection Rate and Fault Isolation Rate;

One of the primary objectives of an EMS is to provide information that improves fault
detection and isolation accuracy. A well designed EMS can significantly reduce the
number of components that are removed and returned for repair when, in fact, nothing is
wrong with them; terms describing this condition are No Fault Found (NFF), Retest OK
(RTOK) and Cannot Duplicate (CND). Improvements in the NFF rate are difficult to
guantify, consequently no provision is included in the methodology of this AIR to take
credit for this capability. However, while not quantified, good fault isolation will reduce
unnecessary maintenance as well as maintenance induced events. Additionally, the EMS
has the potential to reduce spare parts inventories and the costs associated with returning
good components to Original Equipment Manufacturers (OEM) or depot facilities for
testing and repair. The greatest improvements in fault detection and isolation rates are
realized when an EMS detects and isolates those engine failure modes or effects that
occur most frequently (i.e., have the highest failure rate).
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4.2 Mean Time to Diagnose:

By improving the Fault Detection and Isolation rates an EMS can reduce the amount of
troubleshooting required to identify faulty components or other engine anomalies; this
reduction in troubleshooting time translates directly to a lowering of the engine’'s MTTD.
An EMS design which is targeted at decreasing the MTTD would focus on fault isolating
those failure modes which require significant troubleshooting, both from the point of view
of frequency of occurrence as well as troubleshooting complexity.

4.3 In-Flight Shut Downs and Mission Aborts:

Some component failures that drive the IFSD and Mission Abort rates may have incipient
failure modes that can be detected, but do not initially cause an IFSD or MA. An EMS
designed to detect these early failure symptoms has the potential to reduce the IFSD and
MA rates of the engine. An example of this is a lubrication debris detection system:;
particles generated by certain failure modes of engine bearings can be detected many
hours before actual failure. While detection of this form does not preclude maintenance it
cah eliminate the MA or IFSD impact of the failure as well as the degree of maintenance
that may be required if complete failure had occurred. An EMS that is designed to reduce
IFSDs and MAs must be designed to detect those incipient failure modes associated with
components or subsystems whose complete failure can precipitate these events. The
predicted IFSD and MA rates can then be adjusted based on the ability of the EMS to
provide early detection and thus avoid these incidents. In some cases an IFSD or MA can
result from signal failures which are not due to physical damage, but which deceive the
crew into believing that a mechanical problem exists that demands an engine shutdown or
abort. For example an oil pressure transmitter may fail to indicate any pressure, the pilot
would need to secure the engine even though the engine in actuality is operating normally.

4.4 Unscheduled Engine Removals and Shop Visit Rate:

In general the SVR is the sum of the UER rate plus the scheduled engine removal rate.
The UER rate can be reduced if the EMS is able to detect engine or component failures
before they drive an engine “off-wing”. Detection of early symptoms of failure can
significantly reduce the cost of secondary damage. If a proghosis of a future event is
presented, and results in a scheduled removal prior to failure, then a UER is converted to
a planned shop visit, and secondary damage avoided. In fact, the reduction in secondary
damage is the single largest element of savings provided by an EMS. Another EMS
feature that improves the SVR is usage monitoring (reference AIR1872). Usage
monitoring of life-limited components makes it possible to keep such parts on-wing longer
because precise tracking of the life used avoids the excessive conservatism that would
otherwise be required if part usage is tracked by gross measurements such as hours. The
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