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environment. In the commercial world‘the on-board system tends to be integrated at the
platform level and is not engine specific. The platform system is referred to as the|Airborne
Condition Morfitoring System (ACMS). Therefore, for commercial operators, the EMU and GSS
terminology dqes not necessarily apply. Where applicable, the EMU is more usually referred to
as the Data Management Wnit-or Data Acquisition Unit.

The functional
requirements (¢
users. The GSY

ty of the!GSS and its associated complexity must match the defined use and
pf the system. Ideally, it should be scaleable to meet the various negds of different
S-components of the EMS exist entirely off-board the aircraft and include:

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2012 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) SAE values your input. To provide feedback
Tel:  +1724-776-4970 (outside USA) on this Technical Report, please visit
Fax: ~ 724-776-0790 http://www.sae.org/technical/standards/AIR4175A
Email: CustomerService@sae.org

SAE WEB ADDRESS: http://www.sae.org


https://saenorm.com/api/?name=f050c3d3b605f2485f9a67b08d64b9e3

SAE

AIR4175A Page 2 of 39

(1) Data transfer to/from the aircraft (telemetry, physical media transfer, personal maintenance
aids (PMA)

(2) Data Processing elements

(3) Data Storage elements

(4) User Interface elements

This may be a single PMA that plugs directly into the engine Full Authority Digital Engine
Control (FADEC) or aircraft, all the way up to a wide-ranging network involving satellite data
transfer, distributed mainframe processing, on-line manuals, and directed troubleshooting under
wing via wireless PMA, and Internet access by various user groups.

As a rule of thumb, data relating to an engine incident or exceedance should be avpilable after
every flight or during the current engine run, as corrective maintenance is normally|required.
Therefore, alggrithms to detect or trigger a shapshot recording of these events must be included
in the EMU software. |deally, this event data needs to be transmitted during the flight to enable
ground personnel to be ready with any replacement parts required for:a repair. This reduces
troubleshooting and hence aircraft turn around times. In reality, technology on the majority of
platforms cannget support this and data can only be interrogated. after the aircraft has returned.
Other data, especially that used for long term trending or life_calculations, is not so(urgently
required and can be recorded in the EMU to be downloaded for subsequent analysis in the
GSS. With data storage capability increasing all the timethis method of recording the data for
analysis in the [3SS is now preferred by many OEMs and Customers, mainly becajise of the
reduced cost ahd increased flexibility off-board procéassing offers compared to on-hoard
implementation in the EMU.

There may, hoyever, be specific operational scenarios where this rule of thumb dogs not apply
and off-board gnalysis remains inappropriate. Military operational requirements forjexample,
may dictate that all maintenance and trend data is available at the aircraft in order {o meet either
turn around times or a requirement to have no dedicated Ground Support Equipment (GSE).
This drives all the EMS functionality into the EMU. This will only change when datal can be

iably transmitted remotely from the EMU to the GSS, preferably in sgconds, and
any subsequent analysis can\be performed in a matter of minutes. For commercial|aircraft
operations, which have tended to place more emphasis on the long-term trending of engine
parameters, there is a greater reliance on total flight data recording and ground basged data

required, or Ve - high ’ ing, data
compression techniques can be used to enable all the information to be stored in the EMU.
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1.1

2,

2.1

SCOPE:

An effective GSS is vital to the successful implementation of an EMS and is a fundamental
part of the total monitoring system design, including asset management. Unlike the on-board
part of the EMS which principally uses real time data to indicate when engine maintenance
is required, a GSS can offer much greater processing power to comprehensively analyze
and manipulate EMS data for both maintenance and logistics purposes.

This document reviews the main EMS functions and discusses the operating requirements
used to determine the basis design of a GSS, including the interfaces with other
maintenance or logistic systems. A brief discussion is also included on some of the more

recent advinteyh-ese-tedmvlugﬁharhave-been-specmcaﬂrdevelvpedﬁ-p
effective diagnostic capabilities for gas turbine engines.

Purpose:

The purp
of the ovd

bse of this AIR is to firstly examine the role of a GSS fet\processing
rall EMS functionality. Secondly, it considers the role of a GSS ins

both Customer and OEM total logistics management systems. Thirdly, this Al
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ne issue in effect on.the date of the purchase order. In the event of [conflict

document

cedence. Nothing in this document, however, supersedes applicable laws and
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2.1.1

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

ARP1387 Aircraft Gas Turbine Engine Monitoring System Guide

AIR1828 Guide to Engine Qil System Monitoring

AIR1839 A Guide to Aircraft Turbine Engine Vibration Monitoring Systems
AIR1871 Lessons Learned from Developmental and Operational Turbine

Engine Monitoring Systems

Guide to Life Usage Monitoring and Parts Managemenlt for Aircraft

AIR187pR
Gas Turbine Engines

AIR187B Guide to Limited Engine Monitoring Systemsfor Aircraft Gas
Turbine Engines

AIR406(1 Guidelines for Integration of Enging Monitoring Functions with On-
Board Aircraft Systems

AIR4174 Guide to Power Train Monitoring Techniques (Draft)

AS4831 Standard Software Inteffaces for Ground Based Monitgring Systems

AIR512D Engine Monitoring'System Reliability and Validity (Draft)

AS8054 FAA TSO (Draft)
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2.2 Glossary of Terms:

ACARS

ADR

BIT

CRC

DBMS

DRU

DTD

DVD

EEC

EMC

EMI

EMS

EMU

FADEC

FDR

GSE

GSS

LSAR

OEM

PPI

QAR

Aircraft Communication Addressing and Reporting System

Accident Data Recorder
Built-In-Test
Cyclic Redundant Code

Database Management System

Data Retrieval Unit

Data Transfer Device

Digital Versatile Disc
Electronic Engine Controller
Electro-magnetic compatibility
Electro-magnetic interference
Engine Monitoring System
Engine Monitoring Unit

Full Authority Digital Engine Control
Flight Data Recorder

Ground Support Equipment
Ground Support Station

Lagistic Support Analysis Record

Criginal Equipment Manufacturer
Power Performance Index

Quick Access Recorder
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3. OPERATIONAL CONSIDERATIONS:

The number of GSS units needed to support a particular operation is determined by the
number of aircraft or maintenance sites and operator requirements for system performance,
portability, networking and user access. Military aircraft for example, especially those
operating in diverse locations, will require a number of GSS units per squadron. This could
enable military aircraft within the same squadron to perform not only home base operations,
but also carrier detachments and out of theatre operations to all be covered. Military
operational requirements are also likely to drive the GSS design because interference with
other systems is of paramount importance. It will be necessary in this case to consider
electro-magnetic mterference and compatlblllty (EMI/EIVIC) in the GSS development The

requiremengs
between aifports, though there may also be dlfferent reqmrements for each ma
level. Certajn data processing or primary tasks need to be performed more quig
secondary fasks. The latter can be carried out when the GSS is less busy. The
information|fitting into these primary and secondary data categories s listed be
a. Primary tasks

1. Exgeedance advisories

2. Event diagnosis

3. Engine life status
b. Secondary tasks

1. Pafameter trending/projection

2. Trend analysis

3. Parts life tracking/management

4. Database updating

5. System.hardware integrity checks

flying
htenance
kly than
type of
ow:

The data collected by a GSS may fall into several categories and come from more than one
source. Keyboard entry data, special collection devices, memory cartridges, floppy disks,
custom tape units, secure wireless communication and data transfer from other computers
systems are all potential requirements for consideration. The GSS must be able to output
information to the user at various levels such as engine, aircraft, squadron, fleet, etc.
Formatted reports, data tabulations and various plots are all typical output requirements.
These outputs may be printed or displayed on screen, and in some cases may extend to
communication with another computer.
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3. (Continued):

Provision must, therefore, be made in both hardware and software to implement these
capabilities. Special attention should also be given to human factor considerations when
designing the composition and format of output products. Where possible, manual data input
should be reduced to a minimum, as this always becomes the weak link in the chain.
Economizing on the number of pages to be printed, or the number of screens to display
data, must be balanced with the readability and ease of understanding.

4. SYSTEM FUNCTIONAL REQUIREMENTS:

Most militan ilure of
which may result in an uncontained engine failure, an event that can resultdn catastrophic
aircraft losg and even aircrew fatality. It is common to also calculate thermalfatigue and
creep usage of hot section components such as turbine blades or nozzle guide|vanes. The
drive behingl calculating life usage, either on a sample of engines oreyery engine, results
from the wide ranging military aircraft mission variability. The reverse is true of commercial
aircraft operations, which are typically repetitive with only engitie rating varying|from flight to
flight; therefore, it is usual to log flying hours or flight cycles-as’a means of recgrding life
usage.

Commercial operators traditionally have given greatetattention to parameter trending.
OEMs and POperators, sometimes working in conjunction, have developed software
packages t¢ trend engine performance and diagnose the cause of parameter shifts that
could resulf in the loss of engine availability. This capability has prompted a gregater level of
interest ampng military operators where consideration is being given to the development of
similar trengling capabilities for fighter aitcraft.

Recently, military and commercial aircraft EMS are adopting much more sophigticated
algorithms and technologies to.diagnose engine problems. Examples of this ar¢ more
sophisticated vibration monitoring techniques, real time performance analysis, hovel fault
prediction, gletection and.iselation algorithms and the application of nhew technglogies to
monitor gag path healthjuingestion events, oil debris and condition and rotor blade health.
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4.1

4.2

Exceedance/Event Diagnosis:

Many monitoring systems are equipped to identify and record event data, giving the
maintainer access to all the data from the subject engine run. In this instance, the GSS will
interrogate the data and identify the cause of the incident or exceedance. Others record all
of the flight data continuously, although the software will ensure flight crew or plant
maintenance indications are provided where necessary. Continuous data allows the
maintenance engineer to review all the data to identify the cause, often aided by similar
algorithms used in the on-board EMU. This will enable more efficient troubleshooting
which might otherwise involve the expense and delay associated with carrying out
expensive engine testing.

The appli
the GSS

Automatig
an event

equipmer
systems 3
maintena
found.

Paramete

Paramets
storage ¢
method i
purposes
profile ca
level of tr
the ease
be subjed
stringent
software,

expensive.

Historical

cation of automatic troubleshooting procedures or expert system diz
bffers distinct benefits in this respect if the rules can be adequately

F diagnostic methods endeavor to identify the most probable cause,
hnd estimate the extent of any damage sustained by the ehgine. So
t can already operate to this level of diagnostic capability. In additi

so list the appropriate maintenance actions to be taken and call ou
nce publication references where the detailed mdintenance instructi

r Trending and Trend Analysis:

r trending is generally regarded as a- GSS function because of the 3
Apability required to accumulate sufficient data for meaningful result
volves the EMU selecting eitheDa single or multiple records of data
at one or a number of repeatable conditions. Alternatively, the com
n be recorded and the GSSwill extract the snapshot(s) and perform
bhding to that performed-by the on-board system. The benefit of this
with which the snapshot algorithm can be changed if required. This
t to GSS software certification issues although these are likely to be

probably to.a-higher software certification level and this takes time

v, other types of non-electronic data not generally available from an

also trend

edby the GSS. Examples of this additional information included oil

gnostics in
Hefined.

or causes, of
me GSS

n, these

t the

ons can be

mount of

s. One

for trending

blete flight
the same
approach is

will of course
less

han for the EMWwhere a similar change requires a formal modificafon to the

nd is

EMU were
consumption

and mag

cticchipdetettordebris Tates These parameters offera usefutme

hs of

monitoring the general condition of the oil washed parts of an engine. More recent EMS
developments have considered automatic oil debris monitoring sensors and even an oil
condition monitor is being considered. These provide information continuously to the EMU
to indicate a sudden rise in debris accumulation or oil degradation.
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4.2

4.3

{Continue

dy:

All trend data, from whatever source, is normally displayed to the user in graphical format
as trend plots. These plots provide a visual indication of how parameters are changing in
relation to each other and over the lifetime of the installed engine. Graphical formats also
provide the user with a good indication of the general quality of trend data and whether the
selected record is providing sufficient data to produce contiguous trend points. In normal
operation, and provided there has been no damage to any part of the turbo machinery, the
trend plots should develop in a predictable manner, indicating natural performance
deterioration. This would appear as a gradual, long-term, movement on the trend plots. A
sudden, short-term change in the trend line for any of the parameters, either singularly or
in combination, may include a change to the engine’s performance characteristic, or

possibly 4
eliminate
engine.

Shifts in ¢
operator

occurrend
Trending
anticipate
estimate

safety, ed

Engine P

Engine sf

or creep to be incurred by certain parts of an engine. The algorithms required

life usage
EMU can
on the G9
provides
the future
life cann
date.

Historical

i, the parameter trends are then analyzed to determine what is,wro

ngine trends may be detected visually or by autormated detection lo

piith a sizeable fleet, the provision of an automatic alerting function:]o
t

e of a significant performance trend shift is a valuable enhanceme
is not only concerned with keeping track of histerical data. It is most
the need for engine maintenance by projecting the trend lines forw;
wvhen a performance limit will be reached. This will, of course, impag
onomics and availability.

arts Life Management:
peed, temperature and pressure-changes will all cause low cycle/the

on these components carn be coded in the EMU software. Alternati
record the parameters required by the algorithm with the computati
ES . As with perforpdance monitoring, this is the most flexible approa
Linprocessed datafor analysis if algorithms change or become more
. The latter is the biggest danger to an EMU because it means that
p longer be’calculated, as there is no historical data to compute the

v, itwas not always possible, or necessary, for an EMU to calculatg

usage for|

sensor fault. If after data validation, the possibility of a sensor fault’Lcan be

g with the

gic. For an
signal the
to the GSS.
Iy used to
ard to

t engine

rmal fatigue
to calculate
vely, the

on performed
th as it also
complex in
he correct
life used to

the life

all’components. If the humber of monitored components was less t

han those

that were life limited, it was usual to employ factoring algorithms to translate the life usage
count from the monitored components to the unmonitored ones. As an example,
monitoring one stage of the compressor, i.e. stage 1, would enable the life of the other
stages, i.e. stage 2, to be calculated through the application of a defined factor, e.g. 1.5
times. These factoring algorithms were often incorporated in the GSS and applied
whenever the life usage database was updated. Today, on-board processing is much
more capable, whilst on-board storage capability continues to increase in volume with no
increase in cost. All this means that there is now the capability to compute cyclic life for
more components than ever before on-board using a consistent algorithm approach.
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43 (Continued):

4.4

4.5

Alternatively, all the data can be recorded for analysis by the GSS in the usual way. The
latter approach remains the most flexible way to perform life usage monitoring but puts
extra burden on the air to ground data throughput and storage requirements.

Flight Profile Monitoring:

Where complete flight recordings are available from the EMU, these can be used to
validate engine design assumptions and monitor changes using the GSS. By looking
specifically at the flight profile of the aircraft with regard to any contracted operational

envelope
charge le
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resources.

Certain ¢
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make flig

vied by the OEM to the operator. The statistical analysis of this data

H on user request and does not therefore have a significant impact ¢

brmmetcial aircraft requlating authorities such as the Civil Aviation Al
nd the National Transportation Safety Board in the United States wo
ht profile monitoring a mandatory requirement forjoperational safety

ate or the
is usually
h processing

thority in
uld like to
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requirements do indeed become mandatory, the EMU functionality will need fo be able to
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Many of t
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Thereforg
such as

Another g
could end

date the appropriate data storage capabilities)

age:

he functions performed by a GSS.depend upon the information stor
by the system. The GSS will nérmally make use of a database for

, Use of one of the commercially available relational database soft
bracle or Access may provide the optimum solution.

ble some of'the GSS functions to be reduced by benefiting from ca

other sys
installed
life usag
return, th

and/or incorporatlon INto The database. 1he Loo may also interface with CUS

ems. In this case, the GSS may look after the short term managem
ngines;-passing relevant data such as hardware and software conf
inforfnation, installed performance and vibration information to the
GSS will receive either processed or raw flight data from the EMU

ed or
his purpose,

blder systems may rely on stored data files. This database may be ¢ustom
H for sophisticated GSS applications, although this is extremely expensive.

re products

ption is to look at'where the GSS fits into the overall EMS architectlire. This

babilities in
ent of
gurations,
EMU. In

for analysis
tomer and

OEM logistic systems passing and receiving part configurations, life usage information and
baseline engine information. There is always the option of using the GSS as an electronic
logbook for the installed engines it is managing.
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4.6 Initialization of On-Board Systems and Interface Devices:

Many modern systems utilize a non-volatile Quick Access Recorder (QAR) or Data
Transfer Device (DTD), such as a PCMCIA card, as the primary mode of data transfer
from the on-board to off-board system. The solid state PCMCIA card is a small, stable
device that can hold a substantial amount of data. These are preferential to PCMCIA
cards that are not solid state, which should be avoided due to data corruption problems.
Solid state PCMCIA cards are expensive however and can be used in most computers, so
as a result, can be attractive to light fingered personnel. If PCMCIA cards are used, they
should be formatted to a Windows FAT32 format to ensure the widest use. Optical discs
are also a popular medlum for data transfer Although they do hot hold as much data as a
PCMCIA card o g = ystems

Many airljnes are using the Very High Frequency Aircraft Communication Addressing and
Reporting System (ACARS) transmission for near real-time data dewnload to/the ground

wireless technologies for data transfer. Wireless methods provide transmissign reliability,
unlike metthods that require human intervention that have fuch higher failure| rates than
non-contact methods. These methods are also getting cheaper and systems using
wireless mobile phone technology that can operate at-the gate are being considered in
preference to ACARS.

It will be necessary for the GSS to clean and reinitialize this memory device hefore
reusing. This is performed via an interface with the hardware DTD that reads|the data
storage media and is likely to include the(information listed below. Other systems are
downloaded using a data retrieval uniti(DRU). Some EMS desighs may requifre the GSS to
upload data/information as defined\by'the EMU supplier or OEM. This will be[achieved
using the|appropriate device or by-wireless communication.

On-board media such as PCMCIA cards or optical discs will be considered a$ either an
aircraft on engine repairablé part, depending on where the system is located and wiill
therefore [be subject tothe appropriate regulatory requirements. The DTD or PRU will be
considergd as GSE-fools and therefore subject to those regulatory requiremeints.
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46 (Continued):

The following is a list of functions that require the GSS to prepare a file to be uploaded into
the EMU.

a. Life usage values for a newly installed engine, module or component for use in on-
board EMU algorithms (but only where total life used is stored)

b. New material coefficients or enhanced algorithms to be used in the EMU life usage
calculations

c. If a hightevetofcomponentconfiguration checking s performed by the EMU, the
ability| to add configuration information must be available as new enginedmodels or
components enter service

d. Updates to engine exceedance limits

e. Updated engine models or performance decks to supporton-board EMU parameter
trending e.g. Power Performance Index (PPI)

f. Baseljne engine vibration build information used foEMU anomaly detectlon

g. Data acquisition criteria and filters e.g. parameters, frequency, capture cgnditions, etc

accessory and EMU configuration information

VWhen dafa is downloaded from the EMU, it will be necessary to establish that the data has
not been porrupted. A checksum rotitine is a simple method of ensuring that the
transferrgd information is not corrupted by checking elements such as headef information
for the correct data, thus ensuring that problems such as data skew, missing data blocks
and pagep are identified. Aumore complex method, Cyclic Redundant Code (CRC), looks
for changes to file structure that may be indicative of an error before and aftef copying.
The CRC|method provides around 98% effectiveness, slightly higher than for|checksums.
The EMU| will create the checksum or CRC routine and this will then be checked at each
data exchange; .. between the EMU and the DTD/DRU, between the DTD/DRU and
GSS and|betwéen the GSS and Customer/OEM logistic systems. This proces$s will also
need to bptused when there is a wireless data transfer between the various glements of
the system.
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3

INPUT DATA:

In order to satisfy the various EMS functional requirements described in section 3, a GSS
must receive certain input data. The operator of the system is responsible for ensuring that
this data is provided. The GSS will be required to process and store several types of data as
defined by the system functional requirements. In general, the system inputs will comprise
any of the following data types:

a. Continuous recorded flight data

b. Processed flight data e.g. life counts, PPI, vibration, etc

c. Logistics data, e.g. engine configuration, location, etc
d. Maintenance data, e.g. event data, incident snapshots or exceedances, etc
e. Data trgnsfer validity data (checksum)

All engine data would be downloaded using the tools detailedhin the previous section of this
document. |n addition to these hardware devices, it is alsp possible to use telermetry or
satellite copnmunication to transfer data to the GSS. The.advantage of this is the reduction in
troubleshoqting time gained by being able to analyze(data before the aircraft hgs landed and
the recording media has been retrieved. Currently this capability is expensive ard
constrained by transmission packet size and bandwidth. Logistics and maintenance data
would historically have been entered manually from hard-copy records, but this has been
improved by the use of Customer/OEM electronic logistic data systems. Not sufprisingly,
continuous |[data demands the most stotage capacity because it contains both gteady state
and transient data for an entire operatioh. This is likely to include multiple engines, and
where apprppriate, installation parameters, e.g. aircraft, position, etc. The advajhtages of
having all the flight data and what that brings in terms of flexibility compensateg for these
demands. Data storage is also)cheaper than on-board EMU implementation when software
development, qualification, walidation and verification are considered.

The GSS npgeds to be\suitably equipped to replay any data and to convert it intp a form
required fon detailedhcomputer based analysis. This conversion process requirgs a function
to interpret thepésition of the bits and words in the data frame, relevant to each parameter,
and then apply the correct equation to convert these into engineering units. ere this data
has been recorded from a digital source such as the engine control system or aircraft, it may
already be in engineering units.
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5.1

5.2

Continuous Recorded Flight Data:

This technique is an offshoot from the development of the crash-protected Accident or
Flight Data Recorder (ADR or FDR). In the commercial aircraft community, this is currently
governed by ARINC characteristics 573 and 717. Commercial aircraft have used
ADR/FDRs to record flight data since the mid-sixties. This technigue is also now also
becoming common in military monitoring systems too, for reasons previously explained.

Processed Flight Data:

Processe
data, and
processe
engineeri

a. Event
b. Trend
c. Lifeu

d. BIT data

a. Event

Event or s
exceedan
detect. A

f ddtd ib uCIICIdtb‘d by t:lt; EMU dlld illb:udb‘b, Ilft; UodytT dcltcl, CVCTI
built-in-test (BIT) data. VWhere time-history records are included as
 data, it is normal for these to already be converted to the appropri
ng values. Processed flight data falls into the following categories:

(snapshot) data
data
sage data

(Shapshot) Data
snapshot data is produced by a detected symptom or failure, such a

ces, off-schedule operation or a pilet initiated event the EMS may n
typical EMS will store a record. of data whenever an engine opetratio

such as

peed or temperature, is exceleded or another detectable event such

data, trend
part of the
hte

S
ot be able to
hal limit,

as surge,

flameout pr digital control channelswitchover occurs. The amount of data in ¢ach record is

not necegsarily of fixed size; some-systems record a snapshot for a set durat
around 20 or 30 seconds, while.others record for as long as the exceedance

persists.

Some post-event data may also be included. A potential disadvantage of this
that the primary eventimay not have actually been recorded in the snapshot ¢
insufficient amount-of data. An example of this may be an incorrectly schedul
inlet guide vane«causing a high pressure compressor overspeed. In this case

using si

is normal for a_few seconds of pre-event data to be included in the

ple exceedance monitoring, would detect the effect but not the caus

on, usually
event
record.
approach is
ue to an

ed variable

the EMS,
e.
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5.2

(Continued):
b. Trend Data

Trend data is regularly scheduled and generally consists of engine and flight data records
in the same form as event data, triggered when trend conditions are met. Examples would
be take-off, climb, cruise, and thrust reverse reports. This data is critical for use by off-
board systems for performance trending, which drives engine removals, maintenance and
troubleshooting. A special trend record may also be defined, consisting of only those
parameters needed for trending that particular event. For all types of performance
trending, engine parameters must first be converted to international standard atmosphere
(ISA) congiti i i i nd
temperatdyires. A record should be sufficient to produce a statistically validrinput to the
performance trend algorithms. In most applications the job of correcting data and
calculating trends is a GSS function. When a very large number of trend records are
involved, ja requirement to compress trend data on the GSS database may exist. To assist
in this prqcess, it may be advantageous to group together and average older{sections of
the trend |history to produce a clearer view of the overall trend- movement.

c. Life Usage Data

The life usage database is updated using the informaation provided to the GS$ by the
EMU. Foll example, some systems that perform on-board life consumption store
cumulativie totals for each component. In this.case, the GSS should compare|the latest on-
board totals with the last previous reported totals and check that the rate of upage is within
acceptable bounds. Another approach iso calculate the life used on a particllar flight. In
this case the GSS will need to reduce.its record of life used by that amount fgr each
componeht. Other on-board systems.record all the flight data for download to| the GSS
where individual flight counts are calculated and stored for a large humber of|flights. This
data can also be used for re-lifing components in circumstances where algorithms have
changed pr been updated. (In situations where the EMS data has been corrupted or lost,
the GSS should incorpeorate facilities to update the database from alternative [data
sources, e.q. aircraft-¢perating records. For this purpose, the affected data wpuld be
replaced with substitute values based on a flight hour to cycles conversion faftor derived
from fleef] or individual engine data.
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5.2

5.3

(Continued):

d. Bit Data

One of the key EMS interfaces is between the EMU and Electronic Engine Controller(s)
(EECs) or FADEC. The latter incorporates extensive BIT capabilities to detect and isolate
faults within the device, circuits and equipment that interface with it. While a BIT fault
could produce an event record, it will generally produce only a single data word. When
interpreted this provides an indication of the failure of a component within the device or an
item connected to it. Some basic data may also be included, depending on the level of
data transfer from the EEC/FADEC. BIT data is normally interpreted immediately although

it may be
identified
electronig
times ang

Logistics

Access g
database

component ambiguity group. The GSS also has the advantage ofin
technical publications or have such links in place to minimize troub
increase engine availability.
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5.4 Maintenance Data;:

Maintenance data may be required in the GSS for several purposes. Engine and module
performance analysis and trending functions will require maintenance data to identify
whether any equipment changes may be responsible for any apparent change in engine
performance. A recorded change of balance weights leading to changes in vibration trend
history is another example. As previously mentioned, the removal and installation of
engines or accessories must be logged in order to assure the validity of the configuration
database. Similarly, all maintenance actions to remove and replace tracked parts must be
logged. In some cases, tracking the status of maintenance actions until they are closed
out may also be a GSS requirement.

If the usel has a separate system for logging engine maintenance, the G$S/ghould not
require dliplicate entry of that information. The GSS should be integrated, 6r networked
with any Customer/OEM automated maintenance data system if one already |exists. In this
case the GSS will either serve as the prime entry point for maintenance data or receive its
required information directly from the maintenance data system-ln many casgs,
supplemgntary information from the aircraft maintenance or flight log can assjst the
interpretation of EMS data. This is particularly useful whentanalyzing data from incident or
failure events. It is also important that maintenance and flight crew reports are recorded in
sufficient [detail to allow meaningful interpretation at a.later date.

55 Data Valigation:

Although the level of EMU sophistication is_centinually increasing, there are practical
limitations to the amount of data validation that can be performed on-board. Therefore, it
cannhot bg assumed that all data downloaded to the GSS is free from error. Data errors
can occur at any point in the data path from the sensor to the GSS. An error ¢riginating at
the beginning of the data path, e.g-a pressure transducer will almost certainly affect the
result of gny subsequent processing which utilizes the data. This could be addressed by
error detgction and correction techniques incorporated to isolate and remove(the data
errors as [close as possible’to the point of origin. Errors may well vary in magnitude and
character], causing avariety of effects in the final output, therefore a detection process,
such as gppike, datum, scatter, etc, is essential. All detected errors should be feported to
the user and appropriate warning messages included in the final output. Human error is
another comman cause of error introduced during manual input processes.
trapping techhiques can be incorporated in the input software routines in order to check
the confo i i i : idation in usually
carried out on the following:

a. Time history data
b. Life usage data
c. Engine build configuration data
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55 (Continue

d):

a. Time History Data

When acquiring time history or continuous data, it is normal practice to construct some
basic data validity checks using known sighal characteristics relevant to each parameter.
The simplest and most basic of these is to ensure that any parameter data is within an
acceptable range. If a parameter can only be positive or not greater than a certain limit,
the data need only to be checked to ensure it does not fall outside these two points. This
is very crude however, providing only limited information on the overall quality of the data.
Another fairly simple check is to compare the calculated rate of change between

consecuti

arameter. A

rate of change exceeding this limit, be it positive or negative, may indicate &ither electrical

interferen
relationsh
shaft spe
altitude. T
the GSS

b. Life Uj
Where an

life count
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sequencs
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appropriate action.
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If the GS3
always v3
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ce or possibly data flow interruption. Another common check,is\to |
ips between particular parameters. This could include comparing t
bds, engine inlet and aircraft temperatures and engine bay pressure
here are arguments for and against the principle of reproducing the
o provide an independent secondary validation of the EMU.

bage Data

EMU calculates life usage totals, it is reaSonable to expect the late
L. Likewise, it is reasonable to expectthe difference between the tw
he latest and previous count totals would not be reasonable. This ¢
e to a number of possible causes; EMS malfunction, corrupt data, ¢
data transfer, unreported.engine change, or change of EMU. For th
should incorporate cycle eount limits per engine flying hour, through
ted usage must passiin all cases, manual intervention would be reg

e Build Configuration Data

B retains:data on the engine build configuration, it is essential that th

ok at the
e engine
and aircraft
se checks in
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5 to be greater than those previously stored in the GSS, but not so large as to be

b values,
fference

ould be

ut of

is purpose,
which the
juired to take

is data is

lid. This is particularly important for the management of critical life-ljmited

hts-that carry a unique serial number to enable traceability in the ev

bnt of a

compone

Tt faitars or materalbatch problems. T he mostobvious vatidation

eck ensures

that no duplicate part or serial number combinations exist in the database holding the
current engine configuration data. It is important that this check be carried out at the time
of entering new data in the GSS to stop any further manifestation of the error. Validation
can be helped by introducing filters that allow only those serial numbers of a fixed length
or character structure to be input to the GSS, thereby preventing the entry of component
serial numbers that fall outside that range. There is a disadvantage however to imposing
tight controls on field length and structure when, or if, a genuine new serial number falls
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5.5 (Continued):

outside the specified field dimensions. The extent of this problem will depend largely on
the level of system privileges that exist at local system level. If the end user can amend
the character structure, the solution is simple, but less controllable than an arrangement
that requires the system to be updated by a central organization with responsibility for the
system or network. The system designer should carefully consider these issues with the
operator before deciding what is best for the particular operation.

6. DATABASE MANAGEMENT SYSTEM:

The Datab irements of the
particular monitoring system. This section discusses the scope and use of 2. DBMS,
including thle merits of a distributed versus centralized database, overall data integrity and
the procesg of data archiving and retrieval.

In most cades, a GSS will require the ability to store, manipulate, and selectively report on
large amounts of data. The types of data to be managed will include, but not bg limited to:
time-history data from sensor readings, test results, manualrecords, and calculated values.
This data will quite often have a high degree of interdependence. Although most of the data
processing) reporting, and management of the data is predefined or fixed, the gbility to
retrieve EMS data on an ad hoc basis is a common réguirement.

6.1 Databasg Structure:

Depending on the configuration of the ménitoring system, either a distributed|or
centralized system structure should be-considered for the GSS DBMS. Distributed
systems}re preferable for operations involving several sites where local autgnomy is a
requiremeént. The main advantage-of this being reduced risk associated with any single
point of failure. This would be useful for the military operators with elements ¢f a squadron
based at i number of locations at any one time. If however, it is a requirement to ensure
consistency of data in all'databases, problems may arise when copying data from one
GSS to ahother.

In a distriputed, data environment, records such as those required for fleet trepding will
invariably| be.copied and distributed to different sites, leading to possible replication
between gystems. In this case, controls such as advanced protocols for mainrtaining
concurrency and integrity within the structure are vital to ensure proper data
synchronization and effective operation. A two-phase commit protocol is a common
mechanism used for ensuring concurrency when updating GSS data residing at two or
more sites. The first phase prepares all the servers for the update, while the second phase

co-ordinates the commit process. If any site should fail the update, the transaction is rolled
back at all sites.
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6.2 Size of Active Database:

Every EMS designer must decide how much to keep in the active database. This question
is essentially answered by the requirements of the system as a whole. A trade-off between
the amount of useful data available for the user and the speed of the system often needs
to be made. As the amount of data increases, the speed of the system (access time, efc.)
will decrease. In addition, the larger the amount of data in the database, the longer the
backup procedure will take. Recent rapid increases in computing power and the relative
low cost of these systems has helped to mitigate this problem. An important consideration
when determining how much to keep in the DBMS is the density of the different types of
data and its ultimate use. For example, trend data files are relatively small whereas event
data files |||i9ht be-vet Y =a|9c.

6.3 Data Archiving, Backup and Retrieval:

The ability to archive old data periodically and back-up current DBMS information to
safeguard the database is a common GSS function. Several isstes require cpnsideration
when dedigning these functions and the procedures for using them, including|the need to
later retri¢ve that data. The frequency and amount of timerequired to performp archive or
back-up grocedures will be a major concern of the GSS manager. The size of the active
database|will greatly influence the back-up time and asithis increases, the user will
become less willing to maintain it. The rate of data @&ccumulation in the GSS should be
considergd because daily back up is more easilyYjustified where vast amounts of data are
entered every day than where a relatively sparse amount is entered. Automatic methods
to prevent the database from growing indefinitely offer the most effective solution with old
ys available

ROM or
writable

m with a

f data to be
ffer similar
nedium in the
0 be used in

ted
information from the primary database. Archive data retrieval is only required in
exceptional circumstances and therefore will not occur frequently. A good retrieval system
should include the capability for the user to select data, whereby only a subset of the
database need be retrieved. The user might want to retrieve data for a particular aircraft or
engine for a specified time period for example. Without the capability of data selection, the
retrieval system can be cumbersome and become virtually useless, especially when the
amount of archived data increases to exceed the memory capacity of the GSS.
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6.4 Security and Storage:

7.

7.1

It is likely that both military and commercial operators of either aircraft will expect the GSS
to offer various levels of security for database access, maintenance and protection.
Access and maintenance are covered elsewhere in this paper but protection of information
is a key issue. In certain cases, the GSS database may contain information relating to the
location of assets and this will need to be protected. The addition of read-access protocols
such as passwords and firewalls to prevent external interference or access should
address this issue. To prevent certain information within the database being accessed for
restricted operations, the GSS may operate stand-alone and only perform synchronization
with the other distributed systems when the platforms return to unrestricted operations.

The storalge of information archived or backed up from the GSS DBMS negds
d to enable it to be accessed following system failure or accidental fata loss.

maintaing

5 to be

One posgible solution to this problem is keeping master copies of archive or back-up disks

in a different location. This should preferably be off-site to ensure that data ¢4

recovered

possible $uch as a ship, the data should be held in a specialdocation such ag

OUTPUT D

The main u
organizatio
as the adm
provided in
Interchangd
spreadshes

Maintena
The most
a. Time

b. Maint
c. Cond

even if the GSS location is destroyed. In circumstances where this

ATA REQUIREMENTS:

5e of the GSS is to provide outputs to support maintenance and log

nistration of performance guarantees: The output from the GSS shq

a compatible format, such as American Standard Codes for Informsa
(ASCII), to ensure it can interface with existing off-the-shelf databg

t software products.

nce Data:

useful GSS outputs for maintenance purposes are:

history plots/listings

bnance action advisories
tion status reports

h be
may not be
a fire store.

stics

ns. This may include individual and fleet-wide performance assessnfients as well

uld be
tion
se and



https://saenorm.com/api/?name=f050c3d3b605f2485f9a67b08d64b9e3

SAE

AIR4175A

Page 24 of 39

71

7.2

(Continued):

a. Time History Plots/Listings

It is common for the EMU to record some form of time history data, either for incidents or
continuously. Performance related indices and trends can be derived from this data and
identified through graphical display by the GSS. In the case of multi-engined applications,
the deterioration of an engine can be detected through comparisons with sister engines.
This information is essential in the administration of performance guarantees.

b. Maintenance Action Advisories

The GSS
recorded
the pilot 5
capability]
event rec
of the evd
therefore
each typs

should alert maintenance personnel to any pre-defined incidentor’éxceedance
and downloaded from the EMU. An event record will also be proeduged whenever
enses that something is wrong which the EMU may not notmally detect. This

is dependent on whether an aircraft is equipped to allowthe pilot td initiate an
brd. Generally, this data will include all the available parameters forthe duration
nt, possibly including a few seconds before and afterwards. The G$S must

be able to produce a standard range of graphical'and tabular outputs related to

of incident or exceedance. This should include individual and fleet-

assessments of such event.

c. Condition Status Reports
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Data:
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ctivities if managed correctly. Many old systems have been develo|

wide
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y different
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nce and
ed to help

with the management of engines, modules, and parts using a manual data in
to realize the benefits from any automated EMS capability, these must either be
augmented or replaced with more capable systems to utilize the vast amount of extra data
produced by an EMS and make use of essential information held electronically in other
systems. There are two types of information considered as key logistics data:

a. Forec
b. Upwa

asting of engine part removals
rd interfaces

but. In order
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7.2

8.

8.1

(Continued):

a. Forecasting Of Engine Part Removals

The life consumption by a particular engine will be directly proportional to its usage. With
accurate life usage data held in the GSS database, the potential exists to develop simple
extrapolation algorithms to plan engine removals. This can be performed on various
components, using current life usage rates to forecast the optimum time to the next
scheduled engine removal and which components will be in need of replacement at that
time to meet the required engine release life. It should be noted that cyclic life usage
monitoring does not replace the requwement to record englne operatlng time or engine

flying ho
may necs

b. Upwald Interfaces

Engine lif
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ssitate prior removal of the engine.

icing which

b usage data is invariably required by logistic systems o allow forward
scheduling of engine shop visits and inventory planning. ThelGSS, therefore,
capable df exchanging data routinely with these logistic systems without inter
routine processing.

needs to be
fering with

ledge of the
ced users of

ed as

ADVANCED CAPABILITIES:
This section introduces advanced GSS functions:that utilize the specialist know
OEM and/oI operator. Other systems utilize historical knowledge from experien
the systems and equipment in an empiricalmanner to relate diagnostic information and
results on g GSS. Some of the capabilities developed by the OEMs are market
proprietary products.

Expert Troubleshooting Systems:

It is possible to provide,the/GSS with some form of intelligence or interpretati

to evalua
for event
analysis i
maintena

e the data,-Recent developments have led to the incorporation of e
lata analysis and maintenance diagnostics into GSS. The objective
5 to isolate the probable cause of the incident and suggest the appr
hce.actions to be performed.

e capability
pert systems
of this
bpriate

Expert systems are software programs thatl attempt to "capture” the knowledge of
experienced experts and make it available to the less skilled. VWhile it is possible to
develop an expert system for a particular application, it is more common to use a
commercial product or "shell" into which the knowledge for a particular application is
incorporated. Commercially available expert system packages cover a wide spectrum of
capabilities and it is essential to select one that will provide the level of sophistication
required, as well as being compatible with the target hardware environment. The decision
to utilize this technology, as part of the overall EMS architecture should be made bearing
in mind the following considerations:
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8.1

8.2

(Continued):

a. Ease

of learning to use the system

b. Ability to interface with other software

c. Ease

of maintaining the knowledge based system

d. Facility for documenting the knowledge base

Expert systems typically process the EMU recorded data automatically using the same
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hough they offer the most benefit when large amounts of informati
for diagnostic analysis. This level of data volume will produce comp
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uggedized laptop computer has enabled this process to be perform
g directly to the engine.
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using the
engine. I
experiend

Module A

Performa
deviations
the meas
module lg
thermody
objective
responsik

this case it may be necessary to develop the initial knowledge bas
e from other engines and/or from engineering analyses.

erformance Analysis:

nce algorithms estimate both the component efficiency and flow cap
5 from the observed measurement deviations whilst simultaneously
Lirement error in the.gas path data. The analysis of performance tre
vel can involve complex computational processes that make use of|
hamic designdata for the particular engine type under investigation
of module performance analysis is to determine which components
le for anobserved engine performance deficit and to help the user

appropriate work-scope to restore performance. Performance analysis softwg
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> naintenance history of the engine.

The EMU records module performance data, normally during cruise in order to limit the
impact of modeling errors. This is important because engine transients change component
efficiencies and add to the uncertainty of the analysis. It is also important to account for
variable geometry, active clearance control, and other control elements. Measurement
error is a major problem that must also be considered if useful results are to be produced
from the analysis. The first step of the analysis is to determine the offset of the gas path
measurements from a predicted level. This level may be generated using
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8.2

8.3

8.4

(Continued):

the OEMs cycle model (performance deck), or it may be derived from a representative fit
of flight (or test cell) data. If a cycle model is used, it is adjusted to better predict the gas
path measurements via the use of representative service data.

Module performance analysis is now a reasonably established technique but should be
viewed as only one source of information for making engine removal and work scope
decisions. Inspection results, pilot reports, maintenance records, and other input should all
be considered in addition to module performance analysis results in making these
decisions.

Integratedl Logistic Support Disciplines:

Most aircfaft systems, especially military ones, are developed under Integrated Logistic
Suppoert (JLS) principles. In particular, the extensive Testability Analysis and Logistic
Support Analysis Record (LSAR) work can now be incorporated-in the GSS. The
Testability Analysis is a probabilistic approach to fault detectien and isclation| normally
developed for line replaceable components such as engingaccessories. These normally
include it¢ms such as the engine control unit, fuel and/or afterburner control dinits, engine
sensors, [gniter plugs, etc. This analysis can provideta. probabilistic hit list for|maintainers
to address against each fault mode. The hit list canthe linked through the LSAR to
Technica| Publications, especially if they have héen developed to the AECMA 2000D
Standard| Moreover, the GSS can facilitate a closed loop system in this areawhere
maintaingr feedback can be entered into the system such that hit list can be improved.
This feedpack, will also underpin the LSAR and Testability Analysis, increasing its
accuracy|resulting in a potential of continuous improvements in engine maintainability.

On-Line Maintenance Manuals:

incorporate electronic manuals into the GSS. These manuals can complement more
traditiona| GSS functions, providing displays for identifying components and procedures
for removial and replacement. On-engine test procedures for fault isolation are also
appropriate material for incorporation in an electronic manual. Whether this type of
technology should actually be applied in a GSS will depend on how and whete it will be
used and|whether the hardware requirements for both activities are compatiblle. For
example, oW L] i i i icatillustrations
are much greater than for GSS data. These special hardware requirements may not be
justifiable or practical for some applications.

Recent developments in mass data storage technology have made it possibli to
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9. USER CONSIDERATIONS:

9.1

The human operator is often regarded as a mere user of the EMS, though in reality they are
probably the most important part of the sys tem. If the user cannot operate, or has no
confidence in the system and what it does, it may very quickly lose credibility and become
useless. It is, therefore, of paramount importance to consider human factors when designing
not just the operational, but the functional aspects of a GSS, too. After all, the purpose of an
EMS is to help engine maintenance personnel do their job more efficiently. The opinions and
requirements of the user should be solicited throughout the system design and development
phase and implemented as far as possible when the system is eventually fielded. Thorough
and detailed training is therefore essential to the successful implementation of a GSS.

User Re(Juirements Analysis:

At the prdject initiation stage, there should be a system requirements|documegnt defining

the functi
complete
undertaki
the syste
processe
user parti
eventual

these are
features s

requirements, etc.

Naturally,
engine. F
be no exj
gain acce
provide a
other sim

detailed system requirements document should not be-finalized wit
hg a full user requirements analysis involving the pérsonnel who wil

bhal algorithms, hardware platform, interfaces, operatingenvironment, etc. A

nout
actually use

m when it begins operation. This could benefit from/existing ‘use casge’ analysis
5 and should ideally examine every aspect of therGSS in order to encourage full
cipation at the initial design stage and to develop a sense of ownerghip for the

ystem. The main focus of this analysis shiould be the user interfaces, since

uch as operating protocol, screen formats, menu options, hard cop

this is more easily accomplished if the GSS is being developed for
or applications where the'éngine is not yet itself in operational servi
erienced user with whomrto consult. However, every effort should b

gualified comment on the system design proposals and offer lessot
lar systems.

the interactive parts of the system. These aspects generally concefn basic

an existing
ce, there will
e made to

ss to suitably experienced personnel within the operator's organizafion who can

s learnt from
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9.2

9.3

Human Factors:

It is important that the intended users can operate the GSS with ease, without
unnecessary complication or the need for frequent reference to technical documentation.
Most users will have a reasonable knowledge of computer systems and should have no
need to use their complex functions at regular intervals. Wherever possible, the GSS
should enable the user to perform easy and understandable straightforward transactions.
Ideally, the user should not be required to enter more than one or two key presses to
execute a particular function. Screen format, menu structure and the use of color all
contribute to producing a user-friendly environment. Moreover, a well designed on-line
help facility can serve as an excellent training aid for new personnel who have limited

experien
access to

address. [This could be based on existing successful commercial off-thg-shelf
provided py numerous information technology suppliers today.

User Access Control Considerations:
The cost-effectiveness of the GSS and thus its fiscal healthumay be depende

ability to satisfy a number of different requirements. A GSS may therefore ha
such as operational quality assurance datatanalysis, auto flight systems

functions

performance, extended range operations effectivengss, airframe structural fa
monitoring, and perhaps even meteorological data gathering resident on the

computer|

need for ¢lear and well-defined access management, concentrating on free a
only to the appropriate data, by each user) The system designer must be awg
requirements to enable end user access to the data and results which they "g
need to prevent unauthorized usersfrom changing data in the database.

The following issues need to.be considered:

a. Gene
b. Privild

£ H FanY aX o2 3 : He Y 1 PP 1o la
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system support such as a point of contact via a telephone number

system. For a system to support a wide range of users, there is an

Fal facilities
ge functions

Uld have easy
br email
models

"t on its
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ccess, but
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9.3 (Continued):

94

a. General Facilities

The method of controlling access to GSS data will vary, depending upon the facilities
available in the environmental software. Some operating systems, for instance, will have
privilege setting arrangements already available, others will require the system manager to
procure them. In any case, it will be the system manager's job to set them up. The method
by which the users are to gain access to "their" data must be taken into account. In a
centralized system, where all the output peripherals are in one room, access can be
arranged locally, with password control of the relevant print functions, for example. For

distributeq
the acces
persohne
operator
the outpu

arrangement is heavily reliant on individuals and is not generally-seen as a d¢

solution.
b. Privile

Privilege
highest p

; indeed, many will argue that this is the most effective. For exarmpl
loubles as the system manager, they are the only person althorize
k, ensuring that this is passed directly to the authorized end users. K

e Functions

evels are usually arranged with the system manager since they will
fivilege level with access to all system functions. Each end user mus

1—$ystem?wrth-remcne-tem'nrna-l?,the-ge\:gra'ph\]-crf-the-srte-mtlst-a-lsEI be part of
s control arrangement. Access control may alternatively be vestedin authorized

b if the

H to handle
owever, this
ependable

have the
5t have their

own privilege arrangement, giving access to specific data or output routines while

preventin
using pasg
where a1
arrangem
unauthori
where ne

User Inst

This sect

instructio
a. Operd
b. Syste

c. Syste

) access to certain other data. This\is best arranged on the operatin

etwork uses modem or othet-non-specific lines or post-boxes, rigor
ents are necessary to enstire protection against “hackers" or accids
Fed agents. Consideration should also be given to provisioning thes
Cessary, to maintain export control restrictions.

uction:

on discusseés the importance of the following as part of the overall u
N requirements:

g system

sword, user-name or accountsname control. For distributed systems, particularly

bUS
ntal
e functions,

Ser

ting' manuals

M operator training
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9.4 (Continued):

No matter how well designed a GSS may be, the ability to use it will depend on the know
ledge vested in the user. Although it is possible to assign a new user in order for them to
operate the system, this is likely to cause frustration and lead to errors if they have had no
organized training. For this reason, it is imperative that adequate operating instructions are

available,

a. Opera

preferably supported by an appropriate training program.

ting Manuals

Operating manuals should provide the user with all the information necessary to enable

the install

Started" gection, including simplified instructions for familiarizing an unacgua

inexperie
good und

hced user with software operating procedures, should be ideal for p
erstanding in the shortest possible time. Additionally, the manual s

a '‘Quick $tart' section for simple tasks. This builds user confidencerand enco
user to uge the system. Detailed instructions should be provideg-for the expe

with secti

bns containing shortcuts being considered. Examplés of screen dis

options, plots, and other outputs should also be included Akis very important
list of all ¢rror messages with details of the possible causes and remedial act

taken.

b. System Operator Training

A comple

with the s

system is

efficiently]

applicati
requirem
the GSS
a system
specific s

Whatever
ideal. Forf

te training program reduces the ingidence of operator errors due to
ystem and the need for outside(assistance in the operation of the G
in place. Once properly trained, support staff will be able to use the
and with greater confidence. The amount and type of training will d
n, budget restrictions, availability of users, and the Customer's

hts/constraints. In general, the users need only be trained on the o
n order to perform data processing tasks, since for most operations
manager. If the\maintenance site is very small, it is possible there
ystem manager and that all users need to be trained in system adm
the coursefocus, a combination of classroom and over-the-shoulds
a moderately sized GSS operation, both methods should be emplo

etting
nted or
oviding a
ould include
rages the
ienced user
lays, menu
fo provide a
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Linfamiliarity
SS, once the
GSS more
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