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1. SCOPE

SAE Aerospace Information Report (AIR) 4061 provides best practice guidelines for the integration of Engine Health
Management (EHM) system functions within aircraft systems to include both its main engine(s) and any Auxiliary Power
Unit(s) (APU). This document provides an overview of some of the functions EHM typically integrates, offers some system
variations encountered with different aircraft, and suggests general considerations involved with integration. It presents a
sample EHM parameter coverage matrix to show the types of parameters with which a typical EHM system might
interface, offers insight into signal and data processing and retrieval, and offers a view of typical EHM parameter
requirements by function. Where practical, this document delineates between military and commercial practices.

1.1 Purpose

This AIR provides guidelines for the integration of engine health management system functions with other aircraft systems
and subsystems. It supplements ARP1587 by providing additional guidance on best practices for

eneral EHM functional
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designers by offering g
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AIR4986

ARPS5293

AIR®317

AS5391

ASH392

AS5394

AS5395

2.2 GLOSSARY

ACARS

AD

AR

AIRCOM

APU

ARINC

ARP

BITE

CAS

CDP

CRC

CRT

D/A

ECU

EGT

EMI

EHM

EPR

ERFE

Engine Electrostatic Gas Path Monitoring

Safety Considerations for Lasers Projected in the Navigable Airspace

A Guide to APU Health Management

Health and Usage Monitoring System Accelerometer Interface Specification

Health and Usage Monitoring System, Rotational System Indexing Sensor Specification
Health and Usage Monitoring System, Advanced Multipoint Interface - Specification

Health and Usage Monitoring System, Data Interchange Specification

ARING Communication Addressing and Reporting System
Analog to Digital

Aerospace Information Report

Air to ¢sround Communication

Auxiligry Power Unit

Aeronautical Radio, Inc.

Aerospace Recommended Practice

Built-in Test Equipment

Calibrated Air Speed

Compiessocr Dischargedor-Delivery) Pressure
Cyeclic [Redundancy2Check

Cathodgle Ray Tube

Digital|t6-Analog

Engine Control Unit

Exhaust Gas Temperature
Electromagnetic Interference
Engine Health Management
Engine Pressure Ratio

External Radio Frequency Environment - High Energy Radio Frequency
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Engine Health Manag
associated with both
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usage of life-limited pants. This information is then used to provide operational maintenance decisid
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interferences, power re
aircraft-mounted hard

expected to stretch the

The continued technol

DUCTION

ement is a term that has more recently been adopted to cover the d
he engine’s health and the engine’s usage. From hardware to software
the principal functions of enging-health management are to assess enging
iagnostics, gathering data fortrending and performance analysis, and gathg

ngine variables which“are primarily sensed for other purposes (e.g., engin
Hitional parameters)incorporated specifically for engine health monitoring.
systems is dependent on several influencing factors including communi

are, can.be)found both in-service and/or under development. Over time, fu
boundaries even more.

bgicgl growth in the area of digital systems and data buses serves to pro
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GMT Greenwich Mean Time
HFP High Pressure
IAS Indicated Air Speed
LRU Line Replaceable Unit
MRO Maintenance Repair Operations
PLA Power Lever Angle
RAM Random Access Memory
RPM Revolutions Per Minute
SAT Static Air Temperature
S/O Shutof
TAT Total Air Temperature
TLA Throttle Lever Angle
T/R Thrust[Reverser

verall system aspects
and from diagnostics
condition by gathering
ring data to assess life
n support.

e control or flight deck
Integrating EHM within
ation networks, signal

quirements{etc. A number of different solutions and levels of sharing, bgtween the engine and

ther developments are

ide cost benefits when

adding engine health

omtorng capabiity through partiat or totat ntegration with other on-poar

systems. Ulilization of

such digital and data technologies within the integration of EHM functions should result in fewer Line Replaceable Units
(LRUs), reduced design, implementation, and Maintenance and Repair Operations (MRO) costs, and lower weight.
Additional drivers to consider during the aircraft level integration of digital EHM system architectures include:

a.

b.

Data transmission capabilities for the network
Data storage environmental conditions and capabilities insidefoutside controlled environments

Technoelogy readiness of the planned implementation solution

Data segregations between flight critical information and pure health management information (data)
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A growing trend has been to perform as much signal conditioning of engine parameters as possible on the engine or at
the sensor to reduce the number of wires within the engine/airframe interface. Engine mounted controllers, for example a
FADEC, represents an on-engine integration solution.

Retrofit of engine health management capability into an existing vehicle has its own limitations. This should not deter the
designer from investigating these possibilities. Functional integration may indeed be the only hope for implementing some
level of engine health management in a cost-effective manner, for EHM offers the users a variety of other benefits and
opportunities to better manage their aircraft. The job of the EHM system integrator is to determine the optimum
architecture that meets the system’'s goals.

Figure 1 shows the Engine Health Management functions, as represented in the circles of the functional flow diagram. It
provides a general description of the interfaces, represented by the diagrams arrows, between the aircraft and
engine/APU functions. Also included are some functional growth areas for EHM. Other SAE documents, found in the
reference section above, may contain further details of EHM as it applies to specific equipment. For example, SAE

Document AIRS317 Gl
are detailed in this AIR]

Figure 2 illustrates pos
AlR that discuss the inf]
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A thorough analysis of this kind would create a good foundation for the selection of the appropriate sensors and analytics
that will form the elements of a beneficial EHM system.

Following the creation of the cost benefit analysis, the development and documentation of User Requirements will guide
the design and development of the propulsion health management system. A systematic approach is essential for
effective management of the integration process. From the propulsion health management system user requirements
document and the available documents of candidate on-board systems, a list of potential function assignments for these
systems is identified.

A Systems Engineering approach is recommended for effective integration of the EHM system with other on-board
systems. The systems engineering approach will draw from the user requirements to create the operational and functional
requirements for the EHM system. The operational and functional allocation of the EHM system shall be structured to
maintain the criticality of all interfacing systems and subsystems. When integrated into the propulsion system, the EHM
system shall be considered part of the propulsion subsystem. The criticality allocation for the health management system

shall take into consider
with cockpit displays, ¢
accorded to the criticali

The user requirementd
establish a list of suppd
that the EHM system
combination of functior
allocation of functions 1
system interface contro

4.2  Functional Intera

A basic guideline is

aircraft/propulsion sysfems should not adversely affect thé-aircraft and propulsion system d

management system b
it interfaces. Special c(
interfaces. The aircraf
maintenance of the sys
to a lower integrity syst
but benign state of the
the original high integr
Redundancy Check (C
be studied.

4.3 Isolation

Safety considerations

ation its eventual utilization for maintenance. Where the health manageme
bntrols or other systems and/or has implications for dispatch, appropriate~g
y assignment. Early deliberation with the qualifying entity is encouraged!

must define the use of the propulsion health management gystem. Th
rting functions. Normal engineering design and development practices shall
maintains the required integrity and security of the data’ acquired an
al requirements and integrity/security design practices™will guide physical
0 various systems. These decisions are to be well documented, for examp
documents or systems description document.

Ctions
that the functional interactions of thel‘propulsion health managemer

bundaries shall be established with @ppropriate consideration for all the aircr
nsideration shall be given to maintaining the criticality and reliability of th
/propulsion system operational*and mission scenario shall be used to
tem interface and data integrity. Consider data captured in a high integrity 3
=m where it is stored. This lower integrity system could then download the
bropulsion system operation. However, some capability would need to be ind
ty of the data is to e maintained. For example, the data could be enca
RC). Figure 2 shaws possible propulsion health management system inted

may dictate functional independence, among the various components of

t system is integrated
onsiderations shall be

ese requirements will
be employed to insure
d/or transmitted. The
mplementation and/or
e, as part of the EHM

t system with other
peration. The health
Bft systems with which
bse systems and their
establish the desired
ystem and transferred
lata during a powered
luded in the process if
bsulated with a Cyclic
ration relationships to

an integrated set of
leractions, and failure

subsystems, to protect

against effects of common mode signals, coupling and crosstalk, bus in

propagation. A system safety hazard analysis should be conducted to insure that the appropriate isolation is accorded to
the interfacing safety critical items and the functional independence of the integrated systems. For legacy systems,
integration diligence must be exercised to insure that established levels of RF emissivity and RF susceptibility are not
compromised. Ground paths and lightening protection schemes should be analyzed for compliance with acceptable
specifications.
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4.4  Environmental Effects

If the EHM system is non-critical, relaxed protection standards for tolerance against environmental factors such as
lightning, electromagnetic interference (EMI), external radio frequency environment (ERFE), high and low temperatures,
and steady state and vibratory mechanical loads may apply. However, care must be taken to ensure that critical systems,
e.g., flight controls and engine controls, are not compromised. Should high protection standards become necessary for
shared parts of the EHM, e.g., amplification of an EHM signal within a control system box, the cost-effectiveness of
sharing will need careful examination. Often, recommendations, guidelines, and or regulations have been established by
both commercial and military agencies (FAA, JAA, DGAC, DOT, DOD, etc.)

4.5 Maintainability

Integration of EHM functions with other aircraft systems may impact maintainability. In the U.S. commercial aviation
arena, governing agencies, like the FAA, have regulations or guidelines governing such things as continuous
maintenance. EHM system Designers should consider the following aspects:

a. Maintenance persgnnel should be provided with a single information source. If, for example,[the maintenance staff
has to consult buili-in-test equipment (BITE), EHM, flight logs, and warning computers separately and then has to
correlate this data, they may be tempted to use only one source and not use all avajlable infornpation.

b. Fault-finding is often carried out by a process of elimination. Integration may£eddce the numbgr of LRUs and improve
fault isolation capability.

c. The elimination of| multiple data sources will remove possible disagreements at the possiple expense of added
complexity and/or hasking defects.

d. Physical integration of EHM functions with other systems that-require complex installation procedures may cause
problems. An operator may be reluctant to perform maintenance just to clear an EHM fault.

e. Physical integration of EHM functions with other systems will likely require that these sygtems provide self-test
capability for the agded functions.

46 Reliability

The use of other systs
systemns. It will be necd
evaluation could resulf
system not be integratd

4.7  Electrical Power

Consideration must be

ms to perform EHM3asks and process EHM data could adversely affect
ssary to evaluatethe/effects of integrating the EHM functions both in hard
in integration design constraints and may lead to a decision that some
d.

given to a number of characteristics of the electrical power system. Typica

power distribution sys

the reliability of these
are and software. The
elements of the EHM

ly, an aircraft electrical

(=Taal r*nmlnriqpq mlll’riplp indpppndpn’rly prn’rpr"rpd distribution buses  Each

bus has a particular

characteristic when an engine fails, or an electrical generator drops out, ranging from transient disturbances to complete
electrical power loss. Interruption of electrical power should not result in the loss or corruption of EHM data. Additionally,
data related to a particular engine should not be corrupted by the failure of that engine or its associated subsystems.

Consideration must also be given to the possibility of low voltage or the absence of power generated by a main engine
when monitoring that engine during start or shut down. The highest integrity bus is frequently battery-direct or on the
emergency AC bus. These buses may be available for power during starting but often have severely restricted load
capability.
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Where the EHM uses multiplexed data distribution buses, close attention should be paid to the data bus power source.
The times when power disturbances are most likely to occur, such as during engine start or shutdown or during load
switching, are some of the most important to monitor. The use of redundant data bus structures fed from alternate power
sources may be considered to enhance the integrity of the EHM. Providing power to the EHMS after an engine is shut-
down to complete EHM processing activities (signal processing, data transmission and storage, etc) should be
considered.

Many sensors rely on electrical power to provide excitation or secondary services such as heaters. In the develcpment of
system power architecture, care should be taken to evaluate the effect of power loss on sensors.

48 Data Bus Sharing

When considering the sharing of system data buses, consideration should be given to the following:

a. Bus integrity
b. Bus capacity/data fate

c. Bus configuration gnd routing
4.8.1 Bus Integrity
Most modern aircraft, |commercial and military, have flight critical data .bises. The integrity of|these buses, and the
systems connected to fhem, must be carefully maintained. It may be possible to transmit engine health management data
on these buses or to pjck off data that are already on the bus, but the sources and destinations of the data must comply
with the bus interface requirements. In some cases a bus may be "off\imits" entirely.

482 Bus Capacity

The capacity of a candidate bus to handle the extra data needed for engine health management function must be
evaluated. The primary| considerations are:

a. Availability of labels or addresses for the EHM\data

b.  Impact on growth margin for the primary-bus users

c. Resolution and update rate requiréments of the EHM and primary user data.
483 Bus Configurafjon and Routing

The selection of a Rus dofAransmitting EHM data should consider bus configuration and| routing. The primary
considerations are:

a. Ability of the bus structure to accept additicnal terminals.
b.  Ability of the bus protocol to accept additional terminals and labels.

c. Impact on Electro-Magnetic Interference (EMI), External Radio Frequency Environment (ERFE), and lightning
protection of additional wiring or re-routing of wiring.

d. Impact on cost and weight of additional wiring or re-routing of wiring.


https://saenorm.com/api/?name=f8198a693d6ef90f946bb56b81f8df45

SAE

AIR4061B

Page 12 of 24

49 Software

Software integration should be considered at the earliest opportunity. The design of both the software and the hardware
that runs it need to trade benefits of integration against the mission criticality of the function provided by the software.
Section 4.3 provides topics to consider from a partitioning perspective. For functional integration, factors to consider are:

Commanality of routines such as input and output (Reuse Capability)

a.

b. Computational capacity

c. Timing requirements/duty cycle
d.  Memory capacity

e. Common language

f.  Operating systems

g. Reprogrammability

h.  Software quality an

410 Future Architectuy

Current industry trend |
systems such as centr.
The current emphasis
functions. In keeping

d configuration management requirements
ral Concepts

5 the integration of propulsion health management systems with other aircra
1l maintenance computer (CMC) inte a centralized web-based, network-cen
has been to combine on-board aircraft maintenance with ground-based p
ith this trend, the propulsion health . management system could be integ

systems to provide compplete and precise fault diagnosis of the 'entire aircraft system which will enat

maintenance action an
ability to run them eff

d repair with minimum effect on aireraft use. With more access to high fi
iciently, prognostics and predigtive algorithms are being implemented.

concepts (see 5.3.m) gand predictive maintenance (as.opposed to reactive maintenance) practices

inan EHMS architectun
The underlying archited
effective maintenance

condition of the operati

411 Growth

Care must be taken t
margins of the integrate

E design.

ture should be structlired to utilize all available data on the aircraft to provig
of the aircraft and ‘predictive trending for safe utilization and maintenancy
g propulsion system.

enslUre"that the integration process does not compromise the hardwardg
d.systems.

ft health maintenance
tric integrated system.
redictive management
rated with the aircraft
le timely and effective
Helity models, and the
Support of prognostic
should be considered

e decision support for
based on the actual

and software growth

5 PARAMETERS SE

51 Introduction

LECTION AND REQUIREMENTS

The number of parameters required for EHM may range from a few for limit exceedance and trending, to many for
diagnostics, performance analysis and life usage. Some of the parameters may exist for other purposes (e.g., engine
control or indication) and additional parameters may be needed solely for engine health management. Legacy aircraft
may be limited by the fact that available parameters are those existing for engine control and update rates for available
parameters are already established. Some parameters would be sensor outputs, appropriately filtered, while others may

be synthesized values t

0 accommodate sensor validation and/or redundancy.
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As menticned in 4.1 of this document, a cost benefit analysis should help determine what parameters are used. The
analysis will include estimates of costs for development and implementation of parameter sources, and their
corresponding benefits. The costs should include development, test and validation, production deployment, and service
support for both the sensors themselves and the supporting analytical technigues.

5.2 Parameter Requirements

Each parameter will have requirements unigue to monitoring. These requirements may be different than those required
for the control and indication system. These general parameter requirement headings are meant to be generic. When a
sensing system is being implemented, due consideration will be given to specific aircraft systems it interfaces with, the
parameter being monitored, and the end user’s requirements. Each requirement heading below can have an effect on the
system overhead. An Engine Health Monitoring System’s acceptability and success is directly influenced by the detail
behind each parameter requirement. Consideration must be made for the certification level for both hardware and

software, as well as continuing maintenance requirements. The requirements come under the follo

ing headings:

a. Accuracy (both stat

accuracy which is

ic and dynamic): For EHM, parameter accuracy should not be limited to'theg
he ratio of parameter error to full scale output (FSQO), often expressed a

temperature and plessure parameters, the compensated temperature range, repeatability, hy

measurement and

the least significant
is digitized to 12 bit

Repeatability: The
condition over multi

Flight Phase or Mo
portions of a flight
requirements of thg
and stored for later

Sampling Rate: Th
Sample rate is the 1

Update (processing
the signal (note thd
instruction because

Output Rate or Av
process; a cockpit g

uantization errors shall alsc be factored into the determination of\parameter

Resolution: The mimimum change in the parameter that can be detected. Fora digital paramets

bit as expressed in the parameter units. For example _if & parameter ranges
5. then its resolution is 10/(2M2) = 0.0024V.

ariability (measured by sample variance) in a_ measurement of a paramet
ple instances.

e Dependence: Capture/monitering of g&me parameters may only be ned
or in a portion of the flight envelope»This parameter characteristic may
EHM system, e.g., parameter valdes may need to be captured during a s
processing.

e frequency at which the\parameter is capable of changing, measured
ate at which the A/D canverter operates.

) Rate: Update rate\is the rate at which the computer or Digital Signal Proce
t this rate cancbe-much slower than the rate at which the computer is cg
of other programming load on the computer).

hilability-~Output rate is the rate at which the processed output is availal]
isplayy a recording device, transmission circuit, etc.

general description of
5 percent of FSO. For
steresis, output noise,
accuracy.

r it is the magnitude of
from 0 to 10 volts and

er in exactly the same

essary during certain
influence the storage
pecific part of the flight

n samples/sec or Hz.

ssor (DSP) processes
pable of executing an

le to the downstream

Nonlinearity: The ¢

hange in g:\ih at various Innr‘fc: of the range of the In:\rnmp’rpr The gnin is deffined as the change in

the output parameter due to a smallest measurable change in the input parameter. If this is constant over the entire
range of the parameter, then it is said to be a linear device. Otherwise, the parameter is said to be nonlinear.

More details on parameter/sensor requirements and their uses can be found in the documents listed in 2.1 (Applicable

Documents).
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2.3

Parameter Uses

Parameters may have multiple uses, each requiring different treatment. Figure 3 indicates parameters which are useful
for the EHM functions identified below and helps the system designer to match the parameter selection with user needs.
For some installations, other parameters may also be needed.

a.

Limit/Exceedance Monitoring: Data that defines the exceedence (how much and how long) is used to determine
appropriate maintenance action required because of the exceedence. Accuracy is consistent with noise levels to
ensure sufficient signal to noise ratio that allows high probability of detecting true exceedances while ensuring low
false alarm rates. Update rates can vary from several times per second to once per flight depending on the criticality
of the parameter and the ability to download the occurrences of exceedances to the aircraft system.

Life Usage Monitoring: Life of a life limited part (LLP) must be tracked by serial number to ensure timely replacement

and enhance syst

m safety (AIR1872) Other critical components are inspected regulary to

ensure that danger of

failure is minimizeg
listed in Figure 3
to enable the trach
parameters are gs
advance, it is antici
will allow transmiss
analysis).

. In the future, usage based lifing will become more common. Parameters
ill typically be needed to assist this function. Accuracy of the parameters. s
ing of peak stress points which are needed to calculate consumed tife.

nerally low because of limited data processing and transmissioh capa
pated that higher update rates in the 10 Hz range will be supported. Data ¢
ion of this high sample-rate data for analysis remote from the data captur

c. Performance Trendling and Diagnosis {(Modular Analysis): Faults (and degradation) related {

can be identified
deviations can be {
addition to anticipa
details of performa
cruise points. For
might add in a sps
data for analysis.
Performance of the
reference models.

d.  Mechanical Trendif
some threshold pr
trended so that fail
parameters can beg
sequential data us
example, while dw
this practice is the
during a transient
detection, it is poss

hrough modeling the gas path and monitoring déviations from estimat
rended so that performance issues can be identified and isolated to particy
ing performance issues, this will help in maintenance workscope planning

hce trending). For commercial engines gas path analysis is generally carri
military engines take-off points serve, asthe desired analysis regime. In

cial ground test engine run on a perigdic basis, possibly after a flight, just
On-board analysis is becoming (feasible with increased computer thr
se algorithms is crucially dependent on having high signal to noise ratios, 4

g: Tracking the deteriaration of the mechanical integrity of some compone
or to failure. Data ffém sensors such as vibration, oil pressure, oil syst
Lire can be anticipated and preventive action taken. (More information on g
found in AIR1828-and AIR1839 respectively.) To eliminate noise, it is a b
bd for Performance Trending at conditions that are as similar as possible
Elling at seme operating condition (e.g., max. continuous, take-off or climb
recognitiohof valuable information for Mechanical Trending which is often
operation {e.g., thrust run-up for take off). For example, with the adven

different than the ones
hould be relatively high
pdate rates for these
bility. As technologies
bmpression techniques
e system (e.g., ground

0 engine performance
ed parameters. These
lar engine modules. In
see AIR1873 for mare
ed out on steady state
some cases operators
to collect steady state
ughput and memory.
nd the accuracy of the

nt of the engine toward
em chip detection are
il system and vibration
est practice to capture
from point to point, for
power). In conflict with
found in data captured
t of electronic particle

inspection of magn

for monitoring wear-induced vibration from bearings, gears, and other mechanical components.

ible\tt perform real-time trending of mechanical debris in an oil system and eliminate scheduled
mwwwgmw 50 kHz or even more

Mechanical Diagnosis: As opposed to performance trending, mechanical diagnosis is the precursor event followed by
monitoring of time-to-failure. Diagnosis is essentially identification of the responsible area of the engine. Having
diagnosed mechanical detericration, trending is used to define when corrective maintenance is required. Analysis
techniques such as extracting tracked vibration orders, or using diagnostic chip detectors in scavenge lines from
individual bearings may be used as described in 5.3.d above.

Fleet Averaging: Characterizes the service behavior of a group of engines, which may be operating in a particular
environment, or of a specific build standard. Data from many sensors are used to identify any generic problems with
the type of engine or operation. The information may also be used for commercial purposes in administering
guarantees, such as performance retention. Parameters for fleet averaging are typically calculated at steady state
conditions, except for specific parameters such as maximum thrust margins.
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EHM Function

Parameter

Limit/Exc.
Monit.

Life
Usage

Perf.
Tending /
Diag.

Mech.
Trends

Mech
Diag.

Fleet

b
<
o

Control
System
Diag.

Event
Analysis

Start-Up
Monit.

Shut-
Down
Monit.

Build-Up
Systems

LIGHT DATA

F

AIRCRAFT DATA

[A/C Identification

Date / GMT

X[ =

X[ =

b B

b B

b B

b B

b P

|
IFlight Origin
IPlanned Destination

lActual Destination
Flight Number
Flight Phase

b B B B B

[ Auto-Throttle Status

Total Air Temp.

IMach Number

Altitude

b Bl B

be] Bal Bad Bad Bt Bl Bad Bl el Bad B

B B Bad B B B [ B B B B

b B B N P B B B B

A, of Attack / Side Slip

Calib. Air Speed

bl B Bl B B Bl Bt B B B B

Generator Load
Gross Weight

Pad Bl Bad Bad Bad Bad Pad Pad B Pad Pl B Bad B

by B

bd B B Bad B B B B4 Bad Bed Bad B B

bad B Pt Bd B Bl B Bad Bad Bad Bl Bl B

bl Bad Be

bed B Pt Bad B ad B Bed B Bd Bad Bl B

bl B B Bt B Bt e Pad Bad e Bad B B B B

bd B Pt Bad B Bl B Bt B Bd Bl Bl B

Center of Gravity

XIXXR

| Auto-Pilot Status

Air Bleed Selection

|Anti-lce Selection

b Bl B

b Bl B

b B

b Bl B

b o

JFwd/Lat./\Vert. Accel.
A/C on Ground

b By B B

>

x

x

ENGINE DATA

Thrust Lever Angle

by

Thrust Mode Selection|

b

Inlet Temperature
Inlet Pressure

JRPM (N1 N2 N3.)

IEGT (or ITT)

JEPR / N1 actual

b Bl B Bl Bl B

b B B

b B B Bl B B

b B B

>4 P B

b B B P Bl B

bl B B Bl Bl B B B

b B B Bl B

JEPR / N1 command

[HPC Press

JIHPC Temp.

by B

b s

b B B B B B

Comp. Press 1 or 2

Turb. Press 1 or 2

Turb. Temp. 1 or 2

JFuel Flow

b Bt B B Bl B

Qil Press./ Temp.

b B

Oil Consumption

b B B

Oil Particle Count

Oil Filter Delta Press

INacelle Temp.

b B4 B

CVG Angle

bl Bad Bt Bl B Bed B

b B Bt B Bl B B

T/R Selection

b B Bt

b Bt Bt B Bl B B Pad B Bt B Bt B Bt B Bt B Bl Bl Bl Bl Bt Bt B B

ba] B Bad Pt B B B B

\Water Injection Sel.

===

by B B Bt Bt B B B B B N B B B

IEng. Start Selection

S/O Valve Position

b

b B

Starter Duct Press.

Torque

Tracked Vib. (all)

IBroad Band Vib.

b B 5

\Vib. Channel

b B B

b B P

b B B

b B Bt

\Vib. Spectral Analysis

JFan Trim Bal. Amplitude

b

JFan Trim Bal. Angle

be] Bal Bad Bl Bad Bad

b Bt B B Bad B

JFuel Temperature

b Bl B

FIGURE 3 - MATRIX OF PARAMETERS TYPICALLY USED FCR VARIOUS EHM MONITORING FUNCTIONS
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Engine Control System Trend and Diagnosis: |dentifies degradation in sensor signals and actuators used by the
control system, aids in signal source selection and aids subsequent fault Isclation, typically to an LRU. Raw data is
formatted, usually within a ground station for comparison to previous cycles and levels to aid in interpreting
excursions and degradations. Typically, these aid in immediate line-maintenance actions during gate turn-around but
can lead to more complex maintenance actions such as LRU replacements during overnight stops. Probabilistic
concepts are being applied to enhance diagnostic capabilities for control system electronics (e.g., eliminating
ambiguity). This concept utilizes the Failure Modes and Effects and Criticality Analysis (FMECA) model for the system
to demonstrate compliance with fault detection and isolation requirements.

Event Detection, Analysis, and Tracking: Provides visibility to events outside the normal operation parameters or
established limits to allow isolation of maintenance actions. Events can trigger the capture of a limited number of
parameters on a transient basis, just as in the case of control system faults. These can be stored on the ground for
subsequent analysis and tracking. The update rates can vary depending on the events being detected, and can be as

high as that allowed by the control system minor-frame time.

Engine Start-up M
system the ability t
Update rates are ¢

Engine Shutdown
components such &

Engine Build-Up (
performance.

Engine-to-Engine
comparison can bg
in some cases, pro

Prognostics: Gene
have been identifid
componentisona

6. SIGNAL SOURCE

6.1 Introduction

EHM Signal Sources 4
(system) sensors and g

A detailed business cg
and certification cost n4

nitoring: Captures key initial start-up parameters during ground and airsta
b trend these parameters and provide fore-warning about potential issues
bnsistent with the control system time frame.

Monitoring: Data captured during spool down can be used fd\dentify dete
s bearings. Update rates are consistent with the control system time frame.

EBU) Systems: Identifies degradation of engine acecessories and how it

Comparison: To compare data from all enginés on a particular aircraft r
done with the data collected for any of the fuhctions listed above. Results ¢
ide corroborating evidence for a result fordata analysis for an individual en

fally, prognostics establishes the Remaining Useful Life (RUL) of a comp
bd through one or more of the_monitoring concepts above and a diagnos
given path to failure.

l¥r)

omputersrequired to capture complementary information about the operatir

se is{required prior to adding dedicated EHM-only sensors as the develo
bed tobe off-set by reductions in engine maintenance costs.

Its to provide the EHM
ith the starting system.

ioration of mechanical

may influence engine

cal-time, in-flight. This
f the comparison may,
Hine.

onent once symptoms
s established that the

re primarily £ngine-mounted sensors in conjunction with data and informaltion from other aircraft

g conditions.

bment, implementation

Histerically, this has resulted in the use of existing engine control and indication signal sources to provide the majority of
the EHM data. Furthermore, sensors currently used for safety-related and cockpit indication functions (like vibration
sensors, generator oil temperature etc.) are available signal sources at aircraft level that may be used for EHM purposes.

Additional EHM-only signal sources are also being added to the latest generation of aerospace propulsion systems (at the

time of writing Revision

B) in order to support high-fidelity on- and off-board models.

Section 4 describes the requirements for the EHM functions that need to be considered. Various sources, such as
AIR1873, provide additional information for the Signal Source selection as well as the following paragraphs.
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6.2 Selection

The selection of signal sources must include consideration of all error contributions, data format and characteristics,
compatibility with signal conditioning and processing capability, as well as reliability and integrity. Some sensors require
that the associated system provide electrical power or excitation. Other sensors may require heaters, special
compensation, etc. Data interruptions during built-in test of the data source must be accommodated.

6.3 Signal Source Sharing

Given the economic restrictions mentioned in 6.1, signal sources may need to be shared with other systems, or are even
primarily used for these other systems. Hence, there are various possibilities for source sharing:

¢ The desired signal &

¢ The desired signal
sharing. This cond
(deterministic) digi

¢ The desired signa|
provided for the EH

¢ The desired signal
6.4  Aircraft Paramet

The following paramet
may be used for EHM:

TABLE 1 - EXAMPL

al data buses enable easier data exchange between many aircraft'systems.

already exists but signal sharing is not practical or cost-effective, and g
M.

does not exist and a new source must be provided;

LF

s

brs are examples of signals from aircraft systems, or from crew entry into an

E AIRCRAFT PARAMETER LIST USED FOR CORRELATICN PURPOSES

easily be shared.

already exists but the sensor or signal conditioner must be replaced By, a rew one to allow signal
tion is often found on legacy systems with analog data buses while.current gesign technology with

new source must be

on-board system, that

INEHM SYSTEMS

Air temperature (Static Air Temperature and/or Total Air Temperature)

Altitude

Airspeed (Mach Number, Indicated Air Speed and/or Calibrated Air Speed

Gross Weight

Air/Ground logic

Flight modefphase

Flight leg

AircrafbNdentification/registration number

Time/{Coordinated Universal Time UTC)

Eenter of Gravity

Angle of Atfack

Normal flight path acceleration

Auto-thrust/Auto-throttle/Auto-pilot mode

Throttle lever angle

Anti-ice on/off

Cabin bleed flow rate, pressure, temperature

Environmental control system pack status on/off

ECS or Engine cross-bleed

APU bleed status

Control surface deflection

Gun fire {military)

Rotor speed (helicopter)

gl<le|rle|nleole|z 3| F 1 lF e e |2l (o)
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This example list will need to be amended on a case-by-case basis with the available parameter list, whether as raw data
or as computed parameter from any aircraft system source, if at all useful or used in the EHM models. In an extreme
case, all available parameters (raw and computed) available on any aircraft data network might be used for EHM
purposes; the synthesis of these might however occur on-ground rather than on-board.

7. SIGNAL TRANSMISSION, CONDITIONING, AND DATA PROCESSING

Signal transmission, conditioning, and data processing capabilities move hand-in-hand with the general miniaturization of
the computer industry. Previously, the discrete functionalities of (1) signal conditioning (A/D conversicn), (2) signal and
data transmission and (3) data processing have been implemented as different sub-assemblies of the Engine Control Unit
or the Engine Health Management Unit to which the raw signals from sensors are transmitted. Miniaturization is allowing
these functions to be implemented in a distributed system where the signal conditioning may take place fully or partially at
the sensor level (e.q., smart sensors). Similarly, the signal and data transmission, data processing and the following data
storage (covered in Section 8) may be fully or partially carried out by one or several components at the most convenient
level depending on the [actual implementation.

7.1 Signal Transmisgion
Signal transmission, beth prior to and after conditioning andfor processing, must be given sufficient attention to ensure
that the integrity and fccuracy of the data are not compromised. Once the sensor signal has|been conditioned, the
problem resolves into how the output of one system is introduced to the other.¢{/arious formats, guch as the well known
ARINC data transmissjon protocol, allow for multiple users to acquire broadcast data. Current technology includes full
duplex and ethernet communications. Signal and data sharing will be further enabled by higher bandwidth transmission
networks
Future technology could include wireless communication networks pétween sensors and health management hardware,
as well as its current implementation for data retrieval. In cases where a supplementary olitput is provided, due
consideration must be [given to the design load capability. Use-of incorrect loads may well incur an accuracy penalty and
may also allow fault prgpagation across otherwise independent system boundaries.

Consideration must be[given to:

¢ Source and load impedance

+ Field strengths and types

+ Lightning, EMI, and ERFE

* |oad filtering and gusceptibility

+ Data timing

e |nterconnects

¢ Cable movement
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Wiring methods, designed to preclude signal corruption, include:

Grouping and sepelration for noninterference

a. Twisted cables

b. Twisted-shielded cables

c. Single-shielded cables

d. Double-shielded cables

e.  Single cables run as a pair
f.  Random cable run

g.

h. Fiber optics

7.2  Signal Conditioning

Source data, in analog
harsh envircnments, th
noise generation, signg
the design of the signa|
transmitted to and sh
combined. The followin

or digital form, needs to be conditicned before it can be used by the E
ese systems are generally mounted at a distance fromithe signal source it
| corruption, as well as susceptibility to electromagnetic interference must g

conditioning system. Additionally, for reasons of.cost, weight and space, t
hred by a number of independent systems and the outputs of indepen
[ are some of the points to be considered wherrdesigning the signal conditi
from unwanted signals during sensing; amplification and/or transmission
jection
stalk

curacy versus repeatability

t, including lightning, " EMI, and HERF

D) and'digital to analog (D/A) conversion

M system. Because of
elf. Signal attenuation,
Il be considered during
e same signal may be
dent systems may be
bning system:

a. |solation of source
- Common mode rg
- Coupling and crog
b. Sensor absolute ag
¢.  Overall envirocnmer
d.  Failure propagatior
e.  Analog to digital (Al
- Sampling Rate
- Resolution
7.3 Data Processing

Signal conditioning and data processing are essential elements of transforming sensor data into useful information by the
EHM system. Signal conditioning is a low level process that conditions the raw sensor signal in a variety of ways, such as
filtering, analog to digital (A/D) conversion, etc. Data processing consists of all higher level processing such as Fast

Fourier Transformation

(FFT), feature extraction, data fusion, etc.
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