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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 general EHM functional
integration with typical commercial and military aircraft systems. This document assists aircraft and EHM system
designers by offering guidelines for physical and functicnal integration.

2. REFERENCES
21  Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption
has been obtained.

211 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada), Tel: 724-776-4970 (outside USA), www.sae.org.

ARP1587 Alircraft Gas Turbine Engine Monitoring System Guide

AIR1828 Guide to Engine Lubrication System Monitoring

AlIR1839 A Guide to Aircraft Turbine Engine Vibration Monitoring Systems

AIR1871 Lessons Learned from Developmental and Operational Turbine Engine Monitoring Systems
AlIR1872 Guide to Life Usage Monitoring and Parts Management for Aircraft Gas Turbine Engines
AIR1873 Guide to Limited Engine Menitoring Systems for Aircraft Gas Turbine Engines

AIR1900 Guide to Temperature Monitering in Aircraft Gas Turbine Engines

AlR4174 A Guide to Aircraft Power Train Monitoring

AIR4175 A Guide to the Development of a Ground Station for Engine Condition Monitoring
AlIR41786 Cost Versus Benefits of Engine Monitoring Systems

AIR4985 A Methodology for Quantifying the Performance of an Engine Monitoring System
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AIR4986

ARP35293

AIRS317

ASS391

ASB392

ASS394

ASH385

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

22 GLCSSARY

ACARS

AD

AIR

AIRCOM

APU

ARINC

ARP

BITE

CAS

CDP

CRC

CRT

D/A

ECU

EGT

EMI

EHM

EFPR

ERFE

ARINC Communication Addressing and Reporting System

Analog to Digital

Aerospace Information Report

Air to Ground Communication
Auxiliary Power Unit

Aeronautical Radio, Inc.

Aerospace Recommended Practice
Built-in Test Equipment

Calibrated Air Speed

Compressor Discharge (or Delivery) Pressure
Cyclic Redundancy Check
Cathode Ray Tube

Digital to 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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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/0 Shutoff

TAT Total Air Temperature
TLA Throttle Lever Angle

TR Thrust Reverser

3. GENERAL INTRODUCTION

Engine Health Management is a term that has more recently been adopted to cover the overall system aspects
associated with both the engine’s health and the engine’s usage From hardware to software and from diagnostics
through to prognostics, the principal functions of engine health management are to assess engine condition by gathering
event data to perform diagnostics, gathering data for trending and performance analysis, and gathering data to assess life
usage of life-limited parts. This information is then used to provide operational maintenance decision support.

Use is often made of engine variables which are primarily sensed for other purposes (e.g., engine control or flight deck
display), as well as additional parameters incorporated specifically for engine health monitering. Integrating EHM within
the Airframe’s existing systems is dependent on several influencing factors including communication networks, signal
interferences, power requirements, etc. A number of different solutions and levels of sharing, between the engine and
aircraft-mounted hardware, can be found both in-service and/or under development. Over time, further developments are
expected to stretch the boundaries even more.

The continued technological growth in the area of digital systems and data buses serves to provide cost benefits when
adding engine health monitoring capability through partial or total integration with other on-board systems. Utilization 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. Data segregations between flight critical information and pure health management information (data)

b. Data transmission capabilities for the network

c. Data storage environmental conditions and capabilities inside/outside controlled environments

d. Technology readiness of the planned implementation solution
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A growing trend has been to perform as much signal conditioning of engine parameters as pessible 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 AIR5317 Guide to APU Health Management discusses EHM as it applies to the APU. The primary functions
are detailed in this AIR.

Figure 2 illustrates possibilities for integrating functions within typical airplane systems. Additionally, the sections of this
AlIR that discuss the integration issues to be considered for the various functions are provided.

4. GENERAL CONSIDERATIONS
4.1 Introduction

The guidelines for the integration of propulsion health management system functions with other aircraft systems and
subsystems are applicable for legacy system installations as well as new development aircraft. A cost benefit analysis
geared towards exposing the economic feasibility of introducing and integrating the propulsion health management
system with the legacy installation or with the new design aircraft will be the determining factor for many integration
issues. Exposing the desired use of the propulsion health management system and identifying the propulsion subsystems
whose health monitoring will provide economic and safety benefits to the cperators is required to develop an accurate
cost benefit analysis. As such, this analysis shall include the following topics.

a. The use of Life Limited Parts in the engine or APU has an inverse impact on both safety and maintenance costs.
Current practice has accepted a high maintenance cost to maximize safety. The cost benefit assessment should
consider means to reduce the maintenance costs associated with Life Limited Parts while maintaining equivalent or
improved safety with respect to these components (refer to AIR1872).

b. Due consideration should be given to reductions in the operational cost as well as reduction in maintenance and
repair costs. Metrics such as in-flight shut downs, dispatch reliability, gate turn times, UER rates, asset availability,
reduced secondary damage due to timely engine removal for cause, etc. would be used to quantify the benefits. In
the MRQO category, shop turn times, inventory levels, maintenance labor hours, various maintenance intervals such as
mean time between removals (MTBR), shop visit rates and costs, efc., would be considered.

c. Factors such as reduced cost due to enhanced workscope planning, directed engine teardown, better module
matching, and inventory management should be considered.
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FIGURE 1-EMS ELEMENTS AND TYFICAL INTEGRATION CANDIDATES
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