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Executive Summary

Chapter One
Executive Summary

1.0 SUMMARY

The performance of aviation maintenance and inspection
personnel is direcdy relared to the design of their tasks, the
training given to them, the tools they work with, and the
natureof theirwork environment. Thegoal of theaviation
maintenance system is to ensure the continued safe and
efficient operation of aircraft. Toward that goal the Fed-
eral Aviation Administration instituted the Human Fac-
rors in Aviation Maintenance Research Team to focuson
a variety of human factors aspects associated with the
aviation maintenance technician and other personnel
supporting the maintenance system goals.

The team was comprisest of personnel frem government,
private industry, and academia with strong expertise in
human factors. They were assisted by experienced indus-
ty maintenance personnel and cerified airframe and
powerplant technicians. The results of their efforts are
induded in five chapters, this first chapter being the
combined executive summaries of the other four. Specifi-
cally:

Chaprer 1 - Executive Summary

Chapter 2 - Study of the Maintenance Organization

Chapter 3 - Study of the Maintenance Technician in

Inspection
Chapter 4 - Study of Advanced T'echnology for Main-

tenance Training
Chapter 5 - Study of Job Performance Aids

In addition, information dissemination was achieved
through the conduct of four conferences relaring to the
material of the four chapters. The results of these are also
induded in this summary.

Each of the chapters listc 1 above, 2 through §, have been
treated so as to bea “stand alone” or independent research
report. This chapter, the Overali Executive Summary,
provides the rationale for the overall program and high-
lights the methods, primary findings, and subsequentdy

planned rescarch and development.

1.1  PROJECT RATIONALE

The work to date has identified numerous areas where
human factors rescarch and development is likely to
improve efficiercy and effectivencss in the mainrenance

systemn. Subsequent research, 1991 and beyond, will

develop demonstrations for implems=ntation and evalua-
tion within operational maintenance organizations.

The aviation maintenance system is complex. It is influ-
enced by avariety of entitiesand factors asshown in Figure
1.1. The system includes the aircraft manufacturers who
design, build, and sell aircraft hardware, software, accesso-
ries, documentation, and a variety of supportservices. The
airlines, and other operators, purchase, operate and main-
tain theaircraft and also supply equipment and services to
other operators. Vendors supply aircraft components,
maintenance equipment, and support services. Repair
stations supply contract maintenance services and other
support. Schools, private and public, offer training ser-
vices.

Regularors, like the Federal Aviation Administration (FAA),
the Occupational Safety and Health Administration
(OSHA), 2nd others, provide the regulatory environment
in which the system cperates. These independent entities
exist in an integrated environment thar the Air Transport
Assodiation (ATA) characterizes as a thres-legged stool
shown in Figure 1.2. The crossmembers between thelegs
of the stool represent the en-going cooperation, commu-
nication, and dependency among the three legs.

A research and development program in aviation mainte-
nance is driven by the following facts:

1. Public sentiment demands a continuing, of-
fordable, and safe air transportation system
following narional concern over recent mainte-
nance-related incidents and accidents.

2. Maintenanceworkload is increasing duetosuch
factors as:

* increased traffic

* increased maintenance requirements forcon-
tinuing airworthiness of older aircraft

* increased requirements for new technical
knowledge and skills to maintain new tech-
nology aircraft

3. Demographic projections predict a shortage of
qualified technicians.

4. Competitive pressures dernand that mainte-
nance organizations increase efficiency and ef-
fectivenesswhile maintaining a continuing high

level of safery.
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Figuie 1.1 The Complex Aviation Maintenance System

OPERATORS

v N

REGULATORS

Figure 1.2 The ATA Three-Legged Stool

1.1.1 Public Demand for Continued Safe
Fublic Air Transportation

Safe and reliable air transportation is a reasonable public

demand. Commercial air transportation is, in fact, safe

and reliable with trends toward ever-decreasing incidents
per passenger mile flown (Office of Te-~nology Assess-

ment (OTA), 1988). Nevertheless, the infrequent ind-
dentsassociared with air travel do influence publicust in
the air ansporation system. The 1990 crash of the
United Airlines DC-10 in Sioux City, lowa, raised ques-
tions about airline maintenance practices. The Aloha
Atrlines 737 accident showed thar maintenance and main-
tenance training practices were the major cause of the
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explosive decompression and structural failure of major
skin components (NTSB, 1989). While these incdents
resuited in the loss of life, the overall safety and redun-
dancy of the aircraft combined with the training of the
crews prevented total catastrophe in both cases.

Since maintenance practices were involved in the ex-
amples above, as well as in other incidents, operators and
the government are paying increased attention to the
human in the maintenance system. The Aviation Safety
Rescarch Aa of 1988 (PL100-591) mandated thar re-
search attenition: be devoted to a variety of human perfor-
mance sssues induding “sircraft maintenance and inspec-

»

aon.

1.1.2 Increased Maintenance "Werdoad

From 1980 to 1988 the estimated cost of airline mainte-
nance increased from $2.9 billion to $5.7 biliion (GAQ,
1990G). The increase is artributable to numerous factors
induding an increasein milesflown, an increase
in number of aircraft added to the fleet, and increased
maintenance for conrinuing airworthiness on aging air-
cr.ft. Table 1.1 shows the increases in dollars spent on
maintenance, passer.ger miles, number of aircraft, and
number of maintenance technicians (GAQO, 1990 and
ATA, 1989 Summary Dara) from 1980 through 198%.
Figure 1.3 shows that the increase in the number of
aviation maintenance technicians has the lowest percent-
age increase of all the caregories in thar eight-year pedod.
These data suggest thar workload or: the individual tech-
nician has increased. Therefore, research attention 1o the
human in the maintenance system is likely 10 have high
potential toincrease maintenance efficency, effectiveness,

and safety.

1.1.3 Demograhics

The OTA, the U.S. Depa: . .1ent of Labor, th:. Air Trans-
port Association, the Future Aviation Professionals Asso-
ciztion, the Aviation Technician Education Council, the
Professional Aviation Maintenance Association, and nu-
merous other groups maintain estimates regarding the
projected shortage of aviation maintenance rechnicians
(AMT) over the next ten years. T here is unanimous
agreement that there will bea need for 100,000 - 120,000
AMTs by the year 2000. The number is based on the
current number of technicians combined with new posi-
tions related to new aircraft and increased attention to
continuing airworthiness of older atreraft. Using those
estimates and the estimates of the numbers of new A&P
certificates, tue shortage will range from 65,000 10 as
many as 85,000 ncw AMTs needed by the vear 2000.
Tabir 1.2 depicts the estimares.

Most of the new AM T workforcewill bedifferent that the
current AMT workforce, which is comprised of males
over 30 years old (69% in 1988 (Dept. of Laborn), with
nearly a third of this population having over 20 years
experience. As these experienced technicians retire their
positions wiil be largely filled by inexperienced personned.
The new work force will require greater training ard job
support systems, both of which will be products of a
human facrors research program.

1.1.4 Competition for Resources

With increasing passenger miles flown and increasing
numbers of fiights per day there is considerable compet-
tion for resources, especially berween operations and
maintenance. The cperations departments need more
airpianes, for more routes, for longer periods cach day.
Theincreased flight hours and emerging requirements for

1980 1983 % Increase
Maintainance Costs $2.S Billion $5.7 Bitlion 36%
Passenger Miles 255 Billion 433 Billion 65%
Airagaftin U.S. Fleets 3,700 5,022 36%
Numbher of Mechanics 45,000 55,000 22% é

Table 1.1 Percentage Increase in U.S. Airlines 1980 - 1988
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continuing airworthiness on aging aircraft require more
maintenance. The finize resources include, as examples,
time, shop fioor space for maintenance, equipment for
inspection and maintenance, and AMT personnel. The
limited resources are competing to match aircraft avail-
abi'hty with the transportation system demands. The
increasing fleet size, matched with the fact thar by 1995
nearly 65% of the aircraft wili be over 20 years old
(National Council on Vocational Educarion, 1991), sug-
gest that there is 2 serious potential shortage of the
resources (human, squipment, and spacr) to inspect and
repair aircraft (GAQ, 1990). There is a need to increase
resources across the board. In addition, there will be a
special need 1o help the rechnician work “smarrer” and
genesally increase the overall capability of the human, as
well as the system, to service the growing numbers of
aircraft.

1.2 HUMAN FACTORS DEFINED

1.2.1 What is Homan Factors

Human factors studies the performance of the human as
an operating dement within agoal-directed system. Inthe
design and use of a system, the human is viewed in the
same manner as any system component. Ifthe system isto
funcrion effectively and efficiendy, the designer must
understand the operating characteristics of each compo-
nent, including the human. Human Factors research
sezks information on laws of human behavior, the capa-

bilities and limits of humans, effects of environmental
factors, and rules for optimizing the use of humans in
present-day systems. The research team recognizes that it
is iiot always possible to trear the human as a predicrable
element in a system. Human nature, work ethic, and
variety of such innate behavioral variability threatens a
dassical engineering treatment of the human in a system.

The broad goals of human factors research requirea muld-
isciplinary effort drawing on information from speciali-

ties such as psychology, physiology, ecology, engineering,
medicine, educarion, computer science, and others. Infor-
marion from thesesources s used todevelop procedures for
system design, for operational system use, 2nd for ongoing
evaluarions of system effectiveness. In all cases, primary
attention is given to the human operator.

1.2.2 Why Human Factors Research in Aviation

Maintenance

The human in aviation mainterance can be conceprual-
ized as a2 person-machine system, as shown in Figure 1.4
Inpur and output variables can be dearly specified. The
process itsdlf, as shown, is labor-intensive, with the Avia-
tion Maintenance Technidian being, by far, the most
irmportant system element. In order to achieve the desired
system output, an understanding is required of the many
facrors (working environmen, training, etc.) which affect
the performance of technidans. Human factors examines
all of these variables, their effect on technidan perfor-
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Projected AMT Requirement through 2000

100,000 - 200,000

AMTs Employed in 1988 55,000
Estimated New Positions 45,000 - 65,000
Estimated Attrition Through 2000 45,000
Estimated Training Completions 25,000

Projected Shortage of AMTs By 2000

65,000 - 85,000

Table 12

Avaition Maintenance Manpower Requirements Through the Year 2000
(Dept of Labor (1990), ATA (1990))

mance, and the rcsu.nng quality of system outpur. Using
thisinformation, amaintenance system can bedesigned to
minimize system error and to ensure that aircraft are

available 25 needed and are fully safe for flight.
Human factors can have significant effect on the perfor-

mance of the total aviation maintenance system. Human
facrors can affect hardware design and manufacture; the
design and implementation of maintenance tools and
procedures; and theselection, training and overall support

of the human as a crtical component of the aviation
rnaintenance system.

Human factors provides approaches to make efficient use
of human resources, while ar the same time mairtaining
margins of safety. Importantly, while only wo to three

t of accidents are attributed to pilot error, Weiger
and Rosman (1989) have dara which indicates thar about
40% of all wide-body aircraft accidents atrributed to
human error begin with an aircraft malfunction. Reduc-

.Maintenance
-Tools and
Processes

Figure 1.4 The Human in the Maintenance System
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ing aircraft malfunction is a primary goal of maintenance
programs and the humans who carry out those programs.

i3 STUDY OF THE MAINTENANCE
ORGANIZATION (CHAPTER 2)

This research was a study of maintenance organizations
from an organizational psychology and systems engineer-
ing perspective. The intent wzs to identify how commu-
nication is accomplished within 2 maintenance organiza-
tion. The research also focused on how maintenance
organizations set and accomplished technical goals.

A rapid but systematic assessment of aviation mainte-
nance technician interaction in eight U.S. companies was
undertaken in early 1990. Over 200 AMTs, their fore-
men, and maintenance managers were interviewed and
observed during two 1o four day visits of heavy mainte-
nance checks of aging aircraft. The data from these visits
were coded and dassified using socio-technical systems
(STS) concepts to identify organizarional purpose, values,
environment, product, and patterns of communication
(Taylor, 1989). STS principles (Cherns, 1987) were then
used to help assess the compatibility among those various
components.

1.3.1 Awarcness of Maintenance Goals

The survey suggested that individual AMTs did not
always have a complete understanding of the company
purpose regarding the role of maintenance. The mainte-
nance personnel necd 1o be able to individually describe
their role in concert with the company purpose.

1.3.2 Competence of the Workforce

The survey. albeit not all encompassing, indicated a
shortage of experienced AMTs. Several factors are respon-
sible for this sitv~tion. In thelate 1960’s, the maintenance
force was comprised of AMTs with experiences gained
during n. ditary service, supported by skilled general fore-
men, scheduling cadre, and instructors to broaden the
AMT knowledge as newer aircraft such as the Douglas
DC-9 and Boeing 727 joined the established fleer of
Bocing 707’s and Douglas DC-8s. The oil crisis of 1972-
73, increased fuel costs resulting in increased fares. In-
creases: fares caused a reduction in load factors, causing
arlines to lay off newer mechanics. Unfortunately, as the
crisis eased, these mechanics were not rehired, to a large
degree. The slow economic times of 1979-83, coupled
with deregulation, generated a cost-conscious industry, a
sign of which is reduced inventories of aircraft parts and
leaner staffing.

Finally in 1988 through the present the “new” fleet of
1970 aircraft are now the aging aircraft, exhibiting the
need for increased inspection and repair. The AMT

workforce however, with the experienced AM T's retiring,
being promoted and transferring, currently exhibits a
bimodal distribution with the AMTs either being very
experienced, or having litle (3 ycars or fewer) experience.

With the aging flect problems involving extensive sheet
metal repair, the newer AMTs are working to develop
skilis and experience te complete repairs which are com-
patiblewith commercial transportdamage tolerance prac-
tices. This leamning process can result in delay and ofienin
re-repair, a situation that is not acceptable to the ume
pressure type of maintenance operation.

1.3.3 Teamwock

The survey clearly indicared that above-average coordina-
tion, cooperation, and communication produced less
frustration and improved work performance. Where com-
munication was not a high priority, high turnover, low
morale, and concerns about the high maintenance work-
ioad resufted. Contributing to this problem was the
complexity of coordination among maintenance, plan-
ning, stores and shops.

1.3.4 Commitment

The overwhelming majority of AMTs contacted during
the survey expressed enjoyment in maintenance and
mechanical repair. A strong desire to see the “big picture”
was exhibited throughout the mechanic, inspector, plan-
ner and managerial workforce. Regarding intent to re-
main in the maintenance operation, the planning force
was the group considered most likely to move on to other
areas.

1.3.5 Phase I Plan

In the second phase the researchers will develop a docu-
ment that will be a guideline for effective communication
within maintenance organizations. The document will be
designed with, and written for, all levels of maintenance
management. The document will address issucs related to
maintenance management style, the structure of the
maintenance organization, job design for application of
new technology, defining purpose and goals within a
maintenance organizarion, and other topics related to the
pursuit of excellence within maintenance organizations.
This wrirten guideline will be available to the industry at
the completion of Phase 11, in late 1992.

1.4 STUDY OF THE MAINTENANCE
TECHNICIAN IN INSPECTION
(CHAPTER 3)

The Federal Aviation Administration policy regarding
aircraft structural design is that of damage tolerance. This
approach accepts that cracks and corrosion in meal
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aircraft do, by definition, exist through the life of the
aircraft. The inspection interval applied to the damage
tolerant design is that which will detect the defect before
it presents 2 hazard to safe flight. The inspection interval
is maintained by humans doing the job manually or with
some form of inspection device. In either case, humans
and machines are fallible. Ways are needed to make the
syster components less error-prone, and the system itself
more error tolerant.

The approach in this chapter is to determine typical
human/system mismatches to guide both future research
and short-term human factors implementation by system
participants, Also, by providing a human factors analysis
of aircraft inspection, itis intended to make human factors
techniques more widely available to maintenance organi-
zations, and to make aircraft maintenance more accessible
to human factors practitioners.

Error-prone human/system mismarches occur where task
demands exceed human capabilities. The necessary com-
parisons are made through a procedure of task description
and task analysis. Task description enumerates the neces-
sary task steps at a level of detail suitable for subsequent
analysis. Task analysis uses data and models of human
performance to evaluate the demands from each task step
against the capabilities of each human subsystem required

{or completion of that step. Examples of subsvsiems are
sensing (e.g. vision, kinesthesis), information »rocessing
(e.g. perception, memory, cognition}, and output (e.g.
motor centrol, force production, posture maintenance).

Table 1.3shows a seven-task generic task description with

examples from each of the two main types of inspections:
Visual Inspection (V1) and Non-Destructive Inspection
{(NDI.

Given a generic task description, the next requirement is
to bring human performance models 1o bear on the tasks,
and hence form 2 task analysis. Two ways were found to
perform this. First, the critical human subsystems were
checked at each task step. Second, observations of likely
errors, human factors improvements, and error-related
issues were made from observations taken. Theseled toa
composite task description/task analysis form as an in-
project working document.

To document the human and system error potential, the
approach taken was to have the analysts visit several
maintenance/inspection sites and work with inspectors to
complete task descriptions of representative tasks. Inspec-
tors were observed, questioned, photographed and inter-
viewed, often on night shifts and under typical working
conditions. (The degree of cocperation, enthusiasm and

Stop if any indicalion.

TASK DESCRIPTION VISUALEXAMPLE NDI EXAMPLE

1. Initiate Get workcard, read and understand area Get workcard and eddy current
10 be covered. equipment, calibrate.

2. Access Locate area on aircraft, get into comect Locate area on aircraft, position self
position. and equipment.

3. Search Move eyes across area systematicaily. Move probe over cach rivet head.

Stop if any indication.

4. Decision Making

Examine indication against remembered
standards, e_g. for dishing or corrosion.

Re-probe while closely watching
eddy current trace.

| s Respond Mark defect, write up repair sheet or if Mark defect, write up repair sheet,
no defect, retum to search. or if no defect, retun to scarch.
i 6. Repair Drill out and replace rivet. Drill out rivet, NDT on rivet hole,

driil out for oversize rivet.

7. Buyback Inspect

Visually inspect marked area.

Visually inspect marked arca.

Table 1.3. Generic Task Description of Incoming Inspection

with Examples from Visual and NDI Inspection

~J
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professionalism of all of our “subjects” was remarkable,
and reassuring to the traveling public.)

1.4.1 Summary Findings

There are many places where Human Factors interven-
tions can be effective. This Chapter describes experience
in applying Human Factors to inspection tasks in manu-
facturing industry. In summary these indude:

* Changing the system to fit the operator:

1. Improving visual aspects - lighting, contrast,
target enhancement, optical aids, false colors
on video.

2. Improving search strategy - briefingffeed for-
ward, aids to encourage systematic search.

3. Enhancing fault discriminability - standards
at the workplace, rapid feedback.

4. Maintaining correct criterion - recognition of
pressures on inspection decisions, organiza-
tion support system, feedback.

5. Redesigning the aircraft and its systems to
improve access, search and decision, i.e. De-

sign for Inspectability (Drury, 1990).

* Changing the operator to fit the system:
1. Selection/placement - visual function, per-
ceptual style (Drury and Wang, 1986).
2. Training/retraining - cuing, progressive part
training schemes, controiled feedback
(Drury and Gramopadhye, 1990).

When applied specifically toaircraft inspection, Table 1.4
showsasummary of the potentially-uscful strategics. They
range from the simple (such as improved flashlights and
mirrors for visual inspection and safe, easily-adjustable
work stands) to the complex and costly (such as pattern
recognition-based job aids, restructuring of the organiza-
tion to provide feedfcrward and feedback).

The FAA recognizes that communications and training
need immediate attention. The aviation maintenance
information environment (Drury, 1990) complicates
comrunication between inspectors and their co-workers
(e.g. feedforward information). berween inspectors at
shift change, and between inspectors who find a problem
and those who must reinspect and approve (“buy-back™)
that repair. Training is largely on-the-job, which may not
be the most cffective or efficient method of instruction. In
subsequent years, the National Aging Aircraft Research

STRATEGY
Changing Inspector Changing System
. Training in ND! Calibration Redesign of Job Cards
Initiate (Procedures Training) Calibration of NDI Equipment
Feedfoward of Ecpecied Flaws
Access Training in Area Location Better Support Stands
(Knowtedge and Recognition Training) Better Area Location System
Location for NDI Equipment
Training in Visual Search Task Lighting
Search {cueing, progressive-part) Optical Aids
improved ND! Templates
. Dedson Training(cueing Standards at the Work Point
Dedson Feedback, Understanding Pattern Recognition Job Aids
of Standards Improved Feedback to Inspection
Action Training Writing Skills improved Fault Marking
Hands-free Fault Recording

Table 1.4
Potential Strategies for Improving Aircraft Inspection




Executive Summary

Program (NAARP) and, hopefully, the maintenance/
inspection providers need to pursue both short-term
interventions based on solutions proven effective in manu-
facturing, and longer-term research to give definitive,
implementable solutions.

1.4.2 Phase I Plan

Phase 1 of this research task will pursue the overall
program goal to create demonstrations of techniques to
improve human factors in aviation maintenance. Thefirst
subtaskwill identify, implement, and measuretheeffect of
specificlighting improvements used in an inspection task.
This research task will assess the lighting change with
respect to potential elimination of error and vrith respect
10 cost effectiveness.

A second task under this research topic will address
methods to reduce error in the calibration and operation
of 2 variety of non-destructive inspection test equipment.
This research will study the human factors aspects of NDI
equipment design and various of training and
recraining of NDI personnel. Finally, this subtask will
continue to identify human factors issues that should be
addressed in the continuing effort to improve human

performance in inspection.

1.5 STUDY OF ADVANCED
TECHNOLOGY FOR
MAINTENANCE TRAINING
(CHAPTER 4)

Advanced technology training refers to the combination
of artificial intelligence technology with conventional
computer-based instructional methods (Johnson, 1990).

This chapter reports the status of a project to support the
application of advanced tecimology systems for aircraft
maintenance training. The first phase of the research was
to survey the current use of such technology in airlines,
manufacturers and approved aviation maintenance tech-
nician schools. The second phase of the research is build-
ing a protorype intelligent tutoring system for aircraft
mairtenance training. The chaprer defines intelligent
turoring system technology and presents thespecifications
for the prototype. The chapter also describes example
constraints to the rapid design, development and imple-
mentation of advanced technology for maintenance train-
ing.

The hurnan is an important component in the commer-
cial aviation system that provides safe and affordable
publicair transportarion. Much awtention to the *“Human
Factor” in theaviation industry has focused on the cockpit

crew. However, the FAA and the airines recognize that
a‘rcraft maintenance technicians (AMTs) are equal pan-

ners with pilots to insure reliable safe dispatch. The job of
the AMT is becoming increasingly difficultas discussed in
Section 1.1.2. This is a result of the fact that there are
increasing maintenance tasks to support continuing zir-
worthiness of the aging aircraft fleet while, ar the same
tme, new technology aircraft are presenting complex
digital systems that must be understood and maintained.
Sheet metal and mechanical instruments have given way
to composite marerials and glass cockpits. These new
technologies have placed an increased training burden on
the mecharic and the airline training organizarions. The
advanced technology training research, reported here, is
exploring alternatives for the effective and efficient deliv-
ery of a variety of aircraft maintenance training.

1.5.1 Summary Findings

The industry survey showed that there are many applica-
tions of traditional computer-based training being used
for maintenance training. However, there are very fow
applications of artificial intelligence technology to main-
tenance training, Nearly all airline personnel indicated
that current computer-based training was notsuffidentto
meet all of the demands associated with maintenance
training. The survey also suggested thar managers of
maintenance training are becoming increasingly articu-
late about specifying their requirements for computer
software and hardware. Numerous industry commistees
are creating standards that will increase compatibility
across the maintenance training industry.

The FAA is in the process of modifying the regulation
affecting the AMT schools. Part 147 of the Federal
Aviation Regulations now recognizes that computer-
based training systemsare, in selected cases, as valuable for
trainingastheuse of real equipment. This change in policy
is likely to create an increased marketplace for develop-
ment of advanced technology training systems.

During Phase | a prototype training system was built for
an aircraft environmental contro] system. Development
of the environmenral control system training prototype
demonstrared thar rapid prototyping is a very effective
means to invelve system users in the earliest stage of the
system design. The software tools for rapid prototyping
make it relatively easy to create reasonable examples of the
final system interface. However, this prototyping effort
reinforced the researchers’ opinion that the “easy to us¢”
tools are good for rapid prototyping but have limited
potential with respect to building the completed training
system. Subsequent development must be accomplished
with programming languages rather than interface devel-

opment tools.
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1.5.2 Phase IT Plan

During Phase 11 the environment control system training
prototypewill bewritten ina programming language. The
simulation, speciﬁed in Phase I, will be written. The
knowledge engineering process and formative evaluation
will continue with the technical personnel. The prototypz
will be converted 16 a fully operational wurn-key training
system. The training system will be the key focus for the
extensive evaluations planned for Phase I11.

1.6 STUDY OF JOB PERFORMANCE
AIDS (CHAPTER 5)

This rescarch was designed to provide informarion for
government and industry managers in their efforts to
assess the utility and implementation of jeb-aiding tech-
nology. Therewere two areas inthis research task - aviation

maintenance asscssment and technology assessment.

The first research area sought a user’s perspective on job
performance aids (JPAs). Current approaches to comput-
erizarion and job aiding in aircraft maintenance were
investigated. A survey was conducted to determine the
relative level of automation at 25 airines. Systems were
observed during various phases of development and work
force reactions were determined. The needs of the main-
tenance technician were assessed and an overall under-
standing of the maintenance process was obtained.

The second area focused on technologies. A survey was
conducted to determine the capability of existing JPA
systems. The state-of-the-art in computers and in related
technologies was ass “ssed. Current approaches to system
integration were identified.

The research documented the challenges facing aviation
maintenance and the current approaches to utilize tech-
nology in meeting those challenges. This information was
obtained from four sources:

* Airlines - rmanagers, data processing specialists,
5
* Industry representatives - groups such as the
ATA
¢ FAA - maintenance managers and inspectors
» Manufacturers - customer support, designers

Access 1o these individuals was obtained through partici-
pation in numerous industry forums and site visits. The
site visits lasted from two hours to one week. Informarion
was collected through informal interviews and observa-
tion. The researchers participated on a non-interference
basis in the normal conduct of aircraft maintenance. All
shifts of operation were observed.

Information was collected through surveys, expert assess-
ment, and literature research. A survey of easting JPA
systems was conducted. The focus of the JPA survey was
on computer and microprocessor-based systems used for
information delivery, processing, or storage. In addition,
applicable technologies not yet incorporated in systems
were identified in anticipation of future systems. The goal
of the survey was not to find the system thar would
“revolutionize” aviation maintenance, but to assess the
overall extent and characteristics of what has been done
and what is possible in terms of job aiding. The informa-
ton was collected through extensive database searches,
telephone discussions, and site visits. Several “new”
rechnologies were investigated in computer displays, mi-
CTOProCessors, storage, and input/output devices. Finally,
two small experiments were conducted to assess the
realities of developing databases and graphical user inter-
faces (GUI) for job performance aids.

1.6.1 Summary Findings
The findings are divided into three areas:

*» Maintenance automation
* Technology assessment
= Systems integration

‘The areas represent what exists, whar is possible, and how
to transidion between the two. The firdings on mainte-
nance automation cystems describe the status of mainte-
nance automaticn, how they are designed, justified, les-
sons learned, and trends for the future. The technology
assessment findings provide a realistic assessment of the
utility of technologies in terms of cost, function, availabil-
ity, and complexity. The focus of the systems integration
findings is information on how to integrate humans into
the various systems.

1.6.1.1 Maintenance Antomation

The process of fielding maintenance automation has
largely been one of computerizarion. The statistics main-

tained on aircraft have grown exponentially. The basic
structure used for the paper mcthods has been transferred
intact to the computer approaches. This was necessary 1o
ease transition and avoid extensive retraining that might
be needed with a new approach. Most maintenance
operations now use computers to track pars and aircraft
status, and many organizations are moving computers
into forecasting and other decision aiding functions.

Efforts to computerize have reached a plateau, and only
the most profitable airlines have data processing people
actively developing major new systems for maintenance.

10
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1 5.1.2 Technology Assessment

‘The survey of JPAs identified over 150 job performance
aids developed during the last ten yeass. Miore than halfof
the developments were sponsored by the Department of
Defense (DoD). Fewer than twenty systems are still in
active usc or development, and another twenty were
searching for a sponsoring application. The remaining
were shelved for reasons that usually involved lack of
funding.

There are several successful JPAs, and the survey findings
do not imply that JPA development is unfeasible. The
survey did support the need for a more realisticassessment
ofhow soon JPA tecknology can beapplied to commercial
aviation maintenance.

1.6.1.3 Systems Integration

Based on technical functionality, most of the computer-
ization efforts for aircraft maintenance and JPA develep-
ment efforts by the DoD were successful. Unfortunately,
technical funcrionality i not good enough. Humans
remain the engine for most complex systems. Even auto-
matic test equipment {ATE) is dependent on humans for
planning, design, manufacturer, installation, and mainte-
nance. Approaches exist that incorporate Human Factors
and these should be considered.

1.6.2 Phase Il Plan

The next phase of the research on job aiding will identify
a candidate technical domain in which a computer-based
intelligent job aid can have potential to increase mainte-
nance cffectiveness and efficdency. During Phase Two the
research team will work with an aidine to identify a
candidate domain and construct a system prototype.
Current plansareaimed atusinga portable, expertsystem-
based job aid that has been developed in 2 non-aviation
industry. Thenextphaseof the research will focus moreon
the specification and development planning than on
completion of the job aid for an operational aviation
maintenance environment. Sewell and Johnson (1990)
have described how prototype systemns can be used for
system design and development. The intelligent job aid
prototype will be used for concrete systems specification
for Phase I1l development.

17 HUMAN FACTORS IN AVIATION
MAINTENANCE - THE
CONFERENCES

The combination of factors described in  Section 1.2
highlights the importance of communication among all
entities involved in the aviatdon maintenance system.
Broderick (1990) suggested that industry communica-
tion “ties the maintenance operation togetherand, in fac,

is the thread that runs through aviation safety from any
pointofview....” This project was adirect intervention to
present Human Factorsinformation to theaviation main-
tenance community, and to provide a forum for direct
interchange of relevant information between system par-
ticipants. This sub-project organized a series of Human
Factors seminars for personnel associated with aviation
maintenance.

As noted in Section 1.1, the air camier industry in the
United States can be viewed as a three-legged stool
consisting of the aircraft manufacturer, the airline opera-
tor, and the regulatory agencics, principally the Federal
Aviation Administrarion. Forcarrier maintenance towork
as itshould, communications among these three elements
must be efficient and meaningful. The cross braces in the
stool represent the communication.

The FAA and industry have noted a need rodevelopsome
other mechanismsto foster ready communicationsamo

airline operators, aircraft manufacturers, and the FAA
Thisshould exist in some form thatwould 2llow members
within each of these three groups to understand the
current thinking of members of the other two groups. A
free exchange of informarion should be allowed concern-
ing maintenancetechnologics, procedures, and problerns.

The Federal Aviation Administration, on reviewing the
success of the 1988 meeting, established 2 series of meet-
ings to address “Human Factors in Aircraft Maintenance
and Inspection.” The purpose was 1o foster communica-
tions 2mong all segments of the aviation maintenance
community. To date, four meetings have been held.
While the first meeting in 1988 explored the full range of
maintenance problems, each subsequent meeting focused
on z specific Human Factors issues in order to obtain
greater depth of coverage.

The four meetings in this series held thus far are

Human Factors Isues in Aircraft Maintenance and
Inspection
Alexandrta, Virginia, October 1988.

Presentations were made concerning maintenance
issues and human factors ramifications by represen-
tatives of aircraft manufacrurers, airline operators,
the FAA, technical training schools, and others.
Three presentations described the discipline of hu-
man factorsand its potential contribution to aviation
matnienance,

Human Factors Issues in Atrcraft Mainterance and
Inspection - Information Exchange and Crmmunica-
tions

Alexandria, Virginia December 1989.
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This mesting focused on problems in the exchange
of maintenance information and possible improve-
ments in information management and industry
communications. Considerable attention was given
to new technologies which might support industry

communications.
Human Factors Issues in Aireraft Maintenance and
Inspection - Training Issues

Atlantic Ciry, New Jersey, June 1990.

The purpose of this meeting was to review the status
of maintenance training for the air carrier industry,
toconsider problems facing those responsible for this
training, and to learn of new training technologies
under development. Some of the presentations illus-
traied new technologies now being brought into use
in aviation maintenance.

Human Factors Issues in Aircraft Maintenance and
Inspection - The Aviation Maintenance Technicien
Alexandria, Virginia, December 1990.

The meeting dealt with the aviation maintenance
worlkforce. Presentations dealt withacquiring, train-
ing, and maintaining an effective workforce. The
likely impact of changing national work force demo-
graphics was explored. The impact of organizarional
factors on avistion maintenance was reviewed.

Attendees at each of these meetings have commented on
the value of the meetings as 2 communications medium
for the air carrier maintenance community.

1.7.1 Phase I Plan

There will be two workshops conducted during Phase IL.
The first, scheduled for June 1991 in Atlanta, Georgia,
will address Human Factors in the aviation work environ-
ment. The second meeting will be in Washington, DC,
during January of 1992.

18 ADDITIONAL RESEARCH
ACTIVITIES

The research program is committed to be responsive to
Human Factors issues related to proposed rule changes,
new policies, Airworthiness Directives and/or Service
Difficulty reports.

1.8.1 Electronic Document

One of the projects scheduled for Phase I1 is the develop-
ment of an elecronic database of all publications and
presentations from Phase I of the program. The electronic
document will capitalize on hypertext software technol-
ogy. This rescarch will go beyond the mere digitization of

documents. The project will emphasize a document

format and electronic interface that will provide greater
capability than is available with hard-copy documenta-
tion. The project will create specifications for the elec-
tronic publishing of all past and new project-related
documents. At ~~e completion of the project the docu-
mentation will be available on one compact disc read only
memory {CD ROM) disc

1.8.2 Handbook on Aviation Maintenzace
Human Factors

During Phase If the research team will outline and
prototype 2 handbook on aviation maintenance human
factors. The handbook will offer basic and applied prin-
ciples coveringall issues ofhuman performance in aviation
maintenance. The handbook will be useful to all who are
responsible for planning, managing, and conducting
maintenance. [i will include, as an example, the following
kinds of topics: workplace requirements, workplace envi-
ronment, human capabilities, workplace design pon-
ciples, training design and practices, and other topics. The
handbook will follow formats used in other such compen-
dia (Boff and Lincoln, 1988; Parker and West, 1973).

1.8.3 The National Plan for Aviation Human
Factors

The Federal Aviation Administration:, in conjunction
with the National Aeronautics and Space Administration
(NASA) and the US Department of Defense, conducted
an extensive series of workshops, during 1990, to createa
National Plan for Human Factors. One of the subgroups
of the Scientific Task Planning Group was dedicated 1o

Human Factors in aircraft maintenance.
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CRapter Two
Maintenance Organization

20 SUMMARY

This study recognizes the considerable strengths of the
airline industry’s maintenance flight safety efforts. It offers
suggestions for additional research, and it describes some
possible areas for further improvement. It zepresents a com-
bined picture of maintenance management and organiza-
tional behavior in eight U.S. maintenance operations
including small and large aircarriers and repair stations.

The sample used for this study was necessarily limited. The
findings, therefore, must be understood as indicative only,

and not conclusive.

"The study was undertaken for the purpose of benchmarking:
to ertimate the effect current organization and management
practice may be having on the work practices of mechanics,
inspectors, and schedulers, and on their attitudes and mo-
rale, and how those, in tumn, may affect safety and work
quality. These factors do, in fact, show a close relationship
onc 16 the other.

While there was found considerable variation among these
factors from one carrier to another, none was seen to have
reached the point of compromising air-safety. This is an
impostant finding for the industry, affirming its long-stand-

ing commitment to safe air travel.

Throughout the course of the study the people observed
were seen as serious about thelr work, dedicared, weli-
meaning, and bright. Everywhere in the industry, employees
clearly showed their desire to do their very best for air safety.
Their commitment is zeflected in their excellent perfor-
mance record.

At several sites, employee morale and coordinarion of the
work were found to be below the optimum. Based on the
results of this study, the timely and careful adjustment of
certain practices, structures, and norms might be an early
prudent step to positively affect safety in the future.

For those who see in these findings confirmarion of their
own careful observations and condusions, action may be
taken with a fairly high degree of confidence. For others, only
a more-broadly based, more thorough-going research effort
or direct evidence of successful managemen changes and
intervention will be convincing.

The present study sets the stage and suggests avenues for
addirional research and action.

2.1 INTRODUCTION

The excellent safety record of U.S. airlines is well established.
A General Accounting Office {GAO) report states that
“accident rare data . . . have improved over the last 20 years

and that 1J.S. airlines have a lower accident rate than airiines
in the rest of the world” (GAO, 1988).

Measuring the effects of maintenance on safety. Measures
of safety other than accident rares have been applied with
mixed results. Financial data may prove useful, but current
reporting procedures for maintenance costs present difficul-
ties in comparing companies within the industry. Airlines
differ in their labor costs and accounting practices, and in the
age of their feets. Such differences make comparisons sus-
pect. Because the Department of Transportation (DOT)
does not require smaller airlines to report maintenance costs,
these companies cannot be compared on this basis ar all.
New measures of current safety conditions would be uscful.

Measuring and comparing aidine maintenance qudlity is
obviously important. The present majer method of deter-
mining maintenance qualiry is to assess the degree of adher-
ence to (or deviation from) the Federal Aviation
Administration- (FAA) regulared maintenance programs.
This approach does not measure the outcome ¢ “mainte-
nance efforts, but instead relies on the assumption thar if
programs are followed quality will result — inshom, itisa
measvre of practice, not outcome.

Current interest in programs to measure and improve prod-
uctquality (e.g. the Department of Defense (DXOD) empha-
sis on “Toral Quality Management”) is beginning to be
reported in the aidine industry, {Doll, 1990), but such
programs are apparently not widely applied yet. Comparable
measures of maintenance quality, then, are still in the furure.
Measurement of maintenance related problems would pro-
vide a viable avenue to assess quality, but the available
mechanical-reliability and unsafe-incidents data bases are
designed to track short-term, not longer-term, trends (GTA,
1988). Thus, the currently avardable measures of mainte-
nance on safety do not satisfy the need for measures except
for historical accident data.

Measuring and comparing human factors. Despite recent
conclusions that human factors in maintenance (and man-
agement practices specifically) can influence the judgemens,
attitudes and skill of aviation maintenance personnel (OTA,
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1988) little research or action in this z2rea has been reported.
As will be described in further detail in the section on prier
rescarch, thereis very little published about human factors in
aircraft maintenance at either the individual worker or

organizational levels.

This study is ap initial effort to estimace the importance of
organizational and management aspects of maintenance on
morale and motivation, communication patterns, work-
related behaviors, and quality of work for aircraft mainte-
nance personnel (AMF). The results of this preliminary
study suggest that links exist between organizarion, commu-
nication, attitudes and quality of work. Much more difficult
to establish, but important 1o assess, is a link berween quality
of work and flight safety. Thar link was not intended to be
validared within the scope of the present study.

2.1.1 Probiem Definition — The Changing
Environment for Aircraft Mzintenance

Deregulation as a force increasing complexity for mainte-
nance. During the initial years following airline deregulation
(1979-1984}, U.S. carriers’ data reported to DOT indicated
that a lower percentage of operating funds was spent on
maintepance than had been the case in prior years /OTA,
1988). GAO noted recently that by 1988 the reported
amount spent to maintain and repair aircraft was almost
double the 1984 levels, and that current U.S. repair ability is
operating at near full capacity (GAQ, 1990). Such swings in
maintenance expendivures, by themselves, place pressureson
maintenance ang i ion personnel. In another report,
the GAO (1988} listed the following, among othezs, as “risk
precursors” {their signs of problematic safety compliance) in
U.S. air carriers: major route expansion, fleet expansion {due
in part 1o mergers and acquisitions), industrial relations
conflict {which can accompany mergers), and strained fi-
nances {complicated by intense competition and unstable
fuel prices). Few U.S. carriers can claim the absence of these

signs.

The additional problem of aging aircraft. Recent aging
aircrafr airworthiness directives {ADs) have been said tobean
important stimulant to increasing short-term demand for
zilines’ need for maintenance (GAQ, 1990). In the past
decacle the mean age of jetliners has risen 21% to about 13
years. With high altitude pressurized aircraft the number of
flight cycles {one cycle includes a take-off and landing) is as
important to age as years. Depending upon the specific
model, aging aircraft are defined as those with more than
40,000 cycles. The GAO report notes that the cost of
compliance with aging aircraft ADs may rotal $2 billion o
sustain and extend the life of this aging fleet.

inspectors and mechanics need to identify and deal with
fatigue cracks in thesc old aircraft (especially myriad small

cracks adjacent to one another, called “muiti-site damage, or
M5D”) and corrosion in fuselage arcas. This attention
requires new infoimration, skills, and time in addition to the
normal work load. Demand for both airplanes and mainte-
nance personnel continues to go up.

Organizational communication as it relates to mainte-
nance. Attention to the human factor in maintenance is
growing, and that human factor in aircraft maintenance is
meore than an individual who follows orders. In maintenance
work, the human has often been characrerized as “the tech-
nical system” — and this is not inappropriate. In thisrole, an
inspector or mechanic (“inspecting”) searches for flaws/
defects and decides when they have been found. After
searching and locating it, the flaw is repaired in a planned
sequence. This search-decide-plan-tepair sequence is the
“human factor as technical system” in maintenance systems
of many industries.

With the importance and logic of this technical system view,
a complementary view, that of the “human-facior-as-social-
systemn” tisks being ignored unless a conscious effort is made
to include it. In this social systems view, the web of relation-
ships among all the parties involveC comes into focus in
serting and strengthening expectation:s among them.

The social system is thus a set of expectations {(sometimes
positive and constructive, and sometimes conflictual and
destructive) with others in the workplace, elsewhere in the
organization, and with: cutiders.

Management by design. Often managers {stili) feel capable
of making significant organizational decisions based on
intuition and experience. But the tasks of organizing aircraft
maintenance today have become extremely complex.

Among the organizational forms that have been used suc-
cessfully in the past is assigning not only inspection and
maintenance to scparate departments, burt separating mare-
rials, tools, shop repair of components, planning and sched-
uling from maintenance as well. Organizing into “functional
silos™ this way, strictly by application domain or function,
may well affect maintenance system’s ability 1o assure safery
of fiight through efficient, coordinated, motivared and in-
formed action by people doing the work.

A parallel organizational form cften found in aviation main-
tenance ignores functional differences altogether {except
where required by Federa! Aviation Regulations (FARs)] and
relies on the “master craftsman’s” technical skill and compe-
tence to determine and carry out the work. In today’s
complex maintenance environment, the functional silos, or
master craftsman structures, that have proven adequate in
the past may be breaking down in the present.

——
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The safety record of the aircraft maintenance organization
has been admirable. But it may be possible to achieve even
higher performance, with higher morale and more efficient
work coerdination. To do so, however, would require more
than minor improvements on the current system, which
scems to already work about as it was designed to. Instead,
the maintenance system would require redesign, eliminating
or modifying sub-deparrment boundaries so that the people
could work more easily together in controlling key technical

variances.

"The central purpose for any such redesign would be to betrer
cnabie maintenance personnel to control variances where
they occur, and before they exceed stated limits. An effective
redesign would save time, money, and effort as well. Prior
research shows that such an approach, widespread in other
industries, could usefully be applied 1o aviation maintenance
(Taylor & Cortter, 1983).

2.12  Statement of Objecdves

To improve safety, it is important to improve quality. To
improve quality we must understand employees” st ae of
mind and the organizational and management aspects most
affecting thar state. This study was directed at identifying
these important aspects in aviation maintenance. With the
support of the FAA, the study undertook field research asa
rapid diagnostictool to understand and describethe network
of relationships, commitments, loyalties, and motivations of
all roles in air carrier maintenance.

This study used observation and semi-structured interviews
with a sample of members in significant roles in the heavy
maintenancesystem. The non-management employees ~los-
est to the aircraft, during overhaul, are the airframe and
powerplant (A&P) muchanic, the aircraft inspector, and the
maintenance planner/coordinator. These three roles are of
special interest in the present study. They are in contact with
one another, and together with their supervisors, they have
the front line responsibility for heavy maintenance. Through-
out this chapter they will be referred to as aviation mainte-
nance personnel (AMP).

The focus of the study indudes not only AMPs but their
contact with their unions, their supervisors, technical train-
ers, production planning managers, maintenance managers,
engincers, and others such as manufacturers’ representatives
and FAA inspectors. The object of these observations and
interviews was to begin to describe the systems of coordina-
tion and cooperation used to accomplish safe and effective
aircraft maintenance.

Ifatitudes and state of mind are influenced by how the AMP
are organized, directed, coordinated and communicated

with, are the differences across the industry broad enoughto
cause notice? Such differences can further be used 1o identify
sorne innovative, insightfu! and appropriaze alternative styles,
practices, and company cultures. The result of this study is
general recommendations to the industry {(where possible
based on best practices), in the “normal” maintcnance,
scheduling, and inspection process, aswell asin management
style and support activities.

213 Prior Research

A recent search of published references from the 12 year
period 1976-1988 yielded only 15 papers on human factors
inaircraft maintenance. Ofthose found, many dealt with the
physiology of human response. Examples of these indude
discussion of the effect ¢location, shape, or convenience of
cockpit controls serviced by mechanics (Schmiw, 1983). A
few studies discussed the whole persen in context {Lock
&Strutt, 1981; Strauch & Sandler, 1984).

A recent article described 2 maintenance system with dedi-
cated teams for each 747 aircraft which Japan Air Lines JAL)
instituted in 1985. Individual &Zzuki teams (it means “air-
plane crazy”), typically 15 engineers and AMPs each, were
reported to be responsible for overseeing the condition of
one of JAL’s 747 aircraft ar all times, regarc” s of where it
may be {(Ramirez, 1989). Although repc  -{ in glowing
terms no specific results or costs were relared.

Accounts of successful team-based aircraft maintenance ot-
ganizations have recently been reported in the U.S. Air Force
(Rogers, 1991). Improvements in results measured through
a series of maintenance effectiveness indicators are reported.

Use of new technology. One reference described and re-
ported technical advances in military aircraft engine design
that were developed to make field maintenance duties “sol-
dier-proof” (Harvey, 1987). That reference to eliminating
the human facier through technology (or at least as much as
possible) is an alternative to the notion of 2 system of
informed decision making and cooperation {cf., Dichi, 1990).
Based on experience in other U.S. worksites (e.g., Sloane,
1991), it is assumed that radical automation which replaces
human decision making with machines isn’t necossary (and
may be suboptimal)} where AMPs can provide timely and
informed judgements based on an understanding of the “big
pictuze.”

Technical advances can be adapted 1o streagthen the main-
tenance system’s human response to its complex world. For
instance, one air carrier reported reforming a rule-based
maintenance software systern, originally intended to direct
mechanical work, into a supplemental decision support tool.
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The results included remining the cost bencfits of the former
system while improving maintenance quality 2nd mechanic
satisfaction (Mayer, 1987). A spokcspe:son for the carrier
said thar this reform has changed the “expert [computer]
system” into 2 [computer] “system for experis.”

22 THEORY AND METHODS

221  The Research Methods - Procedures

Site visits. Eight U.S. air carrier and repair station mainte-
nance operations were visited. The choice of U.S. mainte-
nance sites was based on varied camder size (induding
commuter [ine carriers), and varied location in the 50 states,

The specific focus of the study was the maintenance and
inspection work process as it relates to structure (primarily
fuselage) repairs in aging aircraft. This focus indiudes man-
agemnent practices as they may affect the practice of aircraft
maintenance, particularly as they relate to the aging fleet.
This sample induded so called “heavy,” or hangar mainte-
nance only. In particular, the “C” level maintenance check
proved o be the ideal intensity of overhaul for the present
investigation. The C-check was ideal because it takes long
enough (up ro two wicks) to reveal parterns of communica-
tion {which are more difficult to observe with the varted and
short jobs on the flight line), but short enough so ther a visit
of two to four days samples 2 sizable segment of it. The C-
check is the third-level maintenance chedk for an airerzft,
usually done once a year or after about 2,000 flight cydi .

Each company site visit lasted two to four days. Investigator
impact on employees and management was purposcfully as
slight as possible. The investigator worked largely unsupervisad
and was present on night and evening shifts as well asduring
thcday Every effort was made to insure minimum disrup-
tion at the workplace.

The identity of results obtained from the individual compa-
nies agresing to participate was promised 1o be heid perma-
nently confidential. In additien, dara reports and summaries
wouk! not reveal the identities of individual persons inter-
viewed or observed.

Devdoping the interview format. An observer/interviewer
protoca! was created to aid in collecting and understanding
maintenance :ystem communication data during site visits.
This protocol was not intended to form a strucrured inree-
view survey, since much of thedata sought could be obtained
through observarion. This protocol formed the anchor or
structure for obtaining the dara described below.

Obtaining site access. The liaison to the Air Transport
Association (ATA) Enginesring Maintenance and Material

Council helped provide access tosix of the rescarch sires used
in the present study. Accss to the FAR Part 145 repair

station and one of the regional carriers was obtained through
the cooperation of the FAA Office of Flight Standards.

Four additional maintenance sites were approached for
participation in thestudy, but could not be visited in the time
frame of the study. In all cases the airline executives ap-
proached were extremely busy during the period of thedata
collection and this preoccupation reflecied intense activity in
their organizations. This period of overload was the domi-
nant reason that more heavy maintenance hangars were

unavaiizble for observation.

Collecting the interviews. The interviews began with the
first site visit in February 1990, and concluded in August
1990. Over 250 technicians, supervisors and managers were
observed or interviewed. In total, 120 AMPs were observed
and met with, 65 forernen or supervisors were observed and
interviewed; and 80 other informal discussions were held
with engineers {or other professionals), superintendents,
managers, and higher executives at the sites. Most interviews
were conducted ar the workplace. All data collected are
confidential and the nzmes of the interviewess and the
company were not discussed with others.

Accounting for Porential Sources of Esror. The interested
reader may wonder about the effects that observations of
managers and AMPs have on the quality of the data collected
in a study such as this one. Such contamination, when it is
fourd, is often called the “Hawthorne effect”™ or “experi-
menter effect.”

This concern can be addressed by describing the probable
extent znd severity of possible contamination. For instance,
AMPs may want 1o say what they bdieve the investigaror
wants to hear, or behave in a way untypical of usual behavior
atwork,

The issue is whether the presence of an investigator on the
hangar floor for several days does or docs not substantially
change work performance, or the manner or frequency of
contact among mechanics, inspectors, planners, foremen,
engineers and others. It needs 10 be emphasized thar al-
though rosponderits were asked to report events or results of
events that had passed, the major focus of this research was
the direct ehservation of what they were currendy doing on
the job, on 2 normal day, on an aging aircraft in the hanger
for scneduled 2nnual inspection.

With respect to the validity of the observations, it is difficulr
1o believe that significant number of individual AMPs could
substannally change their behavior during the visit. It seems
even less likely thar 2 foreman or manager could or would
suddenly change the work assignment or coordination par-
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terns of his crew. Finally it would not be likely that ingrained
work habits could be postponed or deferred until after the
investigaror had left.

The validity of answers giver: to the investigator's questions
is presumed high as weli. Typically, grestions had todowith
the content of an interchange between people, and multiple
parties were usually asked about the szme transaction. Other
questions relared to motives or feelings about behaviors of
self or others. Such motives and attitudes arc expected to vary
among people, but the interes: in the present study is on
commonalities among AMPs. Thus motives or attitudes are
not reported unless the same or similar data had been
collected from a number of people at the same site.

In each site visited, the investigator first introduced the
purpose of the study tolocal management. That purpose was
described as “establishing a baseline of technician behavior,”
as well as job and organizational characteristics. After thar,
foremen on each shift were in turn introduced to the study.

Their cooperation in permitting the investigator to approach

their subordinate technicians was sought. The purpose of
these visits was continually enundated. Considerable time
was spent helping the respondent {AMP or foreman) feel

comforiable with the approach. After several days of the
investigator’s return o the same shifts, most respondents
expressed comfort with the investigator’s presence and with
the purpose of the study. Once at ease with the intent of the
study, AMPs and foremen then carried on their jobs, with

others, as on a normal day. They were very willing to explain

or darify the reasons or purpose of their acts, interactions or
behaviors of themselves or others that the investigator could

not or had not seen.

Thisdata collection then, was typically seen asa neutral event
and a mild change in routine for respondents. In some cases
technicians, foremen or managers expressed interest in see-
ing the resulting report. Departures at the end of a visit were
always warm or at least cordial. Call-backs were made to the
managers at scveral sites. In no case was negative feedback

obtained — the visit had been a neutral event.

There exists one ceincidental source of data which confirms
that the methed of data collection used is not stressful or
confounding, These data result from the occasional overlap
in sites sampled between the present study and the Job Task
Analysis (JTA) described in Chaprer 3. The study described
in the present chapter followed the data collection ar three
sites used in the JTA. In all three, special artention was paid
tc the possible effects of a slightly earlier visit by other field
investigartors. The JTA stuay had been of inspection depan-
ments only and the study in the present chaprer deals with
the total heavy maintenance system (as far as it includes “C”
checks). Thus there is only partial overdap in the people
interviewed or observed at & given site. When speaking with

inspectors in these sites they said either that they remem-
bered the previous visit with pleasure, or tiiat they barcly
remembered it, or only recalled being told about it {“itwas so
brief,” took so litde of their time, didn’t come up in conver-
sation with others, or was just “cne of many” distractions
passing through the hangar). In no case was the JTA study
visit recalled with suspicion or derision. It is extremely
doubtful (given all of this) thart technicians or foremen had
been able orwilling 1o substantiaily alter their usual behavior
on the job simply because investigators were there, observing
a typical day.

222  The Organizationat Mode - Socio-
techrinal Systems (STS)

Socio-technical Systems (STS) is the organizatienal model
used in this study to describe aviation heavy maintenance
system. STS was developed to help understand purposeful
work systems in complex, environments. STS assesses “good-
ness of fit” among people and technology as they respond to
their environment in antaining systems success. §TS analysis
combines 2 technical systems view with a social systems view
1o caprure the strength of both (T'aylor & Asadorian, 1983).
STS is a theory and practice of organizational developmen,
in use over 40 years and applied in 2 wide variety of industries
worid-wide.

The phases of STS analyses. STS analyses adhere generally
10 a series of steps or phases. Although they may differ from
project to project in precise terminology or serial order the
phases may be described as follows:

1) Clearly defining the system’s purpose, its values, its
objectives, its boundaries, and its salient environment

— The System Scan.

2)  Ildennfying the critical or key variances in the product,
or throughput, which most determine success in meet-
ing objectives and thereby pursuing the basic mission
— The Technical Analysis.

3)  Examining the role relationships among the system

members or employees in controlling the key variances
and in cooperating otherwise for the survival of the
system — The Social System Analysis.

STS begins in the system scan with the purpose or mission of
the enterprise (in aircraft maintenance the purposes of the
maintenance and engineering systems should be consistent
with the overail mission of the company), and examines the
degree to which there is 2 common language and commeon
product for this purpose throughout the whole maintenance
network. Examples of possible questions revealing mission
indude: Is the airline the “most profitable,” “the biggest,”
“the cheapest,” “the business flyer’s aitline,” the “best vaive,”
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the “safest,” the “highest quality” (either in aircraf:, or in
service), the “most reliable,” or perhaps the “most visible
carrier in its marker®”

Public starements of such mission statements (including
communicarions to employees) are xrremely rare in thessites
sampled. Some airline missions are directly addressed by
maintenance performance objectives, but many are not. Of
cou:segfetyandmrcraﬁqualuyam maintenance deliverables,
but it is unlikely that any air carriers, in any county, single-
mmdedlyandatduswdypuxsuedimmdsalonc itislogical
to expect, in many cases, that maintenance remains “the
place where highest mechanical safery is pursued ar the most
reasonable cost.” If this is true, there is litde to engage the
average AMP with the company’s overall mission and goals.
He or she “belongs,” then, only to a maintenance shop,
divorced from the larger purposes of the airline — purposes
which could help provide a sense of context, meaning, work
priorities, and congruence between maintenance and the
company as a whole.

Anexampleis available to illustrate how a public, visible (and
presumably believable) airline mission can be connected to
heavy maintenance activities. The Japar Air Lines “kizuki”
concept of a dedicated maintenance team per aircraft has
received heavy advertising exposure during 1990. 1t is inter-
esting to note from the magazine advertisements thar JAL is
proud of its “on-time departure record,” and that “kizuki ...
obsession with 747 performance has helped maintain thar
record.” While similar mission-driven innovarions have led
o well-documented successes in Japan’s auto industry —
and to various industries in America and Europe as well —
no hard numbers on JAL’s kizuki system are yet in the public
domain. Perhaps they never will be. Some U.S. companies
{(Proctor & Gamble, for one) hold the detatls and results of
ateam system approach very close to the vest, on the grounds
that it gives them 2 distinct competitive advantage worth
protecting.

Given purpose or mission, it is also necessary to be dlear
about the dvliverable or output from maintenance. Is this
output consistent with and in visible pursuit of company
purpose, or is it at odds with the larger enterprise? These
comparisons are made during the STS “technical analysis.”
The techriical system analysis explores the question: “what
happens 1o our aircraft as they pass through our maintenance
systems again and again?” The answers are important to
understanding the maintenance function as a system, be-
cause they focus on the results of the work instead of just the
funcrional and organizational specialties surrounding the
work.

Key variances (an STS concept defined as factors in the
product throughput, which determine success in mecting
objectives and thereby pursuing the basic mission) in aircraft

overhaul, 2s in any technical system provide priorities for
understanding complex work. They are often interrelated,
they always reside in the system’s throughput, and they can
be expected in the process of a “normal” day.

Examples of technical variances in aircraft repair include the
following:

Time required for repair [the longer, the greater
priority to start with it].

Parts availability [identifying what needs replacing
early enough to order it cheaply or preclude delay of
repair beyond the norm].

Nature and/or extent of flaw, defect, or damage
[more complexity requires special skills, and coordina-
tion with other skilled members].

Visibility of flaw, defect, or damage [less visible flaws
are often detected later and can delay, prolong, ordefer
other priority work].

Once specific variances are identified in the technical system
throughput, these are invstigated todetermine how theyare
controlled, by whom, using what information. This key
variance control analysis provides an important opportunity
to see the degree current ways of controlling these variances
through effective thinking and behaving may show room for

improvement.

The social systems analysis examines the work-related com-
munication among people in an enterprise. It permits de-
scnpuon of the social system as the coordinating and
integrating buffer between the technical transformation pro-
cess and the demands and constraints of a turbulent environ-
ment. The people who are in the most central or focal roles
in the social system are those who are most involved in the
control of key technical v ifances.

In the present study social systems analysis addresses the
work-related interactions among people in the maintenance
system. It is an evaluation of who talks to whom, about whar,
and how it’s working. Social systems analysis is linked to the
technical analysis because the most important communica-
tions documented are about the throughput and product,
but the social system is also the wider mechanism for flexible
response 1o a changing environment.

2.2.3 Analysis of the data

All data from observation and discussions were entered in a
database, coded by “system scan” information, “technical
system” informartion, “amitude or morale” data, and “sodial
interaction.” This last category was further coded by the type
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of social interaction specified above. Thesedata were collared
and analyzed by the investigator.

The social system analysis was conducted in the following
manner. First, all of the data were combined and the re-
sponses to each topic discussed were consolidated. All of
these responses to each of the topics were then tabulated by
job title and summarized. The social system analysis focused
on the concept of the social role as the basic link between
organization demands and employee competence and un-
derstanding. The social system was defined as a netwerk of
work related actions and communications which are medi-
ated by the reciprozal role expectations of individual employ-
ces. In this context, all relevant relationships in heavy
maintenance were defined as including the following:

1)  Superiors with subordinates,

2)  Members of the same work group with one another,

3) Members of work groups with members of different
groups within the heavy maintenance system, and

4)  People inside the heavy maintenance system interact-

ing with people outside that system.

Ir addition to these four relationships, attention was also
focused on the relationship between role occupants (AMPs)
and their jobs (or quality of working life), since job related
feclings are strong determinates of morale.

The social system is further described as serving four organi-
zational functions. The four functions that any social system
fulfills are as follows:

1)  Atuaining the systems primary GOALS (G);

2) ADAPTING {(A) to the external environment for
immediate survival;

3) INTEGRATING (I} internal environment for man-
agement of conilict; and,

4)  Providing for the development and maintenance of

the system’s LONG-TERM (L) needs.

These four functions (G, A, I, L) can be evaluated in terms of
cach of the four types of relationships described above, and
the results displayed in a 4 X 4 grid (a 16-cell matrix of
functions X relationships) where cach cell in the grid is used
to specify a particular type of social behavior.

The social analysis focuses specifically oa the primary rela-
tionships of a “focal role.” In this case the mechanics,
inspectors, or planners and their foremen or managers be-
came the focal roles around which the social analysis was

developed.

Based on the responses surveyed, the investigator proceeded
to cvaluate the meaning of the data as classified in each of the

16 cells of the grid. A positivesign (“+7) indicates a favorable
rating by the investigator thar the communication as ob-
served was helpful or facilitative to the function or relation-
ships. A zero (“0”) means the communication as observed
was neutral to the functior: or relationship. Finally 2 negative
sign (“-") means that the communication was seen or re-
ported to be detrimental to the function or relationship.

Thesocial analysis was then continued by developing a “focal
role network” (i.e., a map of relatienships indicating who
interacts with whom about whar) that illustrates the activities
taking place around the AMP and their supervisors. These
networks were constructed basing the distance between the
various roles on the frequency and importance of the interac-
tions.

Defined this way, the social system is not mere friendship or
informal support, but rather the source of adaptability and
flexibility in coping with variances in the product, and with
the system’s complex environment. The demands of this
environment go beyond merely satisfying a consumer mar-
ket, or coping with supplies of raw materials, or the other
aspects directly affecting the technical system. That environ-
ment is actually many environments — legal, legislarive,
labor, cultural, competitive, dimatic, and so forth.

23 RESULTS AND DISCUSSION
23.1 Evclution of commercial aircraft
maintenance, 1970-1990

During the course of the site visits for the present study a
number of long-service heavy maintenance managers and
supervisors described their views of the industry. What
follows is the remarkably consistent picture which emerged,
from these discussions, of the changes during the 1960s, the
1970s, and the 1980s in airdine maintenance.

In the late 1960s and carly scventies modern jet aidiners
{Boeing 707, and Douglas DC-8 in particular) were well
established in the U.S. commercial fleet. Douglas DC-9 and
Boeing 727 were newly introduced as smaller load, shorter
trip, but still high altitude high speed aircraft. At that time
the organization of hangar maintenance was guided by the
skill and experience of genera! foremen. To them reported
shift foremen and specialist mechanics prepared mainly by
their duty tours in military aviation. Already included before
the 1960s began were schedulers (or time-keepers} to moni-
tor job assignment documents, and instructors to improve
and broaden the mechanics’ performance and skills on the
newer aircraft. The oil crisis of 1973 sent fuel and ticket
prices up, causing a reduction in passengers, and caused
many airlines to lay-off newer, less experienced mechanics.
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By thelate 1970s and carly 1980s the experienced mechanics
and their supervisors had reached a high level of competence.
Job cards for work assignment had been proven effectiveand
the process of standardizing the work flow in hangar mainte-
nance had created a need for a larger role for the “work
planner.” In 1979-1980 the further oil shortages, higher fuel
prices, the air traffic controllers’ work slowdown, and de-
regulation all converged to force many carriers to reduce
costs further in face of increased competition. With aircraft
maintenance technically under control with an ample and
competent workforce, more AMP cuts were made.

Currently, in 1990, we find reduced numbers of experienced
heavy maintenance mechanics and inspectors — the still-
lingering result of AMP layoffs during the economic turbu-
lence of 1979-83; coupled with the exodus of senior AMPs
prompted by retirements, promotions, and interdepartment
transfers to maintenance shops. Following the recession and
deregulation, what we find are myriad signs of a cost-
conscious industry — the most obvious signs of which are
reduced parts inventories, and the lean AMP staffing levels.
Finally, as we well know now, the fleet of new transport
aircraft in 1970 has become “aging aircraft.” Together these
changes result in the typical 1990 hangar maintenance
organization guided by shift foremen and/or planners. The
larter are increasingly computer-literate and tasked with
digitizing the job card and work planning/tracking system.
With the hiring of new AMPs, and with the increasing
complexity of new aircraft maintenance, training depart-
ments and their instructors have become once again an
important aspect of maintenance effectiveness.

The current hangar maintenance AMP staff typically has a
bimodal experience distribution of 30-plus years, and 3 or
fewer years. There are relatively few heavy maintenance
AMPs with company tenure between those two peaks. With
the increase of aging fusclages and Airworthiness Directives
(ADs) to attend to them, the greatest demand for new
mechanics has been in sheet metal repair. Thus most sheet
metal mechanics are new, and most of these are young. Many
sheet metal mechanics hold an A&P license, but are new-
comers to the field, having done other work first. In many
cases these new AMPs do not have military experience, and
if they do, they are not necessarily immediarely qualified for
A8P work with commercial transport category aircraft. For
instance experience as a military aviation crew chief provides
limited but deep experience in weight & balance; while
repair in helicopters provides minimal understanding of
repair on pressure cabins. There are also some AMPs who
come into zirline maintenance work after spending time in
defense-relared and/or commercial aircraft manufacturing,
They usually know litde about repair, although they are
often very competent in sheet metal riveting. While some of
them may know litde about repair, many AMPs today are

not hired as experts in aircraft repair, but to specialize in
sheetmetal work only.

In summary: The prominent foreman role of the 1970s,
reduced during the 1980s has reemerged in the 1990s in
order to manage the many new AMPs in the heavy mainte-
nance work force. An added complexity is that compuzerized
planning systems (including the planners, schedulers, coor-
dinators who operate them) constitute a challenge to the
foreman’s traditional authority, and the “authority cfknowl-
edge” held by the “master craftsman” in this industry.

The remaining results of the study will be presented as
follows. First are the unfiltered results as obtained from the
formal protocol developed for the visits. Next are the most
frequent opinions, attitudes and feelings expressed by AMPs
during the visits. These feelings or thoughs are specifically
those dealing with company and maintenance system cul-
ture, mission, or values, and therefere conrribute to impor-
tant aspects of the system scan. Third, technical systern data
are described which deal with the aircraft and elements
comprising the “critical path” of the overhaul. Fourth, the
social system data are presented from the analyses described
above.

232 Initial Results from the Observation/

Interview Protocol

The following section describes the overall findings from the
site visits, organized by the questions or items in the protocol.
The descriptions reflect a norm for the sample studied, and
not necessarily any carrier in particular.

1.  Contact among mechanics

How many mechanics are working together on

this aircraft?

About 25 mechanics work together per shift for
a total of about 75 mechanics total on the
average C-Check.

How many subgroups are employed on various
jobs on the same aircraft?

Between four and six maintenance subgroups
are employed on various jobs on the ajrcraft
during overhaul. These subgroups consist of the
occupational specialtics of sheet metal mechan-
ics, iggers/general A&P, cabin mechanics, clean-
ers; and sometimes painters, and contractors
{specializing in particular repairs such as fuel
tanks).
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Are subgroups invoived in the overhaul thar
indude cccupations other than mechanics?

Orirer regular subgroups or occupational spe-
cialties involved in the normal C<check are in-
spectors, parts or matertals clerks (two or threeto
a group), and planness or coordinators (usually
organized in groups of two e four).

Did the subgroups meet together or reform
themselves so that mechanics work with various
others during the period of the visit?

These groups were not observed or reported to
meet together as such. The subgroups do not
change themseives in composition during the
check although they may change in membership
as usual members rotate through their indi-
vidual shift schedules, or work overtime on
another shift. Occasionally a mechanic was reas-
signed by the foreman to work with mechanics
in another subgroup, or a foreman would re-
quest all available members of a subgroup to
assist in a task towhich they normally would not
be assigned.

How often do the mechanics (or other AMPs)
meet during the visit? Whar is the content of the
meetings, How large are the meetings, How
long are they, When do they fall in the shift,
‘Wheo conducts the meetings?

The frequency of formal meetings among me-
chanics during the visit varied widely by site. In
one case, all mechanics on a crew are brought
together daily (for about 10 minutes) ar the
beginning of the shift by their shift foremen.
The content covers the range from the day’s
work and assignments, 10 what’s new in the
company, to personal items about people on the
shifr crew.

In another site 2 weelly safety meeting was
observed where the foreman spenta few minutes
at the start of shift reading to all inspectors on
that crew a safety memo prepared by the vice-
president of operations.

In another site, a shift inspection foreman ar-
ranged a brief meeting between all of his inspec-
tors and the investigator. This was really an
extension of the otherwise informal “get-
togethers” inspectors held before each shift. These
informal meetings of inspectors, and of mechan-
ics, are described in more detail below.

No formal meetings of mechanics was otherwise
roted, aithough some sor: of monthly (or less
frequent} meetings with their AMPs were re-
potted by foremen in nearly svery site.

How much informal contact among mechanics
(and other AMPs) is there during breaks and
lunch?

Considerable informal contact was observed
among mechanics during breaks and meal times.
Typically, this took the form of conversation
among friends around the picnic style tables in
the break areas. These groups did not often
exceed six or eight people and were usually
smaller. Regular dliques of larger and mutuaily
exclusive groups were scen or reported only

rarely.

Even mote informal contact was noted among
inspectoss. Their shiftgroup size is smaller {about
6-10 in the typical carrier) and this makes it
easier for the entire functional group tosit around
the same table before shift, and “swap stories.”

Planners tended to stay to themselves and took

breaks with neither inspectors nor mechanics.

How much contacr is there among mechanics
between shifts, Are mectings held between shifts,
Who attends these meetings, Who conducts
them?

Lirtle to no contact between mechanics on dif-
ferent shifts took place. In no case were meetings
between mechanics from two shifts observed.

Inspectors were much more likely to communi-
cate with counterparts on other shifts. In several
sites their shifts actually overlapped by an hour
or more, so they couid work rogether. Genem!ly
mspectors on the same shift took part in meet-
ings (daily or less frequently) conducted by their
foreman.

Planners usually also met their counterparts, and
the foremen, on other shifts to discuss work
assignments.

2.  Contact with Foremen

How often are foremen in contact with indi-
vidual mechanics on a daily basts?
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Maintenance foremen are in contact with each
mechanic an average of three times a day.

How much foreman contact during the visit is
work assignment? How much iswork guidance?
How much is administrative (payroll, vacation
scheduling, sick leave)? How much is training?
How much is disciplinary?

This daily contact primarily concerns work as-
signment (unless the labor contracr restricts this
task to lead mechanics, as it did in two of the
eightsites). Other usual reasons for daily contact
indude work guidance or instruction, and ad-
ministrative matters.

In the typical case about half the foreman’s
conzact with a mechanic is work assignment and
reassignmient during the shift; about one-third
involves work guidancefinstruction (especially
in thesmaller operations), and about one-sixth is
administrative (payroll, vacation scheduling, and
sick leave). A small proportion of time was
observed in employee discipline.

3. Contact with Inspectors

A

Doses this carrier have a separate inspection staff
and department? If so how often do inspectors
and mechanics talk together in general?

Separate inspection departments and staff were
found in all of the major ailines visiteq, the
repair station, and one of the regional airlines. In
the two smaller regional airlines (but operating
aircraft large enough to be covered under FAR
Part 121) a separate quality control (QC) de-
partment existed, but had no inspectors dedi-
cated to it full tme. In these sites certain
mechanics were authorized to act as the inspec-
tors for the QC department. These inspectors
were usually the most experienced mechanics
and often acted as lead mechanics or assistant
maintenance foremen as well as inspectors.

In the larger sites, mechanics usually try to speak
directly with inspectors about quality marters.
In the two smaller sites the contact is much more
frequent because the inspectors are also a
mechanic’s colleagues or menters,

How often do inspectors and mechanics talk
together about the aircraft they are working on?
Whar is the content of their conversarion; if it is
not advice or direction what is deliberated, and
what is resolved?

Mechanics’ face to face contact with inspectors
averages three times a day in the larger sites.
These contacts are usually requests by the me-
chanic for the inspector to “buy back” or ap-

prove a repair.

A mechanic following a non-routine defect re-
port is in reality in indirect contact with an
inspector who earlier determined that the defect
required action. Sometimes the mechanic and
foreman would contact the inspector or QC
foreman to darify the request, or to withdraw it
for cause.

How much training do inspectors provide me-
chanics during the visit?

Training varied greatly among the sites visited.
In some large carriers, inspectors were sought
out by mechanics foradvice or instruction, while
in others (particulardy in larger carriers) the
inspector’s role was limited to inspection only,
and mechanics were kept at a “social distance.”
Advice and instruction were clearly a part of the
relarionship berween the combination inspec-
tor/mechanics’ and the mechanics in the smaller
carriers.

How much informal contact between inspec-

tors and mechanics is there during breaks and
lunch?

Very little informal or non-work contact was
observed in the larger sites.

4.  Contact with upper management

a.

How much contact was 1.oted, during the visit,
between AMPs and upper management (from
maintenance management, or elsewhere in the
company)? {This can include memos, video
communication, electronic mail, and “wavingas
they pass through,” as well as face to face com-

munication.)

In one large overhaul operation, multi-media
communication from upper management was
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virtually continuous during the visit. This in-
duded video monitors outside the cafeteriashow-
ing current news stories of relevance to the
company; a company newspaper was available
well organized bulletin boards containing an-
nouncements on a varicty of topics; plus (during
the ime of the site visit) the president made a
series of “hangar briefings” to personally inform
employecs and take questions about important
upcoming events.

In the other large operations visited. communi-
carion from upper management was limited to
written announcements (posted on bulletin
boards, or read out by foremen or supervisors in
meetings}, and in company newspapers. In more
than one site, many AMFs could not remember
the name of the company’s president.

In the smaller companies, upper management
was visible in the hangar during the visit, and it
was reported as normal for the owner or presi-
dent, and his management staff, 1o drop in
several times per week. Such visits were not
reported 1o involve work-related communica-
tion bexween AMPs and executives.

Contact with Trade Unions

If employees are represented by a union, how
much contact between AMPs and their unfon
rep, and/or inspectors and their union rep was
noted or reported during the visit? What was the
content of the contact?

In sites with trade union representation, AMPs
were in informal contact with their focal stew-
ards often on a daily basis. In larger sites, where
mechanics may not be able to sit at the same
table with 2 union representative during breaks
or lunch, the contact was less frequent. In the
largest sites visited, the union officials had their
own office space allocated near the hangar work
arez and tended to remain there. Few AMPs
wereseen in contact with officials in these offices
during the visics.

How much contact was noted or reported be-
tween union representatives and management
(indluding maintenance foreman) during the
visit?

Some contact by union officials or stewards to
foremen was observed. The content induded

questions about work assignment and potential
jurisdictional disputes, personne} issues and ben-
cfits.

5. Contact with FAA Principal Maintenance Inspec-
tor (PMI)

a.  IsthereaPMlonsite? Howofienare AMPsand 7.  Contact with Trainers

maintenance foremen in contace with the PMI
during the visi? What is the content of their
conversation? What is the setting (meeting, in
the plane, in the break room, foreman’s office,
etc.)

A PMI was seen in the overhaul arca at two sites.
In one case the PMI spoke with day shift inspec-
tors, at the aircraft, about the non-destructive
inspection (ND]) task they were doing. In the
other the PMI discussed repair procedures with
maintenance and inspection managers, both ar
the plane and in their offices. (The nurnber and
duration of the observation visits made it diffi-
cult to know how often the PMI was present)

How much contact between trainers and me-
chanics, was noted during the visit? What was
the nature of this contace?

Inseveral of the larger sites, experienced mainte-
nance personnel {often close to retirement and
recently transferred to training or planning de-
partments) were assigned “On the Job Train-
ing” (OJT) duties. In only one of these sites were
these OJ T trainers observed in the hangarand in
contact with mechanics. In that case mechanics
reported benefiting from the OJT trainers’ ad-

vice or hands-on instruction.

Mechanics often doubled up for training, and
the more experienced were direcred by foremen,
or sometimes requested by other mechanics, 1o
provide OJT.
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Thesame relationship was noted among inspec-
tors. OFT was requested by less experienced
inspectors, directed by QC foremen, or offered
by the more experienced AMP.

How much contact between trainers and in-
spectors, planners, and/or foremen was noted
during the visit?

No formal trainers were seen in contact with
either inspectors or planners/coordinarors dur-
ing the visits, since formal training is conducted
at the training site.

Classroom training for new mechanics was usu-
ally going on in or near the hangar during the
visits. Typically, formal trainers or teachers con-
ducted these classes.

Classroom trainers occasionally contacted shift
foremen in the latter’s office at the completion of
a day’s course or segment.

‘Was any kind of training provided during, or
immediately preceding the visit? Was that train-
ing specific to the repairs on the visit aircraft?

As noted above, nearly all the larger sites visited
were in the process of aircraft orientation train-
ing for new mechanics. At some of these sitcs,
other mechanics’ classes were underway, dealing
with moreadvanced topics or recurrent training,
Inall cases, this training was related toaircraft {as
distinguished from safety training, personnel or

communication, or ad ministrative matters).

In the smaller sites, no formal training was
observed or reported. Thesesites had no training
departments or dedicated specialists for instruc-
tion.

8. Contact with Hight Crew(s)

Was information passed from the flight crew or
cabin crew to anyone in maintenance about this
aircraft? If yes, who was the maintenance con-
tact; and what was the content, form: (formal
report, note, face to face, etc., and timing of the
communication?

In two cases in the larger carriers, was a flight
crew observed in contact with heavy mainte-
nance hangar personnel. These were cases where

the finished aircraft was being released to the

pilot and crew. Limited information about the
overhaul was formally transmitted to the flight
crew.

in the smaller sites, frequent contact was noted
between flight crews and AMPs. 1n addition to
written communication in the aircraft logs, pi-
lots wouild sometimes verbally describe the per-
formance of the plane to a lead mechanic or

or. Mechanics or inspectors sometimes
accompanied the flight crews to the ramp for
engine or systems run-ups; or actually joined the
ilightin cabin or cockpit. The information passed
in these flights often dealt with cabin pressuriza-

tion and door seals.
2.3.3 Common Attitudes and Opinions: The
System Scan

There were similarities, across the various sites visired, in how
AMPs saw things and felt about them. These common
autitudes can help yield a systems scan of the “typical” heavy
maintenance systems sampled in the present study.

Organizational purpose and mission. In all sites, a typical
statement was, “everybody wants quick turnaround.”
Whether thiswas cause for AMPs’ frustration, or stoicism, or
pride depended on the degree to which they saw this as
realistic and relevant. AMPs observed in this study con-
sciously accepted safe and fast turnaround as relevant. but
not always realistic. Most sites visited had no explicitly stated
maintenance mission, beyond finding and fixing flaws as
directed.

In one site visited AMPs’ immediate work assignment and
the larger mission seemed clearly connected. In this size,
maintenance foremen held a briefstart-of-shift meeting with
their crew. In these meetings the foremen described the work
to be done, the system’s performance to schedule, and made
(or explained) general assignments. Mehanics had usually
obtained the job cards from the scheduling window before
the meeting and would go on to gather materials and tools at
its conclusion. During the meetings AMPs had the opportu-
nity to query the day’s assignment and the overall scope of
current aircraft in for overhaul. This was the only one of the
sites visited in this study which revealed a strategy of mainte-
nance which was both acknowledged and successfully pur-
sued by AMPs. AMPs and foremen at this site took pride in
airworthy repairs and fast turnaround of the aircraft. They
reported that they made a direct contribution to the efficient
and timely delivery of quality aircraft.
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In several other sites the work was arranged so that AMPs
continued a job from one day to the next, without turning it
over to another shift. Although their mission may or may not
be dear in these locarions {(and rapid turmaround was never
sericusly belizved as important by AMPs there) the AMP
could usually feel secure in knowing what was the job at
hand.

2.3.3.1 Organizational Culture

Hackman, (1990, p. 495) has reported that even theugh the
advantages of teamwork in the cockpit are widely recognized
in the airline industry, the culture of that industry sill
emphasizes individual rather than team aspects of cockpit
work. In the present study it was found that this same culture
infiuences the maintenance functions as well. Aircraft me-
chanics are proud of what is called their “macho” style. And
individual licensure and personal liability has, in some cases,
had an added effect of making AMPs and their supervisors
less willing tc share work across shifts, or with less experi-
enced or less skilled collcagues. The resulting performance is
slower (actually incurring delays when key employees are
absent), and the ability of AMPs 1o exchange ideas or
information is sometimes limited. This vestricted communi-
cation further supports traclitional emphasis on the indi-
vidual contributor as the basic work unit.

Another part of aviation industry culture is the passion for
flight. In the past, the aviation industry could aptly be called
“boys’ own airplane club,” because the people who chose it
loved airplanes, and flying. It was a beys’ dub, in heavy
maintenance at least. Even today few womsn AMPs or
managers were seen during the visits. The airplane passion,
however, has largely gone the way of wooden propellers and
fabric wings — held only by the long-time employees and
few of the new-comers. From the top to the bottom jobs,
people today join airlines for many reasons beyond the love
of planes. This dear shift plus other changes in iabor force
confounds the long-service employee. Older AMP., aresome-
times dismayed with the newer mechanics’ acquired skills,
their laissez-faire artitude, and their higher wrnover. The
new mechanics often profess to “like it okay here,” but admit
they are not “excited” about it. in some of thessites visited the
company’s reputation is of litdle concern to them, because
many can see themselves as moving on to other companies or
even otlier industries. These contrasting amitudes suggest a
culture undergoing a considerable transformartion.

2.3.3.2 Control over Work Assignment

An organization can have a clear locus of control, whether or
not it has 2 mission or conscious purpose. Such controf is
invariably in the control of other peoples” activities, especially

in the performance of the work. This control of behavior is
sometimes scructural, combined with behavioral norms, and
sometimes the norms themselves, over time, can yield con-
trol in one group over the others. When contre] over one’s
actions is diminished, “ownership” or pride of work declines
t00. In the present study, this lower pride was sometimes
associated with lower carefattention to the work — leading
1o slower work, fewer “buy-backs” by inspectors, lower
morale and higher reported employee tumover. Usually the
struggle for conurol over maintenance work was found
between maintenance and planning.

Computers and control. The struggle for control takes on a
different and meore complex dimension as computerized
planning becomes more common. Control by the computer
can take on a life of its own, seeming to rise above both the
maintenznee and planning people in its rigidity and singular
focus. In some sites both maintenance and planning seemed
confounded by the computer-based system of work plan-
ning. Complaints were heard primarily about the quality of
compurer-produced job cards and the absence of associated
graphics. Other complaints were voiced about the rigid
decision models the computer used for scheduting.

Auitudesabout training. Younger workers' attitudes toward
recurrent training are mixed. In companies where some
training is provided they wanted more; in those that didn’t
provide much training, the AMPs didn’tcomplain (butthey
literally may not know whar they’re missing). Many older
AMPs were abie to describe the OJT procedure and its
paperwork (they usually know itwell), but they also say when
they show younger guys something, it isn’t long before they
“think they know everything.” Such younger employees’
attitude toward training, if true, could work, over time, to

stifle the amount and quality of OJT.

Occupational Safety Practices. Safety is important every-
where, but practices vary widely. At some sites, it was
assumed that if no accidents have been reported, then the
safety policy is okay. At one site, safety policy required leads
completing a start-of-shift check list on housekeeping and
safety each day. In another, the foremen reported that they
hold 30-minute saiecy meetings with their AMPs once a
month. Yet another site had a new operations vice president
who, among his first official acts, required weekly safery
reminder sessions. Another site used blanket rules such as not
allowing tennis shoes on the pase. In somesites there is much
safety equipment around. Such equipment indudes auxil-
tary lighting, overhead cables and harnesses for working on
the aircraft crown, safety mils on scaffolding, protective
dothing, rubber gloves, safety glasses, safcty shoes, ear plugs,
respirators. Some safery posters were in evidence. It was
graufymg that at a personal level mechanics and inspectors
were often seen 1o remind their co-workers to act safcly At
several sites, foremen were observed refusing to assign work
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to their shift in unhealthy conditions (e.g,, where painting or
paint stripping was going on nearby).

In the main, personal safety in aviation maintenance is not
always emphasized to the degree seen in other industries.
Some examples are that AMPs were observed to take indi-
vidual responsibility for spreading absorbent clay on oil
spills, but only after somebody slipped. Several sites evi-
denced a variety of casual lightweight sport shoes. In others,
few AMPs wore carplugs or muffs, were seen not to use
overhead harnesses when working on the crown, and made
lirtde use of auxiliary lights (in favor of many flashlights).
Some of the foremen observed were very attentive to safety
issues during the visits and some were not.

Housekeeping in the overhaul area. In several of the sites
visited, one can walk to stores or brezk areas only by passing
through dimly lir, cluttered areas, with hoses and wires in
profusion on the floor. Despite the frequent attention of
janitorial crews, hangars at several of the sites visited were
dirty, dusty, or oily not only on the floors but on other
surfaces too. Work areas where AMPs demonstrated a pride
in cleanliness or tidiness were noted in only abour half the
sites visited in the present study.

2.3.4 Technical System Findings

Planning the overhaul. How the work is planned and
performed in heavy overhaul of aging aircraft varied among
the sites visited. In about half the sites the day-maintenance
foreman was responsible for assessing the extent of repair
necessary, and managing the course of the overhaul, follow-
ing the preliminary inspection by the quality control (QC)
department inspectors. Sometimes the planning group, in-
stead of the foremen, was responsible for scheduling and
managing the overhaul. In one case QChad taken unwitting
control for managing the “C” check, through clase control of
the issuance of job cards.

Key variances in aging aircraft. Large and complex repairs
were often called the “critical path” for the overhaul. Defecs
such as cracked doors or door frames, or extensive corrosion
of floor structures or pressure bulkheads were usually judged
as critical iterns or key variances to plan the overhaul around.
Key variances do not always require the most time consum-
ing repairs, but they may demand exotic pans or special
engineering planning, or intricate scheduling of other re-

paus.

Management in several carriers expressad particular pride in
corrosion control programs they had developed in-house.
Those programs were later confirmed by AMPs, who said
thar the company was willing 1o spend the extra time early,

mspectmg and treating corrosion-prone areas, to control
these variances in advance which prevented “surprises ” later.

If used aircraft were acquired from other carriers, the special
efforts to copewith their new-found corrosion demonstrated
the quality of the original fleet and the positive efforts of
corrosion prevention when it is employed.

At some other sites visited such variances were not as well
prevented, and might not be detected in the preliminary
inspection. Occasionally the extent of a defect detected
during preliminary inspection (partimlarly hidden corro-
sion) would not be revealed until late in the overhaul. In a
majority of the sites visited, corrosion (pamcu.larly when
accompanied by fangue cracks) and sometimes ramp-origi-
nated damage to skin, baggage doors and holds resulted in
repairs thar required more than the original estimated time.
This optimistic time estimation {(coupled with poor coordi-
nation or miscommunication between shifts or with shops,
or from engineering or QC which led to rework at least some
of the time) meant thar there was some kind of regular
“surprise” that thwarted AMP efforts to complete the over-
haul on time or in budger.

Some key variances in aging aircraft [e.g., multi-site damage
(MSD), or extensive corrosion to aircraft structure] demand
special knowledge about structural repairs to adequarely
fulfill either “damage tolerance” or “fail safe” requirements.
The existence of several such variances on the same aircraft
were observed to require the simultaneous employment of
very high (and scarce) AMP competence, and a considerable
degree of engineering or shop support. During these special
work reassignments progress on other aircraft in the hangar
was sometimes delayed.

2.3.4.1 Organizational structure and work
petformance

A certain degree of coordination difficulty and miscommu-
nication results from the way the systems were structured.

What differences do variations in the organization chart
seem to have on maintenance performance? What striictural
similarities do companies in the sample share which may
threaten to impair their currently enviable performance
record?

Some heavy maintenaice is organized with maintenance,
materials, inspection, and planning/scheduling functions all
reporting to separate vice presidents. In other companies,
scheduling and maintenance report together at a lower
organizational level. In yet others, materials department
reports to the maintenance organization. These differences

are reflected in the degree of cooperation among the depart-
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ments and the degree of shared purpose felt and expressed by
incumbents.

Differences were found among the sites in organizational
structuse (chain of command, span of control). Where
strong functional chains existed, communications between
AMiPs in the separate departments were often limited. Stores,
shop, and toolrooms were sometimes seen, or were reported,
to act sinsympathetically or unsupportively to maintenance’s

for parts, components or tools. For instance urgent
parts shipments were observed to arrive, and mechanics or
their foremen were not notified of this by stores within the
same shift. Communications breakdowns between those
chains were never, during the present study. seen ro compro-

mise aircraft safety.

To minimize that possibility, however, the industry must
continueto invest additional time, effort and money in cross-
functienal communicarion and controls,

Separate reporting structures were usually found to create
struggles for power and authority among departments (eg.,
maintenance, supp]y, shops, and planning). Such conflicis
areresolved in avariety of ways, but they usually result in one
dcpartment gaining a degree of contrel over the other. In
those cases where maintenance retains control over plan-
ning, the foremen and mechanics often express a sense of
triumph, and planners and coordinators feel some (usually
minor) distress at their perceived dedine in significance.

Where planning is the more powerful depariment, the
planners were scen 10 act apprehensively (. 1 often defen-
sively), and QC and maintenance foremena:  heir AMPs
fecl confused and frustrated. In these cases, the pru.. aers and/
or coordinators controlled job cards (and thus job assign-
ment), and access to them by any others was strictly discour-
aged. In these several sites, high control of repair by planning
was seen todiminish the pride of ownership and competence
that mechanics, inspectors, and their supervisors felt. Plan-
ners described their major function as “responsibie for the
aircraft,” while maintenance was seen as merely responsible
for completing repairs. Associated with mechanics feeling of
lower pride was lessened care/attention to work performed.
“Good enough to be safe is all we can manage,” was heard
from several mechanics in the sites where planning con-
trolled work assignment.

2.3.4.2 Differences in behavioral notms and work
performance

Norms are customary behaviors, not necessarily based on
policy. Norms of work assignment, or of managing AMP
absences and overtime can have advantages and disadvan-

tages simultaneously for maintenance effectiveness. Me-
chanic overtime and high use of temporary labor in several
sites were both observed to be effects of a lack of planning,
Mechanics in turn felt part of an “ad hoc™ organization with
lirde ability to forecast or plan for overtime. Occasionally
foremen were observed not to notify their shift replacements
of AMPs who had called in sick — sometimes hours before.
The resulting lack of control of initial work planning for
maintenance foremen and scheduling supervisors caused
them confusion and frustration.

Many of the sites visited displayed effects of expectations of
maintenance about stores. Typically, AMPs expected store-
keepers to be uncooperative, unfriendly, or slow; and main-
tenance supervisors expected stores to be often out of stock,
and slow to rorder frequently used parts and supplies.
Whether by self-fulfilling prophesy, policy considerations,
or by structural arrangements, the materials functions were
often in a defensive posture in management mectings and at
the parts counter because parts and supplies were not avail-
able when needed.

2.3.5 Social System Analysis Results

The social analysis involves the examination of the roles and
relationships within the whole work process. This activity
actually includes mapping both the persons who have work-
related interactions in the system and the reasons for that
contact. Because a comprehensive analysis of all positions
would be too time consuming, the social analysis focuses
upon the role or roles mosc involved in the control of key
variances, based on the assumption that every organization
exists in order to meet the short-term goal of produding its
product. This is the social system analysis, which maps the
cooperation and coordination undertaken between the focal
roles and others within and outside the work process. The
focal roles identified in the heavy maintenance operation are
the mechanic, the planner, or the inspector.

Every organization exists in order to mect the short-term goal
(G) of producing its product. However, in doing so it must
not adversely impact its capacity to survive as an organiza-
tion. To do so it must adapt (A) 1o, and be protected from
short-term changes and pressures in its immediate environ-
ment. It must also combine or integrate (I} activities
manage internal conflict and 1o promote smooth interac-
tions among people. Finally, it raust ensure the long-term
(L) development ofknowledge, skills and motivation to cope
with goal-related, envizonmental and systems requirements
in the future. In the social analysis, the lettes G, A, 1, L arc
used to indicate what type of functions are affected in
contacts among people.
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Many organizations have separate departments to perform
these funcrions. For example, industrial engineering, plan-
ning, personnel, and training departments can have the
formal responsibilities for one or another of the four basic
funcrions. Typically this specialization acts to narrow and
fimit theability of other employees to act appropriately when
a response from them in thar function is required. The only
dear exception to this are training ties because the

trainer serves to enlarge the roles and response reper-
toires of individuals without complicating lines of command
or the allocation of responsibility. Not surprisingly, perhaps,
a good many of these functional behaviors are performed
through informal activities at the level of the focal role. Not
only are these behaviors informal, they are often unrecog-
nized even though they may be more frequent and more
influential in affecting performance than the existing formal
methods and policies. The task for the social analysis is o
better understand the ways that these necessary social system
functions actually get carried cut, and to evaluate how
effective these methods are for satisfying the human and
technical requirements of the organization.

2.3.5.1 The Social Systern Grid

The examination of the presence or absence of a fixed set of
funcrional relationships in a social system is aided by charting
them in a way that combines both the four functional
requirements {G, A, I, L), and the particular relationships
{vertical and horizontal, internal, and cross boundary con-
tacts) describing the work process. This combinartion is
charted in a 4 X 4 table or “grid” of social relations.

Table 2.1 shows an overall evaluation of information sum-
marized from interviews and observation classified by the
four essential social functions. Table 2. I presents evaluations
of these typical contacts observed, and an approximation of
the relative frequency of those contacts.

Table 2.1, row “G,” reveals that communication about goal
atrainment is frequent (many contacts were coded “G™), but
effective only to some degree (about 20% of the total geal
atrainment contacts were evaluated by the investigator as
positive, while about 40% each were evaluated either neutral
or negative in their contribution to maintenance perfor-
mance).

Mechanics and inspectors play a central role in accomplish-
ing the essential task or mission of maintenance. The results
in Table 2.1 indicate that these AMPs play this central role
with considerable guidance from their foremen, with some
cooperation from others in their work group, and much
direct contact (although some of it is negative in outcome)
with other employees in the maintenance system.

Row A (Table 2.1) reveals that there is very little contact
among focal roles and other members of the maintenance
system zbout maiters dealing with relevant outside environ-
ments. Some foremen mentioned that cooperation in bor-
rowing orlending spare parts is good berween the maintenance
departments of different carriers.

Thesaine pattern, feund in Row G, of frequent but less than
effective communication between nuechanics or mspt::ctors
and others in the maintenance system is repeated for row “1.”
Those contacts affecting systerns integration {coded “I” in
Table 2. 1) had a larger proportion of negative evaluations in
peer group and supervisory communications than did con-
tacts for goal attainment. Rows “G” and “I” in Table 2.1
provide evidence for the observation that AMPs work with
strong support and guidance from foremen and other mem-
bers ofthe maintenance system, but their work relations with
co-workers in the same occupation is less developed. Me-
chanics do talk to one another about opportunities and
requirements for employment at other carsiers, which if it
helps an AMP make a decision to resign could surely be
considered “disintegrative” for the current employer.

Row L in Table 2.1 reflects a need for formal training
programs, a small management role in on-the-job training,
and a limited, though high impact role for AMPs in training
co-workers in their same occupation. Most mechanics and
inspectors said they obrained OJT from senior employecs.
However, in some situations there may not be enough
experienced technicians to ensure that there is enough high-
quality OJT for the junior pesonnel.

2.3.5.2 Focal Role Network

The “focal role analysis” maps the work-related communica-
tion between the focal role(s) and others in the work process.

The first figure that follows shows the general role network
{displaying the common pattern) for all sites visited. Subse-
quent figures show specific differences in three different
situations revealed during the site visits. The networks each
reflect = horm for the sample studied, and not necessarily any
carrier in particular. The focal roles identified in the heavy
overhaul maintenance system sampled in the present study
are the mechanics (both sheet metal and A&P), or the
planners or coordinarors, or the inspectors involved ina “C”

check equivalent on an aging aircraft.

In all cases their leads, foremen, or supervisors are also
considered focal roles. In the role networks displayed here
(Figures 2.0, 2.1, 2.2, and 2.3}, the shorter length of thelines
berween roles reflects 2 higher frequency of communication
observed. The arrows indicate one-way or two-way commu-
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nication observed. Double arrows pointing in opposite di-
rections (e.g., Figure 2.2) denote equally-frequent initiation
of essentially one-way communicarions.

The relationships depicted in Figure 2.0 {the common
pattern of communicarion found in ali sites} are repeated in
the following three figures, but in lighter co'itrast to enable
the reader to more readily see the urique communications
depicted in each figure.

The Figures 2.1and 2.2 display two major communication
patterns observed during the present study, and Figure 2.3
displays one unique patrera (observed in only onesite during
this study), for contrast. Figure 2.1 depicts the web of
frequent contacts in several sites where the maintenance
department (maintenance foremen and their managers) are
in control of the AMP work assignment process. Figure 2.2
shows an alternate network of frequent communication in
sites where the planning department played a major role in
mechanic and inspector work assignment. Finally, Figure
2.3 displays the unusual case described earlier in which the
QC department controlied work assignment.

Figure 2.1 portrays 2 composite of typical communications
pattemmns in the sites where maintenance is in control of AMP
work assignment. Figure 2.1 shows frequent contact be-
tween maintenrance foremen, leads, and mechanics. In addi-
tion it shows close coordination between maintenance and
QC foremen. Finally, Figure 2.1 reveals a close (daily)
interaction among all executive managers responsible for
supporting the maintenance effort.

This kind of communication pattern is particulazly effective
in maintaining aging aircraft when there is 2 dear mainte-
nance mission that is supported from above, and when
foremen are in dose touch with AMPs.

Use of pre-shift briefings. In one site visited, AMPs and
foremen were proud of their on-time and high quality “C”
check completions and this mission was supported by upper
management. This site is the model for the network shown
in Figure 2.1. At this site the foremen hold a brief mecting
with their AMPs at the beginning of each shif, in which a
focus on purpose is maintained by describing status of the
aircraft in the hangar, the critical aspects for timely comple-
tion of those aircraft, and briefly explaining work assign-
ments. In this case, mechanics have usually already obrained
the job cards from the scheduling window, and immediately
following the meeting, they go on to the storeroom for
matesial and tools.

These shift foremen were trained in how 1o conduct meet-
ings. In general the meetings kept AMPs informed of the
unit’s performance to goal, and of their own rofe in the
overhaul. The AMPs in turn took pride in successful accom-

plishment. Lead mechanics kept their foremen informed of
progress throughout the shift. Occasionally, the leads or
planners would also tell foremen of AMPs whose perfor-
mance was below standard. Foremen acted 1o guide and
reward good performance, and to understand and correct
substandard performance. Maintenance foremen also kept
in close touch with QC foremen to discuss approval of
complex repairs.

Less effective use of goals and communicetion. Several
examples of less effective maintenance systems were observed
during the visits. These were systems also typified by the
network in Figure 2.1, where maintenance was in control of
work assignment. In one of these iess effective sites, a mission
for maintenance (beyond airwerthy repair of aircraft) was
unknown to AMPs: litde urgency for timely work comple-
tion was observed, and managemen: urged expense contain-
ment.

In other less effective sites, disparate goals were set for the
various departments in the maintenance system. For repair,
overhaul turn-around times were set too high for a iargely
inexperienced work force to meet without an unusual degree
of cooperation frorm materials department and the shops.
Materials departments and shops in turm were given geals to
contain costs, and therefore could not respond to mainte-
nance demands by always having needed parts in ready

inventory.

Inspection goals could also conflict with maintenance as
ilustrated by the number of rejected, “non-routines” al-
lowed by QC management reported in several sites. Some
inspectors required engineening variance authorizations
(EVAs) for reportedly minor deviations from structural
repair manual (SRM) repairs. Where muldple and conflict-
ing goals and missions were set, and management continues
to press for them, time and/or cost performance would
necessarily slip. Besieged by conflicting demands foremen
tended to ignore AMP training, or coordination between
shifts, or forward planning for spare parts acquisition, almost
all of which alienated AMPs, and were reported as leading to
lower cost and performance-to-time results. The cyde, once
established, apparently continues in these sites withour reso-
Hon.

The effectiveness of these sites could be hampered even
further if lead mechanics were (by labor contract) in strict
charge of work assignment of AMPs. Where this situation
was found, Figure 2.7 would have to have been redrawn to
show less frequent contact berween AMPs and foremen.
This system resulted ii: generally less effective coordination
between shifts because foremen, not new in direct contact
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with AMPs, would make the face-to-face transition between
shifts. In some cases also, high senioricy AMPs would bid
into lead jobs without sufficient breadth of technical experi-
ence to always understand the work they were assigning to
AMPs and the results of which they were describing o

foremen.

There were other examples of how communication in an
inexperienced workforce created errors involving miscom-
munication. The combination of inexperienced mechanics
and long tenure foremen ofien caused the former to be
unassertive with the iarter. These subordinates are reporied
1o seldom voice their uncertainty or their lack of experience
when assigned to 2 job, except ar sites where there are strong
sanctions against remaining quiet. There were also accounts
of new AMPs who did not report problems when they
occurred. Cases were reported of relarively inexperienced
cmployees being mgned to work beyond their abilities—

ensuing repair errors. Those errors reported were dis-
covered and safety of flight was not compromised, but extra
expense and time were incurred and in some eases fittle
positivewas seen to be learned by foreman or AMPs. In mast
cascs of serious errors or incorrect repairs, the AMPs involved
were said to have quit or wers dismissed from the firms
shortly thereafter.

Figure 2.2 portrays a composite picture of the communicat-
ion pathways in sites where the planning department or
function dosely controlled the work assignment and job
cards. In these cases, the planners and/or coordinators kept
access 1o job cards strictly contolled. Planners described
their major function as “responsible for the aircraft,” while
maintenance and inspection were seen as merely responsible
for using the tools and undertaking assigned repairs. In these
sites, high control of repair by planning was seen todiminsh
the pride of ownership and competence that mechanics,
inspectors, and their foremen felt.

The algorithm often used by planning, in the sites visited, to
set priorities is based on length of time required for repain
with lirde or no atrention paid 1o the complex interactions
among 2 number of repairs (both “routine” and “non-
routine”) called for in the rypical overhaul. Both mainte-
nance and inspection foremen in these sites claimed thar the
planners lacked maintenance experience with repairs or with
aircraft o enable them to effectively prioritize a series of
complex repairs. This arrangement frustrazed foremen and
causad them to lose confidence in their own abilides. This,
and lower pride was often associated by interviewees with
lower carefattention 1o work performed — and with slower
work, lower quality work, fewer “buy-backs™ by inspectors,
and more rework. For AMPs, the visible absence of control
their foremen had over the erder in which work was per-
formed, and the ambiguity about what was to be done nexq,
was reported to lead to diminished job satisfaction.

Figure 2.3 shows the communications partterns for one site
in which inspection took control of work planning ar the
beginning of a maintenance check. In this case the inspection
foreman dosely controlled the overhaul planning by rewrit-
ing all routine job cards dealing with opening (and subse-
quently closing) the aircraft for inspection as specific
non-routine orders to only open access areas. Separate non-
routine orders were subsequently issued to close all access
locations only after QC inspectors had scrutinized those
areas. For the Boeing 727 aircraft observed at the site during
the visit, over 400 extra non-routine orders were created for

this purpose.

This unusual behavior presumably was based on a mistrust of
the many inexperienced mechanics employed by this com-
pany to read and understand the routine cards as written.
Although thar solution worked, and all inspection locations
were checked by QC, the “cure™ was almost as painful as the

“disease.” The resulting lack of contrel of inital work p]an-
ning by maintenance foremen and by scheduling supervisors
created confusion and frustration. For instance, when parts
were received and the planners and maintenance foremen
were notified, they were unable to locate the associated job
card 1o begin work if thar work (and card) wasstill under QC
control. These parts were often set aside until they could be
identified, and sometimes became lost or misplaced. Some-
times, because job cards were “missing,” parts were not
ordered on time. Waiting for QC to schedule “dlosing-up,”
the aircraft sat with fuel tanks open and vulnerable control
joints and bearings exposed to airbome contaminants. Be-
cause of management pressure to complete the overhaul on
a timely basis, mechanic overtime and high use of temporary
labor were both among the unwanted “products™ of this
system. Mechanics in turn felt part of an “ad hoc” organiza-
tion with little ability to forecast or plan for overtime.

Summary of Role Networks.

One of the major fii.dings of the role nerwork analysis is that
many of the roles dlosest to one another on the network chart
(Figures 2.1, 2.2, and 2.3) are between people in different
occupational groups (except for AMP and foremen or lead).
Thus the peoplein close contact with each otherare not only
the foreman and the mechanic, but also the mechanic and
the planner/coordinator, the mechanic and the inspector,
the mechanic with other employees in stores, and the fore-
man with production control, the various support shops,
and engineering. These are all examples of people communi-
cating between functional siles.
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Table 2.1

Summary of Communicatrion Analysis
"G, A, I, L" Functions Against Four Types of Social Contacts
Airline Maintenance Personnel / Heavy Check Service

1. 2. 3. 4.
Contact Contact Contact Contact
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Legend:

"+" = Communication as observed is helpful or facilitative to the function or relationship
"Q" = Communication as observed is nuetral to the function or relationship

* ¥ = Communication as observed is helpful or facilitative to the function or relationship

2.3.6 Organization, Attitudes, and large carrier in which foremen conducted pre-shift meet-
Performance ings; and the two smallest carriers where inspectors were

also the senior mechanics. Communication in these three

. bet G sites induded 2 grear deal of “technical® or goal-reated

23.6.1 and attlg'tu(ic ) management p o contact/ oommun?caﬂon within and between occupational

groups and hierarchical levels, as well as expressions of
employce good-will and personal support for one another.

Three of the eight sites visited exhibited higher levels of  These communications werc observed in ﬁ'equent or regu-

communication than the rest. These three sites indude the
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lar group meetings as well as in individual face-to-face
contacts. ‘These three sites also evidenced the clearest main-
tenance and company missions. The larpe carrier among
these three reported consistenty high levels of timely comple-
ton of “C” checks. Finally managers, and AMPs in all three
of these sites expressed the greatest individual sarisfaction
with their timely performance and/or high quality as was
expressed in any of the sites studied.

The other five sites varied in the amount of communication
and contact observed and reported. All of the five had less
frequent com:nunication than the three sites already re-
ported. Among the five sites, lower levels of communication
were associated with greater observed and reported conflict
between shifts and occupational groups. Whether past con-
flict reduced present contact, or if conflicts arose through
misunderstandings caused by inadequate orincomplete com-
munication, is impossible to say with the data available —a
combination of both is mast likely. Expressions of personal
satisfaction were lower among AMPs in these five sites.
AMPs were less likely to say they planned to stay with thar
employer, and in a few sites mechanics and/or planners said
they were considering leaving aviation maintenance alto-

gether.

23.62 Quality Petformance Information for
heavy maintenance (“C” check)

“Hard numbers™ were not available to AMPs at most sites
visited, but the following indicators were often at the core of
their concerns and discussion with others about final resuls
— “getting safe aircraft out on time.”

1) Maintenance,
Doing it right the first time. Indicated by the time
(and/or iterations) required to perform a repair thar
will be approved by inspection; tt s includes rework of
completed work rejected by inspection, as well as "false
starts” caught by lead mechanics, foremen, engineers
or inspectors, and begun 2gain during the repair pro-

CCSs.

Underestimated repair severity. Indudes severe de-
feers identified as minor, or identified after inital
inspection, indicated by underestimated repairumeor
adjusted coordination of repair jobs to accommodate
for omissions or optimistic assessments of defects

identified early.

2)  Inspection.
Absence of Turnbacks. Involves the assessment of
severity of a defect such as corrosion or fuselage cracks
— less severe defects that were identified were indi-
cated by the presence of some number of nen-routine
defect “aurnbacks” to inspection by maintenance.

3) Planning.
ic but realistic schedules. Measured by the
ability to adjust the maintenance schedule and spare
parts ordering so that revised check completion dates
can be realistically met. This performance relies on
being ableto account for complex interrelations among
the individual repair jobs contained in the heavy
check.

23.6.3 Linkages between Practices, Attitudes,
and Performance

Quality performance, as measured above, was highest in the
three sites described earlier as having higher levels of commu-
nication. The high degree of “technica” or goal-rclated
communication within and between occupational groups
and hierarchical levels in these sites contributed to 2 focus on
timeliness of repair and/or quality.

In the two small sites of the three, scheduling changes were
performed by the foreman in consultation with lead me-
chanics, while in the larger site the maintenance foremen
stayed in dose touch with planning and QC as work pro-
gressed and the schedules changed.

In association with the less frequent communication and
oontact observed at the remaining five sites, AMPs displayed
and reported greater conflict between shifts and occupa-
tional groups. The five sites also displayed or reported lower
quality performance as measured above.

2.4 CONCLUSIONS

Among theaccepted causes of work quality is the committed
attitude, the high level of knowledge, and the positive state of
mind of employess performing thai work. Conversely, nega-
tive artitudes, lack of knowledge, and disquieted mind relate
w0 poor quality and a reduction of safe conditions and
outcomes. This study obtained measures of the amount of
communicarion about the work and interpersonal support,
the levels of trust, and the degree of frustration or faclitation
of human needs. Important sources of employeeantitudeand
state of mind in aviation maintenance were found. The
condusions to follow are directed ar stressing these impor-

fant aspects.
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Figure 2.0
Common Communication Pattern - All Sites

241  MAJORORGANIZATIONALCOMPO-

NENTS Identified asa Resultof the System

DEDICATION: It s not an exaggeration to state tha all
employees and managers of the heavy maintenance

meaning, and bright. Theseare peoplewhowant todo
their best for safety.

ENJOYMENT OF WORK: It is also true that an over-
whelming majority of mechanics truly enjoy mainte-
nance work and mechanical repair.

RESPECT FOR COWORKERS AND MANAGERS: In

systems visited in the course of the present study are
dedicated to safery of flight. To their credir, most
mechanics, inspectors, planners and their managers
want to beable to see the “big picture,” and to have real
competence in complex detection and repair tech-
nologies. Throughout the course of this study, the
people observed were serious about their work, well

the main, AMPs also like and respect their co-workers
and managers. In the smaller, regional carriers in
particular, the relationship between inspectors and
mechanics is mutually respectful and professionally
useful for both parties. These mechanics learn ad-
vanced repairs and detection from the more experi-
enced inspectors, and the latter learn by and from the
teaching.
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Maintenance in Control of Work Assignment

PARTICIPATORY MANAGEMENT: Excellentandwell ~ encouragement for high AMP performance, as well as in-
proven management practices, and resulting high per-  sighr and action when performance was poor.
formance, were observed in the course of the present .
study, but they were not the norm. Participatory Many of the other sites observed reflect a partern of manage-
management in combination with high performance =~ Nt practices and results that roughly matches the Ameri-
organization, was observed consistentlyin justonesite, 0 national norm for completely standard practices:

and noted to a lesser extent in two others. functional organization, firm goals, traditional supervision,
o ) and sufficient controls to guarantee minimal required out-

In the one truly excellent site visited, shift foremen behaved  comes. These practices do not seem 1o measure up in the
quitedifferently than in theother companics. Theseforemen  current environments for motivating or developing employ-

had been trained in, and encouraged to hold, daily work-  ees; even as they may continue to tumn out acceptalsie repairs.
related meetings with their AMPs. They met at least weekly
with other forernen and their superior. In addition, they were
responsible for the pursuit of a conscious and public mainte-
nance mission and for setting and achieving measurable
objectives. They were expected to provide work direction,
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Planning in Controi of Work Assignment

MISSION written mission statement for their department
or for their company. Nor did any report having
1.  Definition: An effective mission — published, dis- seen or heard of any such formal statement. Asto

cussed, internalized and acted upon — is no mere
slogan. It can be the driving force in ensuring
worksystem excellence. Tt guides and unites the people
of the organization in their pursuit of product “perfec-
tion,” and it thereby also helps to cement the link
between the organization and its customers.

Findings:

a.  Mostsites had no explicit mission, for Mainte-
nance or the Company. None of the AMPs
interviewed had participated in developing a

their own understanding of their mission, two
statements were typical. The usual statement
was: “We all want safe aircraft.” In addition,
some AMPs reported that “the Company wants
fast turnaround.” Combined — and with a
course of action specified — these two state-
ments might serve as the nucleus for a wuly
effective mission, serving and uniting the inter-
ots of workers, managers, passengers, share-
holders and even regulators. Yet only in three of
the sites visited was such an integrative mission
and action plan observed in print, speech or
practice.
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Inspection in Control of Work Assignment

b.  Having two ‘sub-missions’ is not seen as realis-
tic. The AMPs observed in this study clearly
accepted the dual “mini-missions™ of quality
repairs for aircraft safety, and speed of tum-
around as relevant. They know that both of
theseaims areimportant. Burwhichwayto lean?
Without a sense of success in achieving both, the
essential unity of these aims is replaced by feel-
ings of organizational confusion, psychological
stress and interpersonal strain. Most of the time,
in many of the sites, the expectation that they
will fulfill both sub-missions at the same time is
fait by the AMPs as clearly unrealistic.

Most choose ‘safety’ s their mission; in con-
flict with ‘speed.’ In response to their conflict-
ing-aims dilemma, the AMPs interviewed and
observed favorad safety (quality/accuracy) as
their everyday work priority. Under the normal
demands for fast turnaround, they did make
their best effosts to move the work along how-
ever, but notso quickly that flig ¢ safety was put
at risk. And, of course, that is the right thing to
do. But doing the right thing leaves many
AMP:s in conflict over the other right thing. It
makes their private choice in favor of safety of
flight feel inconsistent, and it leaves them feel-
ing at odds with their management’s rightful
demands for speedy tumaround.
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Under pressure, the ‘mission’ reverts to ‘fixing
things.” When the workload went up, with
considerably more tumarounds and repairs ex-
pected, AMPs at several sites were observed to
wait passively for their work assignments to be
handed out by the supervisor. Their “mini-
mission” then could be seen as neither safery nor
speed. Instead, their guiding rule was deary to
“just fix things (safcly), as assigned.”
Asthework was assigned, the AMPs performed their allotted
tasks with all the care, skill and effort required. Bur their aim
had dropped: from the safety mission (with an awareness of
the clock), to merely doing the immediate task at hand (with
flight safety still in mind, and the inescapably clanging clock
considerably more in mind than usual).

CULTURE

The prevailing culture in heavy maintenance contains an
individualistic attitude among mechanics, combined with a
cooler passion for airplanes and flight among the newer
employees than was common with an earlier generation.

Increasingly, people are taking airline jobs at both the top
and the bottom levels for more prosaic reasons than a love of
airplanes. Employees today seem to be generally less willing
than their counterparts in the past to share responsibility by
working closely with others. The obligations an individual
A&P mechanic rakes with the FAA license, and the personal
ichility thar entails, were reported to have the effect of
making AMPs and their supervisors less eager to share work
across shifts, or with less experienced or less skilled col-
leagues. One result of this is slower wrnaround (incurring
delays when key employees are absent). Another result is a
considerable limitation of the opportunities for AMPs to
effectively exchange ideas or information. Learning was
thercfore hampered, too, and with it, skill development so
important to the quality of work performed.

AMP EXPERIENCE

Most heavy maintenance sites visited had AMPs with very
long service, very short service, and very few in the middle.
The “younger” AMPs (those with less experience) were often
specialists in the large sheet metal repairs or laborious inspec-
tions called out by recent airworthiness directives (ADs).
Many of the AMPs with less experience had less than
complete advance preparation for complex structural repairs
thus OJT and formal training were necessary.

Most of the companies studied hire new mechanics and
planners directly from A&P schools. These new employees
learn model-specific information about farge passenger air-

craft in formal classroom training conducted by their em-
ployers. For more specific derails of airframe technical re-
pairs, new AMPs mainly learn on the job.

Although many companics encourage AMPs to hold A&P
licenses, there remain AMPs who do not, espedially among
the sheet metal mechanics. Sheetmetal mechanics who do
have an A&P license report they received little prepacation
for this specialty at school. Few AMPs in the study felt well
prepared from either school or subsequent training to under-
take complex structural repairs or use complex NDI equip-
ment. Such skill is developed on the job.

CONTROL OF WORK ASSIGNMENT

A struggle for control over maintenance work was observed
between maintenance and planning in several sites. This
struggleis beginning to take on adifferent and more complex
dimension as computerized planning becomes more com-
mon. Wheresucha system is not very carefully managed and
designed, it can become “control by computer,” with a
rigidity and singular focus that can act against the intentions
of its sponsors and crearors.

242 MAJOR ORGANIZATIONAL
COMPONENTS Identified as a Result of

Technical System Analysis

Key Variance Control

Early key variance corrections have reduced costs and raised
morale. Not getting the needed cross-department coopera-
tion sometimes blocks the path.

Maintenance foremen in some sites could not always obrain
the coordination and cooperation they rseded from other
departments in order to artend to “critical path repairs.”
Critical path items were those minimum criticai repairs (in
particular kinds of flaws, defects, fatigue wear, and damage to
the aircraft) which determined the course of the overhaul:
These particular defects in aircraft condition were under-
stoad as the “key variances” in overhaul. When key variances
weredetected early and repaired correctly the first time, long-
term maintenance costs were reported to go down while
maintenance morale rose.

Sometimes these variances were not detected during the
preliminary inspection, and occasionally the extent of fatigue
damage (particularly corrosion) would not be revealed until
late in the overhaul. Apparendy this fatter situarion is not
unusual. In many of the sites visited, the aircraft observed
had corrasion or (less frequently) ramp damage that required
more than the original estimated time to repair. This situa-
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tion meant that there was a regular, but nasty “surprise” that
defeated efforts to complete the overhaul on time or within

budger.

24.3  MAJOR ORGANIZATIONAL
COMPONENTS Identified as a Result
of Social System Analysis

Organizational and Group Teamwork

Individuals and groups at several sites did not always work
together effectively. Several factors appear to be contributing
70 this less-than-ideal state of cooperation and coordination.

Interviewees listed difficulties with work organization, guid-
ance, and training in the face of an increasing work load
along with the increzsing complexity of repair for aging
aircraft. AMPs at several sites reported that they were too
often unable 1o obtain parts in a timely manrer. This
contributed to an uneven work flow complicating work
coordination and creating additional frustrations for me-
chanics and supervisors. Fairly frequent and sometimes even
heated discussions with others about the cormrectness of
repairs, when no prior standard seemed to exist, was also
reported as disconcerting to everyone involved. In summary,
despite the best efforts of all concerned, a truly effective level
of teamwork was not the norm at several of the maintenance
work systems studied.

In some cases, more experienced mechanics questioned the
motives and performance of younger mechanics. In these
sites, mechanics and inspectors on a given shift did not
approve of work performed on 2 preceding shift and/or

would not trust their own work to the oncoming shift.

Although there appeared to0 be some misunderstanding and
negative feeling between mechanics and inspectors, themain
feeling was one of mutual respect for the separateroles and a
civilized agreement to disagree. Mechanics in some sites said
thar they did whatever work the inspectors required. Fore-
men and mechanics in other sites said that inspectors were
inconsistent, and this caused them to over-process and
unnecessarily replace parts. Sheet metal foremen in many
sites felt that the inexperience of new inspectors was a major
issue. Inspectors said that there were occasional issues be-
tween themselves and the mechanics over the interpretation
of standards in the structural repau' manual (SRM). Inspec—
tors in many sites reported requiring more engineering
variance authorizations (EVAs) before approving non-SRM
repzirs. Inspectors in some sites said that the quality of the
mechanics’” work needed to be improved.

The production control or planning group was often identi-
fied by respondents in the sample (induding planners and
coordinators themselves) as the least salient, most overstaffed
unit. They reported having (and were reported to have) less
training and less well-defined standards than they would
need to best contribute to an effective hangar maintenance
system. When the planning group obrained, or was granted,
control over work assignment, the results on productivity
and hangar morale were usually described in negative terms.

Internal Maintenance System Boundaries

Existing organizational boundaries are not appropriately
drawn in several sites. Their current boundaries tend to
create separate organizations within the same system, en-
courage finger-pointing, and promote more politics than
productivity. The necessity to cross these boundaries (for
example between marerials and maintenance or between
shops and maintenance) has built-in difficulties in negotiat-
ing demands in support of the systems requirements. When
these separate departments have conflicting goals, and di-
verging or incomplete understanding of the maintenance
and company mission, these difficulties would occasionally
escalate near the limits of the system’s ability to cope.

In a number of the sites visited, both management and
AMPs reported that moralewas lower than it had been in the
past, and that absence and turnover among AMPs was
increasing. Respondents said tumover caused by poor mo-
rale was in part the outcome of frustration over work
coordination, concerns about being asked to do more than
can be done, and lack of cooperation and communication
among separate departments.

Despite all this, mechanics and inspectors said they liked
aircraft maintenance work and most of them expected to
remain in the industry. Many, however, were not sure if they
would stay with their present employer. Planners, on the
other hand, said they were less likely to stay in maintenance
atall. They reported that their jobs were less challenging and,
as a group, felt they were held in low esteem by other AMP

groups.
25 RECOMMENDATIONS

2.5.1 Guidelines for Management

Based on the results of the general overview produced by this
study, it is important to strengthen the reiauonshlp herween

AMP technology, coordination and cooperarion, and per-
formance.
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The goal of this first set of recommendations is to create
guidelines which draw condlusions about the cffective use of
the human factor — in parterns of communication for
effectively getting work done, together with satisfying the
AMP work force; and to usethese findings to create guidance
to maintenance managers and supervisors for improvement
of such communication in the maintenance function. It is
recommended, therefore, to develop management guide-
lines for improving communication in maintenance work.
In particular, the guidelines should ~mphasize communica-
tion styles and techniques useful in applying new or known
effective AMP technologies.

Outlines and draft guiddines should be field tested with
maintenance managers for feedback or those outline materi-
als. From this feedback the guidelines for effective commu-

nications within maintenance ozganizations would be

developed.

Guidelines as created should be consistent with the develop-
ment of maintenance teamwork training derived from cock-
pit resource management (CRM) experience in theindustry.
Further, the guidelines should be written n a style and
format for use by maintenance management personnel.

1}  Deliveranouiline forcommunication guidelines vshich
a)  specifies:

AMP artitudes about the local organization.
Maintenance management style.

Maintenance organization purpose, long-term
objectives, and short range goals.

Maintenance organizational structure.

Job design for applying the technology.
Parterns of coordination and communication in
applying the technology.

Success in attaining goals and objectives in pur-
suit of purpose.

Describes the outline topics in terms of case
study and observations already collected in AMP
studies described in this report.

b)

2)  Present this outline to maintenance managers in the
industry and obtain feedback of topics and concept.
Deliver an interim report describing the results of
analyses of data collected received during feedback and
field tests. The deliverable at this interim stage will
provide further elaboration of the outdine topics based
on field test of the previous case studies and observa-
tions and added #lustrative material obtained during

the field tests.

3)  Delivera final and detziled report of the Communica-
tion Guidelines for effective commmunications within

maintenance organizations. The Guidelines shall be
written for maintenance management personnel.

2.5.2 Industry Validation of the Findings from
the Present Study

The present study, as described, was intended to provide a
rapid diagnostic picture of current U.S. experience. The
study necessarily focussed on a narrow slice of aircraft main-
tenance, it employed informal measures of collecting data,
and it was produced from a smuall sample rather than from
the comprehensive popularion of companies comprising the
industry.

The second major recommendation suggests more formal
and comprehensive measurement by and for the commercial
aviation maintenance industry itself. For a permanent and
definitive record of the industry it would be valuable o
quantify and expand the present study through the develop-
ment of a formal survey questionnaire, designed and admin-
istered by the industry itself. For such a questionnairea larger
and representative sample of companies and their employees
and managers nationwide would be drawn, and the area of
interest would be extended from heavy maintenance of
fuselage to all heavy maintenancc activities in all areas of the
aircrafc, and to maintenance at the flight line as well. The
data collected should alsc include the experience of working
with newer aircraft.

Specific steps to quantify and expand the present study:

Develop a formal survey questionnaire from the find-
ings reported here. Extend the area of interest from
heavy maintenance of fuselage alone, to at least all
heavy maintenance activities in all areas and systems of

the aircraft.

Specify questions the answers to which can be quanti-
fied into scaler values.

Obtain response and advice about the Guestionnaire
items from both management and labor representa-
tives of the commercial aviation maintenance indus-

try.

Pretest the resulting survey instrument with a repre-
sentative sample of airline maintenance employees,
and correct or change itemns zs required. Promote the
support and cooperation of the industry’s leaders for
the survey.
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Encourage company managements, local union repre-
sentatives, and relevant professional societies to sup-
port the survey.

Draw a large and representative sample of companies
and their employees and managers nationwide for an
initial administration of the survey.

Make the preliminary results available to the sponsor-
ing parties for aid in interpretation of findings.
Publish and distribute the final report within one year
of the survey.

Develop and conduct a series of industry-wide meet-
ings to discuss the results of the survey and plan
changes to be made on the basis of those discussions.

25.3  Undertake Changes in Maintenance
Organization and Management

This study may, in itself, provide sufficient validation of the
state of maintenance safety efforts to prompt some managers
and executives to take action based on its findings. The third
set of recommendations therefore indudes the following.

Increase the workforce competence. Increase and improve
on th= job (OJT) training by using experienced AMPs or
qualified trainers who have themselves been trained in ap-
proaches to effective learning. Improve and expand com-
pany sheet metal and composites training for inspectors as
well as mechanics. In addition to better OJ T, new intelligent
tutoring systems should lend themselves to efficiency in this
recurrent training. Expand and emphasize teamwork train-
ing. Extending the effective training methods and curricula
of cockpit resource management to maintenancs managers,
foremen, and AMPs is suggested.

Emphasize and support maintenance system centrality in
company purpose. Each company should concentrate on
developing a clear company mission st2vement, and help the
maintenance system enunciate its role in it. Maintenance
mission for each company should likewise be developad, for
which dearcut goals and objectives can be created and
pursued. All maintenance personnd should be able to de-
scribe their role in achievement of these objectives and how
these fit with company purpose.

Develop commitment to human values which reflects the
desired practices of management and employees, and which
enhances the logic of those practices. Each company and
maintenance system should have a statement of values about
people, including (at least): employees, managers, sharehold-
ers, contract personnel, competitors, passengers, and the
travelling pubiic. These values should be able to link with
management practices, and the rationale for them.

For example, if an AMP doses out the current job card close
to the end of the work day, why should the use of personnel
time clocks also be required? Dedicared workforce atten-
dance and timekeeping for personnel systems is neither
required by labor law, nor is it the only effective way 10
acquire such data. AMPs are inconvenienced at the time
docks by waiting 2 second time each end of shift for the
convenience of personnel departments. Time docks may
not be in keeping with values which announce trust in
employees and respect for their abilities.

Another example of the logic of human values relates to
policies and practices of employee furlough, or lay-offs. The
value statement that claims employees are a most prized
resource is difficult for AMPs to reconcile with past lay-offs.
Of course 2 management cannot guarantee lifelong employ-
ment, but such value statements invite the creation of a
logical and visible set of steps to be taken by a company
before any employee is laid off. Consistency in values and
practice and an open attitude to communication with em-
ployees creates greater commitment to the company.

Create and endorse teamwork in the maintenance system.
Eliminate or modify the boundaries between the various
function specialties in the maintenance system. This would
include planning, shops, and certain parts of engineering and
materials groups. Even inspection can be designed to en-
hance cooperation with maintenance while continuing to
comply with FARs for a separate QC department which
reports, independendy, to top management.

Reduce the emphasis on the individual contributor as the
basic work unit in aviation maintenance, in favor of grearer
teamwork among AMPs. Consider enhanced company role
in b initio AMP orientation training. Surely the current
experiments with aircarrier operared A&P schools will prove
effective in imparting up-to-date technical knowledge and
skills.

Promote exceller:ce in management performance. Encour-
age foremen to hold daily meetings with their AMPs. En-
courage maintenance managers to hold at least weekly with
their foremen. Emphasize management and foreman re-
sponsibility for the pursuit of a conscious and public main-
tenance mission and for setting and achieving measurable
objectives. Expect foremen to provide work direction, and
encouragement for high AMP performance, as well as in-
sight and action when performance is below par. Involve
AMPs in decision making and problem solving about mat-
ters that affect them ar work. Ensure that communication
throughout this management system is two way.
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254  Communication Guidelines

The first yeay of this research was focused on identification
and obsenvagion of communication practices in maintenance
organizations, During 1991 a handbook will be developed to
provide practical advice to improve such communication
practices.
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The Maintenance Technician in inspection

Chapter Three
The Maintenance Technician in Inspection

3.1 INTRODUCTION

The problem of improving the reliability of aircraft in-
spection and maintenance is multi-faceted, so that this
chapter only details one part of the Federal Aviation
Administration and Galaxy Scientific Corporation ap-
proach tosolutions. Justification in terms of fleet age, and
maintenance philosophy is presented elsewhere in the
NAARP and this report.

The objectives of this task can be stated as:
This aspect of the NAARP Human Factors plan is o

determine rypical human-system mismatches ¢ guide
both future research and short-term human factors imple-
mentation by system participants. Also, by providing a
human factors analysis of aircraft inspection, itis intended
to make human factors techniques more widely available
to maintenance organizations, and to make aircraft main-
tenance more accessible to human factors practtioners.

To meert these objectives, the context of aging aircraft
inspection is important to show the relationship of this
task to improved airworthiness and public safety. 1fan
aircraft is to be properly maintained, the maintenance
system must either be error-free or error tolerant. Cracks
and corrosion in the metal structure of commercial aircraft
are a fact of life; there will always be defects present.
Correction of defects demands detection of defects, and
this is one area where systems improvements should be
looked for. The system for defect detection consists of a
human inspector aided by various machines. Humans
and machines are both fallible, so that ways are needed to
make these system components less error-prone, and the
system more error tolerant. The detection/repair strategy
used throughout the world is to specify 2 maintenance
interval such that ifthe defect is too small to detect on one
check, it will be both large enough to detect and small
enough to be safe on the subsequent check. However,
failuretodetecta crack orcorrosion whichwasin factlarge
enough to be detected does net give the same level of
assurance that it will not cause a problem before the next

check.

The aircraft inspection system is a complex one, taking
place at sites ranging from large international carriers,
through regional and commuterairlines, to the fixed-base
operators associated with general aviation. Inspection,
like maintenancein general, is regulated by the FAA in the
U.S.A. and equivalent bodies in other countries. How-
cver, enforcement can only be of following procedures

(e.g. hours of training and record-keeping to show that
taskshave been completed), not of the effectivenessofeach
inspector. Inspection is also a complex socio-technical
system (Taylor, 1990), and as such, can be expected to
exert stresses on theinspectorsand on otherorganizational
players (Drury, 1985).

Just as effective inspection is seen as a necessary prerequi-
site to maintenance for sz “>ty, so human inspector reliabil-
ity is fundamental to effective inspection. The inspection
system will be described briefly 1o provide a background
for the inspection Task Analysis which follows. Datawas
collected from six sites in the United States, two each for
three major national/international carriers. (In addition,
some observations were made at the maintenance sites of
two European carriers, but no detailed Task Analysis data
was collected at eithersite.) Major carriers were chosen to
reduce the variability of inspection systems observed, with
the aim of collecting usable data within a limited time
frame. Regional and commuter airlines, and aircrafc
repair stations will be added during the second year of the
project.

32  THEINSPECTION SYSTEM

Aircraft for commercial use have their maintenance and
inspection procedures scheduled initially by a team in-
cduding the Federal Aviation Administration, the aircraft
manufacturer and start-up operators. Theseschedules are
then taken by the carrier and modified, in 2 process which
must meet legal approvals, to suit the carrier’s require-
ments. For example, an item with an inspection interval
of 5,000 hours may be brought forward 10 a 4,000 hour
check so that it can be performed during a time when the
atreraft isundergoing other planned maintenance. Within
the carrier’s schedule will be checks at many differemt
intervals, from flight line checks and overnight checks,
through A, B and C-checks (often in themselves subdi-
vided, e.g., C-l, C-2,...) tothe “heaviest” level or D-check.
This project has concentrated en C- and D-checks be-
cause these are the times at which most detailed structural
inspection of airframe components is undertaken—the
focus of the National Aging Aircraft Research Program
(NAARP).

As an aircraft is scheduled for a heavy check, all of the
required inspection and maintenance items are generated
by a Planning Group within the carriet’s maintenance
organization. Irems included scheduled known repairs
{e.g.. replace an item after a certain airtime, number of
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cycles or calendar time), repair of items ciscovered previ-
cusly (e.g., trom pilot/crew reports, flight line inspections,
items deferred from previous checks), and scheduled
inspections. The inspections are expected to lead to
repairs in certain cases, i.c. if 2 defect is found by the
inspection system. With the aging fleer, it is of some
interest thar scheduled repairs now account for perhaps
30% of all repairs, rather than the 60-80% scen in easlier
years, due 1o the finding of more age-related scructural
defects in the aircraft.

Because such a large part of the maintenance workload on
a particular check is discovered during inspection, it
remains an unknown to the Planning Group. Mainte-
nance technicians (AM'T's) cannot be scheduled until the
workioad is known, and replacement parts caunot be
ordered until they arediscovered to be required. For these
1easons, it is imperative that the incoming inspection be
completed assoon aspossibleafier the aircraftarrives atthe
maintenance site. This aspect of the organization of the
inspection/maintenance systemn gives rise to certain pecu-
liarities of ergonomic importance.

As it is imperative that all defects requiring repair be
discovered as quickly as possible, there is a very heavy
inspectionworkload atthestartof each check. Tokeepthe
number of inspectors within bounds despite this sudden
workload requirement, most airlines use considerable
overtime during “check-in” of an aircraft. Thus, if there
are ten inspectors regularly working each shift, double
shifts can give effectively twenty inspectors for a short
time. Hence, for the first, perhaps, six shifts after check-
in, inspectors expect considerable overtime, leading of
course to prolonged hours of inspecdon work. Also, asan
aircraft typically arrives after service (e.g., 2200 to 2359)
much of the incoming inspection is on night shift. An-
other factor predisposing towards night shift inspection
work is Non-Destructive Inspection (ND], or NDT for
testing) involving hazardous marerials such as X-ray or
gamma-ray sources. Forsafety reasons, such NDIwork is
typically performed during work breaks on night shift
when 2 minimum number of people ne=d to be inconve-
nienced toprevent radiation exposure. Note thatany time
spent at the maintenance site between about 2300 and
0700 will not generally incur a Joss of revenue as curfews
prevent landings and take-offs berween these hours at
many U.S, airports.

Before each inspection can be performed, thereare certain
activities necessary for correct access. The aircraft may
need 1o be deaned inside and our {e.g., cargo hold below
galleys and toilets), paint may need to be removed (e.g., on
fuselage crown for NDI of lap-joint areas), parts of the
aircraft may need to be removed (e.g,, seats and cabin
interiors for internal inspection of stringers or flaps and

slats to inspecx their tracks), or access panels may heed 1o
be opened (e.g., panels in vertical stabilizer for access to
control wires and contro] actuation mechanisms).  As
inspection is performed, each defect found leads wo a
report being filed. This, variously called a Non-Routine
Repair (NRR) report, or a Squawk, is added to the work
pack of repairs required before theaircraft can completeits
check. This NRR in itself generates the new workeards
necessary for its completion, often via the Planning Group
or Production Control. It may also generate the need for
additional inspections, for example, to ensure that certain
nuts are torqued correctly during installation, or that a
skin parch (“scab”} has been cormectly added. These
subsequent inspections are called “Buy-Back” inspections
intheU.S. Typically, asa check progresses, the inspection
workload both decreases due to completion of incoming
inspection, and changes in nature due to agreater prepon-
derance of buy-backs. Also, the rhythm of the work can
change, as incoming inspection starts out with relatively
few interruptions, but interruptions increase in frequency
as AMTs call in inspectors to perform buy-backs of
completed repairs.

33 METHODOLOGY

With the objective being to locate human/system mis-
matches which could lead to error, the basic methadology
had to be one of direct observation of, and interviews with,
system participants. Althoughan understandinghad tobe
developed of how the system should work, the major
emphasis was on how the system doeswork. Theaimwas
not to evaluate the observed systems against published,
legal standards, but 10 determine how the system fune-
tioned. Promulgation and change of regulations is only
one way of enhancing system performance. In systems as
large and complex as aircraft inspection it is natural to
expect a variery of ways to accomplish multiple (often
cenflicting) objectives withiz an existing legal framework.
Alldatawas collected anonymously to enhance its validity,
Two points should be noted:

1. All system panticipants were open and honest
with members of the Task Analysis team. Every
person we met was highly motivated, and hon-
est, as well as genuinely concerned to improve
system effectiveness.

2. Ifthe team’s task had been to measure compli-
ance with existing regulations, it would have

used an enrirely different methodology.

Error-prone human/system mismarches occur where task

demands exceed human capabilities. The necessary com-
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parison is made through the formal procedure of Task
Description and Task Analysis (Drury, er.al., 1987). Task
Description is the enumeration of necessary task steps, at
2 level of detail suitable for the subsequent analysis. Task
Anafysis uses data and models of human perﬁnnancs 1o
evaluate the demands from each task step against the
apabtlms of eachhumansubsystem required foroomple—
tion of thar step. Examples of subsystems are sensing (e.g..
vision, kinesthests), information processing (e.g. percep-
tion, memory, cognition),and output (e.g. motor control,
force production, pasture maintenance). Thus, the sys-
tem functions and tasks must be observed, and analyzed,
through the flter of human factors knowledge, if more
than superficial recommendations are to be made. There
were two good starting points for this endeavor:

1. Existing human factors theory and case studies
of inspection in manufacturing industry (Harris
and Chaney, 1969; Drury and Fox, 1975;
Drury, 1984).

Existing investigations of human capabilities in
aircraft inspection {e.g. Lock and Staurr, 1985).

Although general Task Analysis systems are widely avail-
able {e.g. Drury, etal., 1987), it is advantageous to use a
system directly relating to inspection. Much human
factors research in industrial inspection (quality contro)
has produced the following four major task steps for any
inspection job:

1. Present item to inspector.

2. Search for flaws (indications).

2. Dexide on rejectionfacceprance of each faw.
4. Take appropriate action.

Not all stepe are required for all inspections. Thus, some
processes require no search {(e.g. judgement of the color
maich for painted surfaces), while others require no
decision {e.g. noting the complete absence of a rivet head
onalap splice). In the aircraft inspection centext, a rather
longer Task Descrintion is required, ing the “Present
item to inspector” task to include both setup of task/
equipment, and access to the correct point on a large and
complex aircraft. Table 3.1 shows a seven-task generic
Task Description, with examples from each of the two
main types of inspections:  Visual Inspection (V) and
Non-Destructive Inspection. Visual Inspection isstill the
dominant mode, at least 90% of the total workload. ND1
includes eddy current, mumomc, X-ray and gamma-ray
mSpca'mns to render cracks visible, as well as ax.gmcnted
visual inspection, such as dye-penetration testing and
borescope use. Note thar in both cases the Task Dcscr;p—

tion unit is the workcard, or worksheet, and that the task
isscen as continuing until a repair iscompleted and passed
as aitworthy. The workcard is the unit of work assigned
to a particular inspector on one physical assignment, and
can have a work content varying from one 1o eight hours,
or perhapslonger. Typically, aworkeard is expected 1o be
completed by an inspector within a shift, although ar-
rangements can be made for continuation across shifts.
Because theworkcard was taken asthe unit of analysis, and
given that a workeard can contain many inspection items,
thecount of workcards observed during the Task Analysis
in fact indudes a grear quantity and variety of inspection
tasks. As an example, the C-check workcard for detailed
inspection of the empennage can indude checks for
broken or womn external parts (fricrion tabs), checks of
each of several hundred rivets for integrity, checks for
bumps, dents, buckling or other damage toskin, checks of
freedom of movement of flight surfaces (elevators, rudder,
time taps, servo tabs), checks of wear/play in activating
cables or bushings, and checks for cracks or corrosion in
internal structures.

From the Lock 2nd Strunt (1985) report had come some
deuailed Task Descriptions of one particular inspection
task (empennage inspection on B-707), and the Task
Description/Task Analysis methodology used here was
tested o ensure thar it would cover such descriptions.

The methodology employed was to perform site visits to
obtain detailed Task Descriptions. On 2 typical site visit,
interviews with system participants ac all levels helped to
collect dara on thestructure and functioning of the systern
(e.g. organization, training) as well as collecting data on
rareeventssuch assystem errors. Direct observationswere
performed by having human factors analystswork with an
inspector during completion of a workaard. They fol-
lowed the inspectoer, asking probe questions when neces-
sary, and taking photographs to illustraze points such as
lighting, field of view, access problems or appearance of
discovered defects.  Task Descriptions were then tran-
scribed onto standard working forms (Figure 3. 1), with 2
new page for each of the five steps in the genernic sk
analysis. At a later time, knowledge of human factors
models of inspection {c.g. Drury, 1984} and of the
funcioningof individual human subsystems {(Sindairand
Drury, 1579} was used to list subsystems required (A, S,
P,D,M, G, F, Pin Figure 3.1) and any porential human/
system mismatches under Observations in Figure 3.1, 10
compiete the Task Analysis.

In addition to this work, other NAARP activities were
undertaken, induding CAA/FAA hiaison, STPG Human
Factors in Aireraft Maintenance contributions, and deliv-
ery of papersat FAA/NAARY meetings (see Appendix A).
All contributed o system enderstanding,
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TASK DESCRIPTION VISUALEXAMPLE NDI EXAMPLE

1. Initiate Get workcard, read and understand area Get workcard and eddy current
1o be covered. equipment, calibrate.

2. Access Locate area on aircraft, get into correct Locate area on aircraft, position self
position. and eguipment.

3. Search Move eyes across area systematically. Move prebe over each rivet head.
Stop if any indication. Stop if any indication.

4. Decision Making Examine indication against remembered Re-probe while closely watching
standards, e.g. for dishing or corrosion. eddy current trace.

5. Respond Mark defect, write up repair sheet or if Mark defect, write up repair sheet,
ne defect, retum 1o search. or if no defect, return to search.

6. Repair Drill out and replace rivet. Drill out rivet, NDT on rivet hole,

drilt out for oversize rivet.
7. Buyback Inspect Visually inspect marked area. Visually inspect marked area,

Table 3.1 Generic Task Description of Incoming Inspection with examples from visual and
ND! inspection

3.4  RESULTS AND DISCUSSION

Thebasicsystem description hasalready been presented in
the Introduction, so that only examples of Task Analyses
will be given here. The total numbers of workcards for
which Task Analyses were performed are shown in Table
3.2, dassified by aircraft general area or zone.

No staristical sampling method was used to choose these
particular tasks, rather theaim was to schedule visits when
heavy inspection was taking place and follow oneor more
inspectors during the observation period. Interviewswith
inspectors helped to ensure that all aspects of inspection
were covered. The aircraft types involved were Boeing
727,737, and 747 types, and McDonnell Douglas DC-
9 and DC-10s. Some engine inspections were observed
where they contributed techniques of interest, eg.
borescope or X-ray film reading (Figure 3.7). With NDI
tasks, thearea of concentration was the strictly inspection
activities, e.g. film reading, while the extensive safery
procedures required to dear the area for film exposure
were not recorded. Again, theaim was to discover sources
of inspection error rather than aspects of system safery.

Figures 3.2and 3.3show the Task Analysis documents for
a VI and 2 NDI procedure, respectively. It would be
pointless to provide over thirty such analyses, as they are
the equivalent of raw data in an observational study such
as this. Rather, it was necessary to devise 2 methodology

for integrating the findings, particularly the observarions,
which would lead towards discovering human/systern
mismatches.

However, it became apparent that the observations listed
were those which occurred to the analysts during system
cbservation and subsequent analysis. Amorecomprehen-
sive way was required for detecting mismatches. It was
decided to use a schema for dassifying errors which was
injuially developed to aid the STPG process, and which has
been further developed 2s part of the second year of the
GSC/NAARP endeavor. This consisted of expanding
eachofthetask steps given in thegeneric Task Description
{Table 3.7) into its logically-necessary substeps, and for
cach substep 1o list all of the fallure modes, similar in
concept 1o those of Failure Modes and Effects Analysis
(FMEA), for example Hammer, 1985. Thecurrent listis
shown as Table 3.3.

This fist formed the basis for dassifying each observation
by how it could cause a failure of the inspection system.
‘Wharwas found, when thesewerecounted, was that many
of them involved factors which would tend to increase the
probability of errors, rather than strialy leading toan ervor
in a single step. Table 3.4 shows how these observations
were classified.
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3.4.1 Potential Human/System Mismatches

The most obvious way was to form a data base of all of
these observations, so that they could be counted and
listed in various ways. Such a data base was indeed
constructed using the REFLEX package, and is available
upon request.

Note the large numbers of postural and other (mainly
environmental) implications for Access, and the high
numbers of cognitive implications for Initiate, Search, and
Dexision. For Access, the implications mainly concern
the physical difficulties of reaching and viewing the in-
spection site. Inadequate work platforms, limited space
inside aircraft structures, the awkward required
to hold a mirror 2nd a flashlight for visual access, and the
often non-optimal levels of glare, temperature/humidity,

and ambient noise all contribute. For Initiate, the n.zjor
difficultiesarewith: the content and layoutof the workeards,
calibration standardsforthe NDI equipment, NDi equip-
ment human/machine interface inadequacies, and coor-
dination of inspection activities with other aspects of
maintenance. Search implications were largely visual (for
sensing) due to inadequate lighting at the workpoint, but
also included omissions of specific feedforward and direc-
tive informarion on the workcard, and lack of memory
aids for Search. For Decision, the major difficulties were
in obtaining and applying standards at the inspection
point for each defect found.

While it provides evidence for opportunities for error,
Table 3.4 naturally misses some of the ergonomic detail
required if Human Factors expertise is to contribute to
improved inspection. However, itdoesserve toemphasize

HUMAN SUBSYSTEM
TASK A S P D M C F Ps O
1. [INITIATE 1 4 39 12 34 0 12 0 6
2. ACCESS 0 11 4 0 3 0 0 32 27
3. SEARCH 10 45 47 36 31 3 1 8 1
4. DECISION 0 86 105 118 79 0 0 0 0
5. RESPOND 0 6 o 0 5 0 0 6 5
{6. REPAIR) —_ — — — — — — — —
7. BUY-BACK 0 0 P2 2 P 0 0 0 0

Table 3.4 Number of Instances of Human Factors Implications From Task Analysis
(Note: A single task stcp may generate more than one human factors implication.)

that not all errors lead to failure to detect a defect. Three
types of errors are possible in an inspection system (e.g.
Drury, 1984).

1. Typel emor: a non-defect is classified as a defect

and unnecessary repairs are thus undeztaken.

2. Type2 error: adefect is not recorded. so that
necessary repairs are not undertaker..
3. Delays: the inspection process is delayed or

interrupted, leading to longer inspection/repair
periods.

Although only Type 2 errors have a direct impact upon
airworthiness, the ether two errors can have an indirect
effect, both by frustrating the inspector, and by directing
resources away from the critical tasks. It needs to be
pointed out that Type2 errors can occur in multiple ways.
Indeed, 2 Type 2 error will only notoccurif all of the steps
in the Task Descriptions are carried out correctly. That is,
the correct initial actions must be undertaken, the correct
area accessed, the search must locate the indication, the
correctdecision that the indication is indeed adefeccmust
be made, the correct response of writing up and marking
thedefect must occur, repair must be carried out correctly,
and the buy-back decision must be correct. For Type 2
errors, the inspection/repair system is a parallel system,
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which naturally increases the probability of a Type 2 error.
If P?, through P2, represent the probabilities of correct
performance at each of the seven stages in the presence of
a defect, then the probability of Type 2 errors is:

7
g=1- Il Pz.'
i=1

For Type 1 errors and delays, error recovery is possible at
each step, so that the only way in which an error can be
made is if all steps are peifi.rmed incorrectly. Thus, the
probability of a type 1 etror delay is:

7
e= [l

i=1

(1-P4)

where P! is the probabilit; o€ correct performance of each
stepintheabsence of adefecr. Clearly, no matterhow rare
Type2 errors are, decreasing them further means improv-
ing the reliability of each step in the inspection process.

Against these three possible errors, the role of human
factors is to change the human/machine system so as to
reducetheerror incidence, that isto make thesystem more
reliable. Theseareonly two possibleinterventions: chang-
ing the system to fit the human inspector, or changing the
human inspector to fit the system. The former has long
been the province of ergenomicsthuman factors, with
interface design receiving a prominent place. The lazcer,
primarily selection, placement and training, hasalso been
2 concern of human factors engineers, but other disci-
plines (such as industrial psychelogy and educartional
psychology) have contributed. A more reasonable view
than the advocacy of either as an alternative is to consider
both as complementary aspects of achieving enhanced
human/system fit. This fit is necessary both to ensure
performance and to reduce the stresses on the human due
to mismatches (Drury, 1989). Human stresses can, in
turn,effecthuman performanceininspection tasks (Drury,
1986). ‘Thus, the goal of the human factors effort in
NAARP can be restated as choosing the optimum inter-
vention strategy (changing the system or the human) 1o
minimize human/system mismatches at each task step, so
that the incidence of error is reduced.

3.42 Choice of Intervention Strategies

A major review of the field of human factors in inspection
(Drury, 1990b) condudes that the practical potential for
improvement due to selection and placement of inspec-
tors is low, but that training and system redesign are
particularly effective. With this in mind, Table 3.5 was
produced part way through the current project, showing

potential interaction strategies for improving inspection
performance. Ascan beseen, only the first five steps of the
inspection task are included, and potential improvements
rather than specific prescriptions are given. There is,
however, enough detail to compile lists of human factors
interactions which can proceed rapidly based on existing
human factors knowledge, and those interactionstraregies
which require more research before detailed prescriptive
advice can be given. It should be noted that even in the
absence of direct human factors advice, many system
improvemenis have been, and will continue to be, imple-
mented by inspection organizations. Improvement is a
continuous process in an industry with a long record of
innovation, so that it should not be surprising thar there
are few improvements which can beimplemented with no
addirional effort. For example, there is an urgent need
(recognized both in this study and the (Lock and Strutt
study) for improved portable task lighting. However,
without at least a short study, it will not be possible to give
the make and model number of the best flashlight cur-
rently on the market. Some interventions can be imme-
diate, for example replacing workcards which are entirely
written in capital letters with ones using both upper case
and lower case fonts. Still other interventions require
major studics, for example designing an integrated infor-
mation environment for the inspector.

Key areas requiring intervention are those listed in Section
3.4.1and in Table 3.5. It is possible 1o use the human
factors knowledge of inspection processes to help generate
and dassify interventions. For example, Drury, Prabhu
and Gramopadhye (1990} used earlier knowledge of
search and decision-making (Drury, 1984) to list the
foillowing interventions aimed at system (rather than
human) changes:

1. Increasing visual lobe size in search-lighting,
contrast, target enhancement, optical aids, false
colors on video.

2. hnprovingsearchstrategy-briefing/feed forward,
aids to encourage systematic search.

3. Enhancing fault discriminability-standards at the
workplace, rapid feedback.

4. Maintaining correct criterion-recognition of pres-
sures on inspection decisions, organization sup-
port system, feedback.

The list can be extended to include redesign of the system
for better access and improved inspectability (Drury,
1990c).
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STRATEGY
TASK STEP CHANGING INSPECTOR CHANGING SYSTEM
Initiate - Training in NDI calibration - Eecli_gsi%p of j?l& lg?rfjeéuip .
rocedures trainin - Calibration o men
¢ 9 - Feediorward of expected flaws
- Training in area location - Better support stands
Arcess {knowledge and recognition training) - Better area location system
- Location for NDi equipment
- Training in visual search - Task lighting
Search (cueing, progressive-part) - Optical aids
- Improved NDI templates
acic) - Decision training {cuein - Standards at the work poing
Decision feadback, unde?s{anding of - Pattern recognition job aids
standards) - Improved feedback to inspection
; - Training writing skills - Improved fault markin
Action s 9 - Hands-free fault recording
Table 3.5 Poteniial Stratagies for Improving Inspection
343  Short-Term Interveritions

From all of these’ ways of generating and classifying
interventions, the jollowing can be listed as short-term
interventions 1o overcome stated mismatches. Note that
the two major issues of the information environment and
training design are given more complete treatments later,
taken from (Drury 1990a) and Drury and Gramopadhye
(1990), respectively.

3.4.3.1 Icitate

3.4.3.1.1 Design of Worksheess

Even within this relatively homogeneous samiple of major
aircarriers, therewas considerable variability in Workcards,
or job Cards. Many were now computer-printed, reduc-
ing earlier problems of copy legibility, but some were
generated by computes systems lacking graphics capabili-
ties. For these, the graphics necessary for location and
inspection were attached from other sources, often with
imperfect matching of nomenclature for parts and defecss
between workeard and secondary source material. These
additional cards were often from microfiche, which has
poor copy quality and a shiny surface, making reading on
the jobdifficult. Other cards were all in capitals, a known
violztion of human factors principles. Still others did not
call out particular faults using the latest informatien on

that aircraft type. There were differences in level and
depth between different workcard systems, and none
aniemnpied 1o provide layered information, so thar those
familiar with a particular inspection could use more of a
checklist, while back-up information would be available
to those who had not performed that particular inspection
recently. Some systems did, however, have an integrated
“Inspector’sClipboard” which had a place fortheworkcard,
Non-Routine Repair cards and cther necessary paper-
work, ina package convenient for carrying at the worksite.

Short-term interventions for workcards thus indude:

1. Changing the format and font to improve case
of use and legibiliry.

2. Ensuring that visual material is incorporated
into the workcard.

3.  Consistent naming of parts, directions, defects,
and indications between all documents used
by inspectors.

4. Muli-evel workcard systems, usable by inspec-
tors with different levels of immediate familiaz-
ity with the workshect content.

5. A better physical integration between the
workeard and the inspector’s other documents
and rools needed ar the worksite.
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3.4.3.1.2 NDi Equipment Calibration

The calibration procedures used for NDI equipment
involve a human/machine interface on the equipment,
one or more calibration standards, and a knowledgeable
inspector. Potential mismatches were seen in all three
areas. The following are recommended in theshort term:

1. Beter labdling and control of all calibration stan-
dards, as is common in manufacturing industry.
An inspector must know which standard is being
used and be assured that the standard is still valid.
Proceduresare available for standards control: most
{but not all) inspecticn systems in the sampls ap-
peared to follow them.

2.  Improved human/NDI instrument interface de-
signs standard texts on human factors (e.g. Salvendy,
1987) have considerable informarion on interface
design to reduceerror: this information needs to be
used. As NDI equipment incorporates more com-
puter functions, the data on human-compurer in-
teracrion (e.g. Helander, 1988) becomes crucial to
design. Any design improvements in the hurman
interface will also benefit the Search and Decision
tasks.

3.  Design the NDI interface for multiple levels of
inspector familiarity. In many organizations, NDI
is not a full-time job, so that many inspectors have
considerable time periods between repetitions of 2
particular NDI procedure. They obviously require
adifferent level of guidance from the interface than
inspectors who perform the same calibration each
day. Mulriple levels of user need to be considered,
as at present there is 2 marked tendency for the
inspector to rely on knowledge of other inspectors
1o perform the calibration.

3.4.3.2 Access
3.4.3.2.1 Provide better support stands

Custom-madestands for each area of each aircrafi type are
expensive and difficult to store when not in use, but they
do provide a security for the inspector, and optimum
accessibility for each rask. In large facilities dedicated toa
homogeneous fleet, such stands are almost always pro-
vided, but there areexceptions. Cherrypickers are used for
some surfaces, despite their control difficulties (poor
control/display relationships) and their unsteady working
platforms. Scaffolding and stairs are used (attimes) which
would not be allowed by safety departments in most
manufacturing industries. Without adequate support

stands, access is jeopardized and pressurcs are placed on
the inspecior to minimize thetime spent inspecting. Both
can directly cause inspection errors. For each worksheet,
there should be an optimally-designed support stand
specified and available.

3.4.3.2.2 Better area location system

Much time is wasted, and occasionally errors are caused,
because the inspector cannot pasitively locate parts of the
area 10 be inspected. Some task cards have no diagrams,
and rely onwritten instructions: othershave diagramsthat
can mislead the inspectorwhen searching forthe areatobe
inspected. Theinspector needs dlear instructions to reach
the area, and clear confirmation that the correct area has
indeed been reached. Thesecan be provided simply in the
worksheets, but for aircraft which are always precisely
located in the maintenance hangar, more elaborate elec-
tronic or optical location systems are possible.

3.4.3.2.3 Better locations for NDI equipment

When the inspector needs to use NDI equipment, there
is often no convenient place to put the equipment during
the inspection process. The inspector must frequently
place the equipment (with its associated display) out of
convenient sight lines. This makes it particularly difficult
to perform the inspection and simultancously read the
display: errors are 1¢ be expected in such situarions.
Design of stands (Section 3.4.3.2. 1 above' should include
provision for location of NDI equipment as part of the
workstand.

3.4.3.3 Search

3.4.3.3.1 Improved lighting

The factors affecting the conspicuity of a defect are defect
size, defect/background contrast, and lighting intensiry.
"The latter two are functions of the lighting and can be
improved without changing the aireraft design. Defect/
background contrast is a function of the angles between
the inspector’s eye, the defect, and any light sources. In
general, an adequate level of illumination needs to be
provided ar the inspection point, with levels of 500-1000
lux being typically recommended. However, thedistribu-
tion of the light is at least as important as its intensity. For
example, glare drastically reduces visual performance, and
can be caused by any objects or areas in the visual ficld
higher in luminance than the area immediately surround-
ing the defect. Thus, open hangar doors, roof lights, or
even reflections off the worksheet can cause glare. Of
particular concern is that in inspecting partiaily-hidden
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areas (e.g. inside door panels), the lighting used to illumi-
natethedefect may cause glare from surrounding surfaces.
Carefully designed combinations of general area lighting,
portablearea task lighting, and localized spotlighting need
to be produced. At least as an interim measure, the
flashlights used by inspectors need to be standardized
within an organization, and training is nesded in how to

use the flashlight correcty.
3.4.3.3.2 Optical enhancement

Any device which increases the conspicuity of the defect
can be classified as an optical enhancement. Thus, dye
penetrant and magnetic particular inspection techniques
fall under this heading. However, it is now passible to use
the control inherent in video cameras and monitors to
enhance luminance contrast, and to optimize color con-
trast. With a compurter between the camera and the
monitor, it should be routinely possible in the future touse
false colors in the image presented to the inspector to
increase defect conspicuity. Borescopes with video moni-
tors are currendy avaifable 10 begin this process, but
research will be needed to optimize such systetns for defect

detection.

3.4.3.3.3 Improved NDI templates

With NDI techniques such as Eddy Current or Ultrason-
ics inspection, location of a probe on the inspected surface
is critical. At present, some use is made of whar would be
termed jigs or fixtures in manufacturing industry to aid
thisaccurate positioning process. An example is the use of
circular hole templates to gu’de the Eddy Current probe
ground, the heads cf rivets in lap splice inspection. With
such a device, the need for the inspector to perform an
accurate control task ar the same time as attending to the
display is removed, with an attendant reduction in the
opportunity for error. Note that the template should not
require a second hand to keep it in place, as the inspector
may not be able to maintain balance or reset the equip-
ment if both hands are occupied.

3.4.3.4 Decision

3.4.3.4.1 Standards at the work point

It has been known for many years that if comparison
standards are available at the work point, more accurate
inspection will result. Yetin many cases such standardsare
not available to the aircraft inspector. If the maximum
allowable depth of 2 wear mark is given as 0.010 inches,
there is neither a convenient way to measure this, nor a

readily available standard for comparison. Other ex-

amples are play in bearings and cable runs, areas of
corrosion, or looseness of nvets. All are considered to be
“judgement calls” by the inspector, but simpic job aids,
perhaps as part of the worksheet, or standard inspection
tocls, would remove a source of uncertainty. Leaving
standards to unaided human memory may beexpeditious,
but it is also unreliable.

3.4.3.4.2 Pattern-recognition job aids

Wherever a complex pattern must be recognized by the
inspector, such as in the appearance of corrosion on a
painted surface, or the shape of an escilloscope trace in
ND/, it is possible to provide job aids which will increase
the inspector’s ability to discriminate a true defect from
visual noise. For visual inspection, these job aids can be
simplyan extensionof Sectzor 3.4.3.4. standardsat the
work point. Visually-presented standards were found to
bevery effective in the notoriously difficult task of judging
solder joints in electronic assembly (Chaney and Tecl,
1969). For NDI equipment, some pattern-recognition
capability is now being incorporated into the software, but
more can be done. More flexibility is required, the
interface with the user should be improved, and the
allocation of final decision between human and machine

should be made more fexible,
3.4.3.5 Respend

3.4.3.5.1 Improved defect indicating system

Even as simple a task as marking the aircraft to show the
point of repair needs to be improved. Methods observed
have included “chinagraph™ pencils in various colors, soft
pens, and stick-on paper tags. Marking systems can be
difficult o remove completely when the repair is com-
pleted, leading to unsightly marks which can impair the
confidence of the travelling public. Tags can also be left
on the aircraft, orleave behind a residue which impairs the
finish. Onesitehad moved to a marker system so pale that
it was difficult for the repair personnel to see. The
requirements for 2 marking system are relatively simple to
write: awhollysatisfactory system now needs tobedevised
to meet these requirements so that an error-free commu-
nication from the inspector to the repair personnel can
result.

3.4.3.5.2 Hands-free defect recording

When the inspector discovers a defect, both hands are
typically occupied, and the Non-routine repairs (NRR)
forms may not be close enough to use. The inspector will
often “remember” one or more defects until there is 2
convenient time to record them. This is a potentially
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error-prone procedure. Not all of the data on the NRR
form needs to be recorded at this time {e.g. inspector and
aircraft identifications, date), but some temporary infor-
mation storage is required 1o 2id human memory. Some
inspectors do record each detect as it is found, accepting
the inconvenience of leaving and re-accessing the inspec-
tion point as a necessary step. However, there s no
guarantee that search will resume at the correct point
following recording. Others use miniature tape recorders
to provide a voice-input information storage. The re-
corder (e.g. dictation machine) is often taped to the
flashlight, or dipped to theinspector'sclothing. Tapesare
transcribed later onto NRR forms. Although errors of
transcription are possible, thesystem appears to work well.
Improvements would be voice-actuated recorders built
into headsets for truehands-free recording, and training in
astandardized procedure for what to record. A review of
all such systems is needed to determine how best to meet
operational requirements.

3.43.5.3 Prevention of “seral respending”

In some systems, the inspectors will record a minimum of
information at the inspection site (sec Section 3.4.3.5.2
above}, and complete the dara recording as part of the
“paperwoils” at a later time. This may involve filling in all
of the“constant” parts of the NRR forms (e.g. aircraft ID),
and signing/stamping each task step on the worksheet.
There is a tendency to wait until all paperwork is com-
pleted before signing/stamping the whole sequence of
tasks. Such “serial responding” can lead to inadvertent
signing-off on a rask step which was nor, in fact, com-
pleted. Whilesuch errors are presumably rare, the written
record is the only permanent recording of inspection/
repair information, and is relied upon by regulatory
bodies. ‘There are Quality Assurance checks of the paper
= zd against the condition of the aircraft, butonly ona
sampling basis, and only if the indication is visible, i.e. a
repair or very obvious defect. While it is difficult to
provide a perfect procedure to prevent “serial response” it
should be noted as a possible error mode and improved
systerns investigated.

3.4.3.6 Repair

(Repair was not considered as part of this study.)

3.4.3.7 Bay-Back Inspection

3.4.3.7.1 Integrated inspect/repair/buy-back
system

Final disposition of a defect depends critically upon the
communication between the original inspector, the re-
pairing technician(s), and the buy-back inspector. In
most current systems it is entirely possible for different
inspectors to be involved in the initial inspection, in
consultation at critical points in repair, and in final buy-
back. The only communications berween these inspec-
tors are those between the initial inspector and the repair
technician, ie., the NRR form and any markings on the
aircraft. Because of this, there are opportunities for error
at cach interaction in the process. Hence, these two forms
of communication need to be highly error-resistant, or
lines of verbal communication between the participants
need to be opened. In other countries’ systems, c.g.
United Kingdom, one inspector remains with the repair
team throughout all stages, thus reducing these problems.
However, ihe potential for multiple independent assess-
ment is lost with such a system. The solution te this
integration problem is not simple, but many steps 10
improve participant communication can be taken. Ex-
amples are communication training, standard practices
forwritingand marking, and even theuse of voice orvideo
to supplement written communications.

3.4.4 Long-Term Interventions

While many of the short-term interventions listed in
Section 3.4.2 have some long-term implications, four
major areas are recommended for more detailed study:

3.4.4.1 Error Control

Inorderto control errorsin theaircraft inspection process,
it is necessary to be able to define these errors accurately
and unambiguously. With properly defined errors, they
can be identified, recorded, collected and analyzed, as the
first step zowards control. Systems safety emphasizes such
error identification and control for all complex systems,
including civil aircraft. There is a need 1o apply the same
techniques to the human/machine system of aviation
inspection, the necessary first step in any program of
maintenance to ensure safety of the travelling public.

A first step has been taken towards a classification system
for inspection (and to a lesser extent, repair) errors in the
error taxonomy presented hereas Table 3.3. Foreachsub-
task, the logically-possible errorsare listed to form an error
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taxonomy. Each error is unique, but the same effects may
be caused by several different errors. Thus, a fault may be
missed because of failure to calibrate equipment, failureto
reach the correct inspection point, failuie to examine the
area and so on. This concept needs to be refined and
expanded if it is to form the basis for an error control
system. Forexample,in Tabdl 3.3, Visual Inspection (V1)
and Non-Destructive Inspection (NDI) are covered by
the same task and error tzxonomy. This has meant
expanding some of the concepts, such as the visual lobe in
VI, 1o cover other NDI situations. In this way, separare
error taxonomies are not required for VI and NDJ,
although in practice it may be easier to produce separate
but related taxonomies, and merge the data from each ar
the analysis stage.

A second expansion isalso needed. Errorsin Table 3. 3are
classified by their immediate causes {e.g. “1 6 1 Correct
Equipment not available™). However, this does not lead
o more distant causes. Why was correct equipment not
available? Was it poor schieduling or was the equipment
being repaired? For more obviously human funcrions,
such as “1.5 Inspector undesstands instructions”, the
failure rnodes (errors) need further classification as to why
instructions were not understood, misinterpreted, or not
acted upon. Were che instructions illegible, was the
iluminaiion poor, was confusing language used, erc.? A
matrix rather than the long list of Table 3.3 is eventually
required if we are 1o proceed from the necessary first step
of counting errors to the vltimate goal of selecting inter-
ventions te control or eliminate these errors.

3.4.4.2 Integraied Information Environment

While many of the interventions listed under Section
3.4.3were concerned with aspects of the information flow
between theinspector and the rest of the inspection/repair

system, there is an urgent need to devise information
systems which are integrated rather than piecemeal. This
section, based on Drury (1990a), is aimed at integration.
A unified view of the inspection process as a closed-loop
control system will be used to intreduce some of the
relevant inspection/information literature, and todemen-
strate inspection needs at each step in the inspection task.

Anysystem involving ahuman istypically dosed loop (e.g.
Sheridun and Ferrell, 1977). Obvious examples are in
flying an aircraft or driving a car, but the concept applies
equally to inspection tasks. As shown in Figure 3.4, the
human in the task receives some instruction, or command
input to use systems terminology. The operator and any
associated machinery transform this command input into
a system output. To ensure stable performance, the
system output is fed back to the input side of the system,
where it is compared against the command input. Ifthere
is any difference (command minus output) the system
responds to reduce this difference to zero. A closed-loop
model of the inspector (Figure 3.4) can be applied 1o the
generictask description of inspection ( Table 3. ) tolocate
and evaluate the sources of inpiit {command) and output
(feedback) informartion.

3.4.4.2.1 Ioformaticn in Inspecticn

VWhile it is not obvious from Figure 3.4, the command
input may be complex, and include both what needs 1o be
accomplished and help in the accomplishment; i.e. direc-
tiveand feedforward information. Forexample,aworkeard
may contain “detailed inspection of upper lap joint” ina
specified area (directive) and “check particularly for coirro-
sion between stations 2800 and 2840 (feedforward).
Thus, there are really three potential parts to the informa-
tion environment: directive information, feedforward
information and feedback information. All areknownto

COMMAND

..............................................

SYSTEM: B
HUMAN + MACHINE &3

cuTPUT

FEEDBACK

Figure 3.4 Closed-Loop Control

81



Chapter Three

have a large effect on manufacturing inspection perfor-
mance.

Directive Information involves the presentation of infor-
mation in a form suitable for the human, the basis of good
human factors. An example from inspection is the work
of Chaney and Teel (1967) who used simplified machin-
ery drawings as an aid to inspectors. These drawings, of
machined metal pans, were optimized for inspection
rather than manufacture, with dimensions and tolerances
in the correct placement and format, and witn similar
characreristics grouped together to encourage systematic
inspection. Compared toacontrol greupwith theoriginal
drawings, inspectors using the optimized drawings found
42% more true errors in a test-batch.

Feedforward Information can consist of two pants: teiling
the inspector what defects are expected and providing the
probability of the defects. Becausc there are typically 2
large number of perential defects, any informarion made
availabletothe inspectoris valuablein focussing the search
subtask in particular. Many investigater (e.g, Gallwey
and Drury, 1985) have found that looking for morethan
one type of defect simultaneously can degrade detection
performance, so that focussing on likely defects can be
expected to result in more detections. Drury and Sheehan
(1969) gave feedforward information on fault type to six
inspectors of steel hooks. Missed defects were reduced
from 17% 1o 7.5%, while false alarms were simulta-
neously reduced from 5.5% to 1.5%. Information to the
inspectors on the probabilities of adefect being present has
not led to such clear-cut results (e.g. Embrey, 1975), and
indeed a recent experiment (McKernan, 1989) showed
thar probability information was only useful ro inspectors
for the most difficult-to-detect defects.

Feedback Information has had consistent positive results
in all fields of human performance (e.g. Smith and Smith,
1987), provided it is given in a rimely and appropriate
manner. Wiener {1975) hasreviewed feedback in training
for inspection and vigilance, and found it universally
beneficial. Ourside of the training context, feedback of
results has had a powerful effect on the inspector’s ability
to detect defects. Embry’s laboratory studies (1975)
showed a large effect, but so did Gillies {1975} in a stedy
in the glass industry where missed defects were reduced
20% when feedback was implemented. Drury and
Addison (1973), another glass industry study lasting
almost a year showed a reduction in missed defects from
15% to 8.8% after rapid feedback was intreduced. More
recently, Micalizzi and Goldberg (1989) have shown that
feedback improved thediscriminability of defects in atask
requiring judgment of defect severity.

With the background of the effectiveness in manipudating
the information environment, cach task in inspection will
be considered in turn.

Task 1: Initiaze Here, the command information
predominates. The workcard gives the location type of
inspection to be performed, and a1 times also feedforward
information of use in the Search and Decision phases.
Typically, however, this information is embedded in a
mass of other necessary, bur not immediately useful,
information. Often the information contains attached
pages, for example with diagrams of parts to be inspected.
While laser printers making a new copy for each workcard
have helped diagram quality, inspectors still find some
difficulties in interpreting this information. Supplemnen-
tal {feedforward) information is available in manufactur-
¢ismanuals, FAA communications, and company memos/
messagss, but these sources are typically not used at
inspestion time. Thiscan placeaburden on theinspector’s
memory, suggesting an integrated system is appropriate.

Feedback from the initiate task is obvious in many cases
because it comes from Task 2 - Access. An exception is
feedback for NDI calibration, which must be provided
during the calibraticn process or therewill be no assurance

that Search and Decision can be performed correctly.

Task 2: Acecess In order to access an area of an aircraft the
area must first be opened and dleaned, neitherof which are
under the control of the inspector. Thus, scheduling
information required for access is the assurance that the
area is ready to inspect. 'Work scheduling systems typically
assure this, but wrong information does get to the inspec-
tor at rimes, giving rime loss and frustration. Irisat Access
that confusions in location from Task 1 should become
apparent. Improved information systems for locating an
area on ar aircraft unequivocally are needed, and need to
beintegrated with cther information system components.

It should be noted that feedback on 2ecess can be given in
anysysiem by incorporating unique landmarksso that the
inspector can be assured that the correct area has been

seached.

Task 3: Search. Itisin the tasks of Search and Decision-
making that information has the largest potertial impact.
In visual scarch the inspector must closely examine each
area for alist of potential faults. Which areas are searched
it a matter of prior information——either from training,
experience or the workcard. The relative effort expended
in each area is similarly a matter of both directive and
feedforward information. If the area of main effort is
reduced. the inspector will be able to give more thorough
coverage in thetimeavailable. An information system can
be used to overcome the prior biases of training and
experience, if indeed these blas~: need to be overridden in
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a particular instance. The fault list which the inspector
uses to define the targets of search comes from the same
three sources. This fault list must be realistic, and consis-
tent. In many industrial inspection tasks, developing a
cansisteat {jse dnd definition of fuly names to be used by
all involved is a major contzibution to improving inspec-
tion performance (e.g. Drury and Sinclair, 1983). Faults
often go by different names 10 inspection personnel,
manufacturers, and writers of wotksheets, causing mis-
directed search anid subsequent errors in decision and
responding. Probabilitics of thedifferent targets ordefects
are rarely presented. Again, system integration can help.

Feedback of search success only comes from Task 4 -
Decision Making, and only then if an indication was
found. Ifthe indication was missed, then feedback awaits
the next inspection or audit of that area, presumably
before the fault affects safe operation. Note that if an
indication is found, feedback is immediare, but if missed,
feedback is much delayed. Delayed feedback is often no
better than no feedback.

Task 4: Decision Making. The information required to
make a correct decision on an indication is in the form of
astandard against which to compare the indication. Such
standards at the working point can be extremely effective,
for example McKennel (1958) found that they reduced
the average error of 2 trained i or to 64% of its
magnitude without such standards, The need for these
comparison standards has been noted earlier (Section
3 434 D), burtherecommendationhereistoincorporate
such a standard within a unified system.

Feedback vo the inspector in the Decision Making task is
not rapid or obvious. Ifan inspector marks a defect (and
writes it up), it will be repaired and go to a buy-back
inspection, Currently (Section 3.4.3.5.3), because of
scheduling constraints and shiftwork, it will rarely be the
same inspector who gets 10 re-inspect that repair. Thus,
an opportusity for feadback is being missad, I additian,
some repairs will destroy the defect without confirming it,
e.g. drilling an oversize hok: to take a larger rivet when
Eddy Cunrent inspection has indicared asmall crack in the
skin by that rivet.

Task 5: Response. The physical response made by the
inspector represents the output information from the
inspector to the system. It is as much a part of the
information environment as input and feedback. As
noted earlier (Sertion 3.4.3.5.2), recording currently places
a memory load on the inspector, or . 1eans thar interrup-
tions oocur in the inspection job. Other interruptions
come from scheduling {(¢.g. an extra inspector is required
on another job), from unscheduled events such as more
deaning being required before an inspector can complete
aworkcard, and from maintenance operators interrupting

the inspector to buy-back any repairs which have been

compieted.

Feedback as a result 0fthe nsz is rare. Only a small
sample of work is audited, and any feedback from this is
typically negative rather than positive. If 2 defect is
reported, then feedback to the inspector who reported it
can bearranged. However if theinspector does not report
the defect (either search failure or a wrong decision) only
an audit or subsequent inspection will give feedback.

For many defect types, a defect may only be an indication,
not required to be reported, and hence not reported.
Unfortunarely, the fact that the inspector found it js then
lost forever, as the chance of the same inspector being
assigned to the same part of the same aircraft on subse-
quent checks is small. Capture of some of these indica-
tions may be a way to provide more detailed feedforward
for subsequent inspections and once more, an integrated
system will be required.

Task 6: Repair. From the inspector’s point of view,
information is flowing outward ar this task, re. to the
repair technician. Potendal difficulties of the recording
and marking system for other participants have already
been noted (Section 3.4.3.7.1).

Task 7: Buy-Back. Both command and feedforward
information to the buy-back inspector come from the
NRR form 2nd any markings in the aircraft. Feedback ro
thebuy-back inspector is, like that to the original inspector
in Task 5 only, from audit or subsequent inspection.

Irs all of the above tasks, information needs can be seen,
and be seen 1o be met less than perfealy by current
systems. Although Section 3.4.3 provides suggestions for
specific improvements, the opportunity needs to be taken
to devise more integrated solutions. The coming of
powerful, but portable, computers with networking capa-
bilities, can aid this systems integration. Aiready prototype
systems exist for aiding fault diagnosis in aircraft systems
(Johnson, 1990), so that the practicality of aiding the
airframe inspector is real. The challenge is to understand
what information needstobe given, and captured, bysuch
asystem, and to understand how information technology
can be applied o fault detection rather than fault diagno-

S1s.

Research is needed to provide more detzi! ofhow much of
each type of information (command, feedforward, feed-

back} needs to be provided for optimum inspection

performance in each task step. In parallel, the technology
of information capture, interface design and hardware
functioning needs more research to make it applicable to
the specific needs of aircraft inspection.
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3.4.4.3 Training Design and Implementation

An obvious intervention in improving inspection perfor-
mance is to call for improvements in training. As will be
shown, training has 2 powerful effect on inspection perfor-
mance, even when applied to experienced personnel.
Also, a basic Task Description of inspection, the first step
in any training scheme design, is available (7able 3.1).
From this task description, it is seen that both manual/
procedural tasks (Initiate, Access, Respond) and cognitive
tasks (Search, Decision) are represented. While training
for procedural tasks is relatively straightforward (e.g.
Johnson, 1981), most of the opportunities for error occur
in the cognitive aspects of inspection (Drury, 1984).

The current state of aircraft inspection training is that
much emphasis is placed on both procedural aspects of the
task (e, how to set up for an X-ray inspection of an
aileron), and on diagnosis of the causes of problems from
symptoms {e.g. trouble shooting an elevator control cir-
cuit). However, theinspectors we have studied in ourtask
analysis work have been less well-trained in the cognitive
aspects of visual inspection itself. How do you search an
array of rivets—by columns, by rows, by blocks? How do
you judge whether corrosion is severe enough to be
reported?

Most inspectors receive their training in these cognitive
aspects on the job, by working with an experienced
inspector. This is highly realistic, but uncontrolled.
Experiencein training inspectors in manufacturing indus-
ty (Kleiner, 1983) has shown that a more controlled
waining environment produces better inspectors. Iftrain-
ing is entirely on-the-job, then two of the main determi-
nants of the training program, what the trainee sees and
what feedback is given, area matter of chance, i.e. of which
particular defects are present in the particular aircraft
inspected. Thereisalargedifference between training and
practice. Figure 3.5 (Parker and Perry, 1982) shows how
the effective discriminability of a target changed between
two periods of practice, compared with pericdsbeforeand
after training. There was a highly significant improve-
ment with training but not with practice. The challenge
is to apply what is known about human learning of
cognitive tasks so as to maximize the effectiveness of
training for the aviation inspector.

A basic principle of training is to determine whether the
activity is indeeq trainable. Studies of visual search
(Parkes, 1967; Bloomfield, 1975) have shown that both

and accuracy improve with controlled practice.
Embrey (1979) has shown that for decision-making,
discriminability can be trained. Thus, both cognitive
factors (Search, Decision) can be trained.

Discriminability

4 Training

[ Practice
3 N
2 S
1 —
0 . "

Trial Number

Figure 3.5 Training Versus Practice
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The principles on which training should be based are
relativelywell known, and can be summarized {Goldstein,

1974):
1.

2,

&

7.

8.
9.

Develop and maintain attention, i.e. focus the
trainee.

Present =xpected outcomes, i.e. present objec-
tives.

Stimulate recall of prerequisites, i.e. get ready to
leamn.

Present underying stimuli, i.e. form prototype
parterns.

Guide the trainee, ie. build up skills progres-
sively.

Give knowledge of results, i.e. rapid feedback.
Appraise performance, Le. test against objec-
tives.

Aim for transfer, i.e. help trainse generalize.
Aim for retention, i.e. provide regular practice
after rraining,

Control is important, e.g. 4, 5 and 6 above all require the
trainee to receive a carefully-tailored experience to obtain
maximum benefit. Some particular ways in which these

Cueing. It is often necessary to cue the trainee as to
what 1o perceive. When 2 novice first tries 1o find
defective vanes in an engine, the indications are not
obvious. Thetrainee must knowwhat tolook forin
each X-ray. Many organizations have files of X-ray
film with known indications for just this purpose.
Spexific techniques within cueing include match-
to-sample and delayed-match-to-sample.

Feedback. The trzinee needs rapid, accurate feed-
backin orderto correctly dlassify a defect or roknow
whether a search pattern was effective. However,
when training is completed, feedback is rare. The
training program should start with rapid, frequent
feedback, and gradually delay this until the “work-
ing” leve! is reached. More feedback beyond the
end of the training program will help o keep the
inspector calibrated (e.g. Drury, 1990a).

principles have been applied are:
S Training
30 rDPractice
25 || Search
20 B T E
15 EEE
Y ] . . BTN
0 &\\\\\§. " ‘Ix\\\ S
ive Passive
Trial Condition

Figure 3.6 Training Condition
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Active Training. In order to keep the trainee
involved and aid in internalizing the material, an
active approach is preferred (Belbin and Downs,
1964). In this method, the trainee makes an active
response after each new piece of material is present,
e.g. naming a fault, waiting a discrepancy card.
Czaja and Drury (1981) showed that an active
training program was much more effective than the
equipment passive program (Figure 3.6) fora com-
plex inspection task.

Progressive Part. A standard methodology in
industrial skills training (e.g. Salvendy and Seymour,
1973) is to teach parts of the job to criterion, and
then successively larger sequences of parts. Thus, if
four task elements were E , E., E, and E, wewould
have

* Train E , E,, E;E_ separately to criterion.

* Train E, and E,, E; and E, to criterion.

* Train E and E, and E,;, E, and E, and E, to criterion.
* Train whole task E and E, and E, and E, w0

criterion.

This technique enabies the trainee 1o understand
task elements separately and also the links between
them which represent a higher level of skill. Czaja
and Drury (1981) and Kleiner (1983) used pro-
gressive part training very effectively.

Develop Schema. The rrainee must eventually be
able 1o gencralize the training experience to new
situations. For example, to train for every possible
site and extent of corrosion is clearly impossible, so
that the trainee must be able to detect and dassify
corrosion wherever it occurs, Here, the trainee will
havedeveloped a “schema” for corrosion which will
allow the correct response to be made in novel
situations which are recognizable instances of the
schema. The key to development of schema is to
expese the trainee to controlled variability in train-
ing (e.g. Klziner and Caralano, 1983).

Not all of these techniques are appropriate to all aspects of
training aircraft inspectors, but there are some industrial
examples of theiruse, which canlead o recommendations

for aircraft inspection training.

3.4.4.3.1 Examplesof Inspection Training in Manufac-
turing

Table 3.6, modified from Czajaand Drury (1981), shows
the results achieved by industrial users of the training
principles given above. In each case, the inspectors were
experienced, but the results from new training programs
were dramatic. To provide a flavor of one of these
successful programs, the final one by Kleiner and Drury
will be illustrated. The company-manufactured precision
roller bearings for aircraft, and the training scheme was
aimed at improving the performance of the inspection
function for the rollers. All inspectors were experienced,
from 2 to 14 years, but measurements of performance
(Drury and Sinclair, 1983) showed much room for
improvement. Based on a detailed Task Analysis, a two-
day training program was devcloped. Inspectors were
taught using a task card-based system. Each card had a
color-coded task section.

* Naming of defects (flaws)

* Naming of parts (surfaces)

* Handling methods (handling)

* Visual search (search)

¢ Decision making (standards, decision making)

* Process interface.
For each section, there were a progressive set of cards with
information, possible physical examples or test proce-
dures, and a sequence indication. Each card required an
active response.

This training program was evaluated in two ways. Finst,
two new recruits were able to achieve perfect scores on the
test batch at the completion of the program. Second, the
quality of feedback from inspection to manufacturing
increased so much that scrap was halved berween the six
months before the training and the six months after. The
whole program was replicated for the innerand outer races
of the bearings, entirely by company personnel using the
roller training program as an example.

Such a training program in the cognitive skills undedying
faultdetection is needed foraircraft inspectors. Druryand
Grzmopadhye (1990) show how it can be applied to one
aircraft inspeciion task, but a more complete design is
needed if an impact isto bemade. Itisrecommended that,
in addition 1o the training in fault diagnosis in avionics
systems being undertaken by Johnson (1990), more effort
be made to use the task analysis data already collected 1o
deviseimproved training programs for airframe inspectors
using the above principles. The training programs for tne
cognitive and manual skills of fault decection then need to
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be evaluated 1o demanstrate their effectiveness, as was
done for the studies in Table 6. From these demonstra-
tions, a standard methodology needs to be developad so
that aircraft repair sites can apply the same prmmples ona
routine basis to all existing and new inspection tasks.

3.4.4.4 Selection/Placement Procedures

Throughout manufacturing industry, 2 major emphasis
has traditionally been placed by management on finding
the right person for the right job. Aircraft inspection
20 be no exception. If there are individual
differences in performance, then it appears reasonable to
select initially those applicants who have a higher prob-
ability of achieving high job performanc:, and placing
individuals throughour their career into iobs which in
some way match their abilities. Unfortunazely, the evi-
dence in inspection tasks does not support this common
sense approach at all strongly. A major review by Wiener
(1 975) concluded thar emphasis on training and job/
equipment design would yield much higher benefits than
ing the scarch for good sclection/placement tests.
For the specific job of aircratt inspection, astudy is needed
to make a definitive decision, so that resources can be
applied zo devising such tests, or thewholecencept can be
put aside.

‘Wiener raised the issue of test validity. If the inspector’s
task is to detect true defects, while ignoring non-defects,
then any potentiai tests should correlats with these mea-
sures, rether than with less-related measures such as
supervisor ratings. Harris and Chaney (1969) devised 2
well-validared selection test for electronic inspectors, vs-
ing the criteria of detection ability to cstablish validity.
However, thetest was found to be not valid for mechanical
inspectors. A large study of selection tests fori inspectors in
generz! {Gallwey, 1983) showed that general tests such as
intelligence or cognitive style were not strongly correlared
with performance. A simplified version of the actual
inspection task was the only selection device to show
reasonable correlations with performance. Further study
by Wang and Drury (1989) found that using a task
analytic approach allowed tests of somewhat higher valid-
ityto bechosen, butthe power of such tests todiscriminate
between successfid and unsuccessful inspectors was not
high.

Analysis of the same dara {(Drury and Wang, 1986)
determined that inspection performance was highly task-
specific. Good inspeciors on one inspection task may be
poor on other tasks. Tkis fact would explain why Harris
and Chaney’s test only worked for the electronic inspec-
tors for whom it was onginally designed.

Aircraft inspection tasks are diverse, as was found dearly
in the curtentstudy. They range from visual detection of
many discrete defects, though kinestheric detection of
play in bearings or cables, tc tactile inspection for loose
rivets. NDI rasks represent another spectrum of required
inspection skills. If inspection ability is indeed rask
specific, the prospects forasingle “inspection 1est” are not
good. However, it is worth recommending a definitive
study of individual differences in aircraft inspection be-
cause the payoff for establishing a reliable and valid
inspecrion testwould belarge. This recommendation has
thus 2 low probability of success but a high value if it does
succeed, and on balance is probably worth performing. It
should have the lowest priority of the four recommended
long-term studies.

3.5 CONCLUSIONS

The work reported here represent: the results of the first
year G{ a process desigh. 2 1o use the known results of
human factors in manufacturing inspection 10 aid in
Lnproving the reliability of aircrafi inspection. Assuch, it
has concentrated on detailed observarion of the current
aircraft inspection system, and the analysis of that system
in serms of models found usefil in improving manufac-
turing inspection. The sampie was restricted initially o
major national carriers, and all methodology had to be
devised specially for airciaft inspection by analogy. De-
spite these inevitable limirations of any starcing endeavor,
solid conclusions can be drawn.

1. Task Analysis of aircra® inspection is possible,
and has proven useful in locating human/system
mismatches which can cause inspection erross.
The principles and models derived from human
factors in manufacturing h'-?w' ion have been
readily adapted to aircraft inspection. This
cffort needs 10 continue with a more diverse
sample.

Aset of short-term and long-term interventions
has been generated, to guide both relatively
rapid implemenzation and the search for new
data and techniques (Sections 4.3 and 4.4).
Implementation can only be achieved by the
organizations whose mission is aircraft inspec-
don and maintenance. The research team and
the FAA should work dosely with these organi-
zations both to implement changes, and to mes-
sure the effectiveness of these changes.
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A firm condusion must be tha: the current
system is good. Major improvements have been
made over the years (e.g. NDI equipment), and
all participants encountered during this study
haveshown akeen commitment to system safery.
The improvements which now need to be made
are not always obvious or easy: if they were they
would probably already have been made. Rec-
ommended improvements are the result of bring-
ing new expertise (human factors) to bearon an
already error-resistant system.
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Chapter Four
Advanced Technology Training
for Aviation Maintenance

This chapter reports the status of a project to support the
applicarion of advanced technology systems for aircraft
maintenance training. The first phase of the rescarch was
10 assess the current use of such technology in airines,
manufacturers, and approved aviation maintenance tech-

nicianschools. Thefindings oftheassessment arereported -

here. The second phase of the rescarch is building a
prototype intelligent tutoring system for aitcraft mainte-
nance training. The chapter defines intelligent tutoring
system technelogy and presents the specifications for the
prototype. This et also describes example constraints
to the rapid design, development, and implementation of
advanced rechnology for maintenance training.

4.0 INTRODUCTION

Thehuman isanimportant componentin the commercial
aviation system that provides safe and affordable publicair
transportation. Much attention to the “Human Factor” in
the aviation industry has focused on the cockpit crew.
However, the FAA and the airlines recognize that aircraft
maintenance technicians (AMTs) are equal partners with
pilotsto insure reliable, safedispazch. Thejobofthe AMT
is becoming increasingly difficult, as discussed in Chapter
L This is a result of the fact that there are increasing
maintenance tasks to support continuing airworthiness of
the aging aircraft fleet while, at the same time, new
technology aircraft are presenting complex digital systems
that must be understood and maintained. Sheer metal and
mechanical instruments have given way to composite
materials and glass cockpits. These new technologies have
placed an increased training burden on the rechanicand
the airline training organizarions.

The FAA Office of Aviation Medicine, as a part of the
National Aging Aircraft Research Program and the Na-
tional Plan for Aviation Human Factors, is studying a
number of Human Factors related issues that affect avia-
tion maintenance. As described in Chapter I, examples of
the projects under investigation include the following: a
study of job aiding for maintenance tasks (Berninger,
1990); design and development of a handbook of Human
Factors pnncxples related to maintenance; atask analysis of
aviation inspection practices (Drury, 1989 and 1990); a
study of maintenance organizations (Taylor, 1989 and
1990); and the assessment and specification/demonstra-
tion of advanced technology for maintenance training.
‘Theadvanced technology training research, reported here,
is exploring alternatives for the effective and effident
delivery of a variety of aircraft maintenance training.

4.1 RESEARCH PHASES

The training technology research is divided into three
phasestharwill beconducted overa threeyear pericd. The
work began in January of 199G.

Ins the first six months the status of training technology for
maintenance technicians was assessed. This was done
with a series of telephone interviews and site visits to
manufacturers, aiflines, and schools operating under Fed-
eral Aviation Regulation Part 147 (FAR 147). Currently
the research team is designing and building a prototype
intelligent tutoring system (ITS) that can be used as a
demonstration of the application of expert system tech-
nology to mraintenance training. ITSs are described in
Section 4.2. The prototype will also be used to help
finalize the specifications fora fully operational intelligent
tutoring system that will be completed in the second year
for a full scale evaluation in year three.

Theoperational intelligent tutering system will be builtin
conjunction with a school and airline thar were identified
during the first six months of the project. Theintelligent
tutoring software will be generic in design sothat it can be
modified for a variety of aircraft maintenance training
applications. The product wiil be a turn-key training
system for maintenance. The important by-product wii
be a field-tested approach to develop, efficiently, subse-
quent I'TSs for aircraft maintenance training.

The third phase will be dedicated to evaluation ~f the
intelligent tutoring system for maintenance training. The
system will be integrated into a training program at a
school or aifline. User acceptance and tiaining effective-
ness of the intelligent rutoring system for maintenance
training will be evaluated. In addition, there will be an
analysis of the cost effectiveness of such training rechnol-
ogy. Tabie 4.1is a summary of the three phases.

4.2 DEFINITIONS GF ADVANCED
TECHNOLOGY AND ITSs

Over the past decade, instructional technologists have
offered numerous technology-based training devices with
the promise of “improved efficiency and effectiveness”.
These training devices are applied to a variety of technical
training applications. Examples of such technology in-
dude computer-based simulation, interactive videodisc,
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Phase 1 1990 Technology Assessment and Prototype
Phase 2 1991 Build Complete Intelligent Tutoring System
Phase 3 1992 Conduct System Evaluation
Table 4.1
Phases of Research Plan

and other derivatives of computer-based instruction.
Compact disc read only memory (CDROM) and Digital
Video Interactive (DVI) are two additional technologies
that will offer the “multi-media” training systems of the
future.

The application of artificial intelligence (Al) to training
captivated the instructional technology literature of the
eighties (Sleeman and Brown, 1983, Wenger, 1987,
Keassley, 1987). The Al-based training systems are called
intelligent tutoring systerns (Polson and Richardson, 1988,
Psotka, et al, 1988). Thds seciion will define the ITS
technology as it exists today. The section will show
examples of systems that are currently in use andfor
development. The examples are those for which the
author has responsibility. There are many other excellent
ITSs in development today. Intelligent tutoring systems
are usually described with some version of the diagram in
Figure 4.1(Johnson et al, 1989; Mitchell and Govindaraj,
1989; Yazdani, 1987).

At the center of the diagram is the instructional environ-
ment. It can include any of the techniques that have been
available with conventional computer-based instruction
(CBI). Thiscould includethe following: simple tutorials,
drilland practice, problem solving, simulation, and others.
It can be argued that the design of the instructional
environment is the most critical element in a training
system. However, an I'TS is only as strong as its weakest
module.

Between the instructional environment and the student is
the user interface. The interface permits the siudent to
communicate with the instructional environment. The
interface can be as simple as rext with a keyboard. How-
ever, today’s interfaces are more likely to indlude sophisti-
cated color graphics, animation, audio, and video disc.
Example input devices are keyboards, touch screens, mice,
trackballs, voice, and other such hardware.

The software that differentiates I'TSs from conventional
CBI are the models of the expert, student, and instructor.
The expert model contains an understanding of the
technical domain represented in the instructional envi-
ronment. There are numerousways to encode this expert
understanding. The most common is with production
rules. When the instructional environment is a sinula-

Figure 4.1 Iatelligent Tutoring
System

tion, a portion of ihe expert model is often embedded in
the simulation. This is true with Microcomputer Intelli-
gence for Technical Training (MITT) (Johnson et ai,
1988 & 1989) and with the Intelligent Maintenance
Training System (IMTS) (Towne and Munro, 1989).

The student model is a dynamic accounting of student
performance within a given problem. Most student

models also contain a historical record of previous student
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petformance. The final model, the instructor, compares
the student model to the expert model to assess student
performance. Theinstructor medel, sometimes called the
pedagogical expert, offers approepriate feedback and/or
suggestions for remediation. The instructor model also
sequences subsequentinstruction based on perceived level
of competence of the student. The instructor model isan

rt system with production rules abour training and
feedback. This model does not necessarily know anything
aboutthecontent marterwithin theinstructional domain.

4.2.1

Research on artificial intelligence in training has been
going on for quite some time (Carbonell and Collins,
1973). However, few systems have made a successful
transition from the laboratory to real training environ-
ments (Polson, 1989, Johnson, 1988b). Johnson has
offered a number of the reasons that the transition has
been difficuli. Healso described howtobuild TTSsforreal
applications (Johnson, 1982, 1988b, 1988¢).

Flowcharts and diagrams, like the one in Figure 4.1, arc
helpfil to gain a broad understanding of the I'TS concept.
Examples of operational I'T'Ss are a better way to under-
stand and appreciate their potential for technical training.
MITT, MITT Writer {citation), and Advanced Learning
for MSE (ALM) (Coonan, et al, 1990) are examples of
such systems.

422 Sommary of Examples

MITT, MITT Writer, and ALM are but a few examples
of I'TSs thar have transitioned from the laboratory o the
operational training environment. This transition was
possible because the systems were designed to meet the
hardware, software, and budger constraints associated
withreai training, Thesesystemsoperateonhardwarethar
is available, in place, today. Ifintelligent ruroring systems
are to become a part of technicz! training they must be
sensitivetothese constraints. Eachwill bebriefly discussed
here.

Hardwaze is the first constraint. Mest of the early ITSs
were developed on dedicated artificial intelligence work-
stations. Such hardware is considered to be obsclete and
impractical Dy most developers. However the eady TTS
development on the Xerox and Symbolics workstations
permitted the initiai desigr principles for today’s systems.

Example Systems

‘The hardware problem ishistory. Teday’s computers, the
IBM-AT, compatibles ar:d the Macintosh, have the capa-
bility for ITSs. The faster 86386.and 80486 processors are
providingsignificant capability todeliver intelligent train-
ing. Such hardware is becoming increasingly affordable
and reasonable for training applications.

Software hasalsc evolved to become moresuitable forITS.
The new operating sysiems, with new hardware, permit
paralle] processing and direct access to unlimited memory.
These two changss, by themselves, will have a major
impact on new training software. In addition to these
advances are a variety of software tools that faclitate the

development of interactive graphics, as an example.

Budger considerations ate a third constraint to the devel-
opment and implementation of ITS in technical training
environments. The advent of ITSs on available micro-

computers is driving down such costs. The develepment
of authoring systems, like MITT Writer, will also bring
down the cost of IT'Ss.

4.3 ADVANCED TECHNOLOGY FOR
AIRCRAFT MAINTENAMCE
TRAINING

The goal of Phase 1 was 1o identify the extent to which
advanced technclogy was being applied to aviation main-
tenance training, To accomplish this goal, asample of the
population of airines, schools, and manufacturers was
either visited or interviewed by relephone or personal
discussion. The organizations that had major inputto the
survey are shown in Table £.2.

Each interview began with a discussion of the perceived
status quo of maintenance aining. Table 4.3 summa-
rizes the presonceptions that served as a basis for initial
discussions.

Theinterviews confirmed that the initial perceptionswere
accurate. However, there were noteworthy exceptions.
Perhaps the most significant of the incorrect assumptions
was the FAA position on advanced technology for main-
tenance training, The discussions with FAA persoanel
and training personnel throughout the industry confirm
that advanced technology training systems have the po-
tential to substitute for real equipment in certain labora-
torytasks. Forexample,an AMT trainee can leamn tostart
and troubleshoot 2 tusbine engine using a simulation
rather than the real engine. Advanced technology cannot
substitute for many psychomotor activities but is espe-
cially useful where students must practice the integration
of knowledge and skill for problem solving, dedsion
making, and other such diagnostic activities. It appears,
therefore, that simulators and other advanced technology
are becoming an important component of maintenance
training curriofa. Proposed changes to FAR 147 have
suggested that “the curriculum may be presented utilizing
currently accepted educational materials and equipment,
induding, but notlimited to: calculators, computers,and
audio-visual equipment.”
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AJRLINES:

American Airlines Maintenance Academy
British Altways

Continental Airlines

Delta Airlines

Northwest Airlines

United Airflines

ATA Maintenance Training Commitiee

SCHOOLS:

Clayton State College
Embry-Riddle Aeronautical University
The University of llinios

MANUFACTURERS:

West Los Angeles Coliege

Boeing Commercial Airpianes
Douglas Aircraft

Alrbus/Aerofommation

ATA Maintenance Training Committee

Table 4.2 Sources of Information for Technology Survey

4.3.1 A Discussion of Hardware for Advanced

Technology Training
All of the interviews resulted in a discussion abour the
appropriate hardware systems for advanced technology
training. While there is not unanimous agresment, the
current favorite is the 80286 or 80386 operating in the
DOS environment. VGA seemstobetheacceptablevideo

hardware standard. Many airline managers were outspo-
ken about their dissatisfaction with the lack of standards
among the various CBI verdors. The Air Transport
Association (ATA) Maintenance Training Committee
(ATA, 1989) has strongly recommended thar all manu-
facturer-produced courseware be designed foracommon
non-proprietary system fike the IBM-AT and comparible

training aliernative.

maintenance training.

training systems.

Mairtenance training is traditional.

Training personnel do not have time 1o develop
advanced technoiogy training systems.

« FAA has not encouraged the use of advanced technology
as a substitute for iaboratory practice.

Advanced technology is an effective mairtenance

= There are few vendors of advanced technoiogy for

+ Most CBI systems require proprietary hardware.
» Training personnel want advanced technology

Table 4.3 The Perceived Situation for Interview Discussions
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Figure 42 Advanced Technology Training Prototype

computers. That is not currendy the case, although the
trends are in that direction. Software developers who meet
the ATA standards are more likely to succeed in the new
marketplace.

Thetwo largest producers of CBl foraviation maintenance
are Aeroformation {for Airbus) and Boeing Commercia)
Airplane Company. Both systems require some propri-
etary hardware but are somewhat compatible within the
80286/386 family. I’o.glas Aircraft is also developing
CBI that will be compatible with the ATA standard.
Another committee that is promoting standards is the
Aviation Industry Computing Committee (AICC). They
have published hardware guidelines and a caralog of
current and planned CBI developments by its members
(AICC, 1990).

Among the major airlines there is some hardv-are variance.
Delta Aidines, one of the few to have a significant CBl
development staff, is using a large number of 80386
processors with advanced graphical displays. The Delta
systems are also DOS-compatible in order 1o maximize
applications.

The majority of Boeing training software is for the 747-
4060. The Boeing software was developed under contract
to a large CBI company. The Advanced Technology
rraining develop:nent group at Bocing are cooperating
with United Airlines and Apple Computer Company to
explore the concept of “Instructor led CBT.” Using
MacIntosh computers and a variety of color graphics and
hypermedia tools, they have created a variety of dynamic
displays to be used for group training. Boeing calls the
development “Instructor-led CBT.” Eventually this ap-
proach should find its way to individualized CBI.

44 ADVANCED TECHNOLOGY
TRAINING PROTOTYPE

As described in Section 4. 1, the first phase of the project
would establish the current status of advanced technology
for maintenance training, and ther: would build a proto-
type ITS. The prototype can be used as a demorstration
of the application of expert system technology to mainte-
nance training. The prototype (sec Figrre 4€.2) will be
used as a2 model for the fully operational ITSs 1o be
completed in phase two and evaluated in phase three.
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The prototype was developed with two major areas of
concern In mind, the interface and simulation. An
intuitive, easy-to-use interface was essential for user accep-
tance of advanced technology training. A correct and
realistic simulation of the instructional domain was also
crucial. An iterative design approach involving subject
martter experts, technical instructors, educational tech-
nologists, and computer scientists was used to ensure that

both of these goals were achieved.
4.4.1 The Prototype Specifications

The prototype was developed on hardware that is aligned
with the ATA-recommended standards. The specifica-
tionsarelisted in Table 4.4. This hardwareinsuresthat the
prototype will be of value for demonstration on available
computers. It does not require special hardware.

4.4.2

The primary criteria for selection of the instructional
domain for the prototype was thar the finished I'TS be of
immediate value to airlines and to FAR 147 schools. In
order to accomplish this goal, the domain had o be a
complex system that is prone to failure. In addition, the
system had to have an effect on passenger safety and/or
comfort. Candidate systems that were considered in-
duded the following: hydraulics, auxiliary power unit
{(APU), engine information and crew alerting system
(EICAS), electric power distribution, fuel distribution,

and environmental control system {ECS).

The Instructional Domain

ECS was chosen for the prototype system. This system is
ideal for many reasons. On the ECS, diagnostic informa-
tion and maintenance checks occur throughout the air-

* 80286 or 80386 Processor * Mouse
* 1 Mb of Memory
* VGA Display

* Hard Disk Storage

« MS-DOS
+ Offthe-shelf software

for graphics and windows

¢ C++ Programming Language
e MS Windows

Table 4.4 Hardware and Software for Prototype

The instructional and pedagogical design isa moreimpor-
tant consideration than hardware, While the design is
hardwarc and softwaredependent, it mustbe emphasized
that robust and expensive hardware does not make up for
poor design of the instruction. An incomplete listing of
the instructional specifications is shown in Table 4.5.
These specifications evolved with the software.

+ Extensive Freeplay and Interaction

¢ Problem Sclving and Simulation

* Explanation, Advice, and Coaching

* Orientation Towards Maintenance Tasks
* Adaptable to Student Skill Level

Table 4.5 Instructional Specifications for
Prototype

craft. Thesystem is integrared with the APU and the main
engines. The ECS is critical to passenger safery and
comfort. Further, the ECS principles can be generalized
to many aircraft. Therefore, currently, the ECS is the
prototype domain.

443 Prototype Development Parmers

At the outset of this research, the intent was 1o elicit
participation from at least one FAR 147 school and at least
one major air carrier. A large number of schools and
airlines offered ro participate. That is encouraging to the
research team and to the FAA sponsor.

The development partners are Clayton State College and
Deha Airlines, both in Adanta, Georgia. The combina-
tion of a major airline and an appreved FAR 147 school
will insure that the [TSs will meet the instructional needs
across a wide spectrum of AMT personnel. The combi-
nation will insure thar the training system is technically
correct and instructionally sound. Funther the airine/
school combination wili be ideal to conduct evaluarions of
training effectiveness and cost efficiency during phase
mree.,
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444 Prctotype Development Environment

The development environment for the protorype was
chosen in accordance with the prototype specifications
outlined in Section 4.4. 1. The prototype was developed
with Asymetrix Toolbook under Microsoft Windows
3.0. Both of these products allowed access to extra
memoty, when available.

Toolbook is a software construction set with a graphical
user interface and object-oriented programming features
(Toolbook is not a programming language). These
featuresallowed forthe rapid developmentof an interface
prototype and accompanying simulation.

The Toolbook development environment was excellent
for development of an interface prototype. However, as
thesystern grew, Toolbook ran into memory limitarions.
Also, because Toolbook was not a programming lan-
guage, therewere inherent limitations on flexibiliry. This
inflexibilicy was highlighted during the development of
the siraulaticn.

While adequate for the prototype, Toolbook will not be
acceptable for the ITS thar will be developed in the
second phase. Therefore, different options are being
explored for the next phase. A combination of 2 pro-
gramming language and an interface development pack-
age {still under Windows 3.0) will be used for the next
phase. This will allow for a more flexible and more
powerful development environment.

445  Iwerative Design Approach

After discussions with subject marter experzs, an initial
interface prototype was developed. This interface proto-
type was presented to the development partners for evalu-
ation and critique. Changes were made to the prototype
based on these comments. The modified system wasagain
presented to the development partners. This iterative
process continued throughout development of the proto-

ope.

As the user interface evolved, work also began on the
simulation that works behind the interface. Once again,
thesimulation development was an iterative process. The

subject marter experts ensured both correctness and com-
pleteness of the simularion.

446 Prototype Description

The prototype addressed the following three major areas:
EquipmentInformation, Normal Operarion, and Trouble-
shooting (see Figure 4.3). Help is also available to the
student at any time. Each of the major areas is described

below.
44.6.1 Equipment Information

The “Equipment Information” mode allows the user to
get informarion about the differen. components of the
ECS. This information describes various switchlights,
knobs, buttons, video displays, and warning lights for the
equipment used to troubleshoot the ECS.

Theequipment that isavailable to thestudent indludes the
following: ECS Overhead Panel, Bleed Air Supply Pane
(See Figure 4.4), BITE Boxes, EICAS dispiay, and Cool-
ing Pack Schematic. The approach used to implement
Equipment Information is very modular to support the
addition of any new equipment in the future.

4.4.6.2 Norma: Operation

The “Normal Operation” mode simulates how the ECS
responds under normal operating conditions. This mode
will provide the sitdents with a baseline against which
they can compare a malfunction. The student has access
10 all of the equipment described in Equipment Informa-
tion. The student can change knob and switch positions
justasin the “real” world. In thismode it would not make
sense for the student to replace components because every
component is good. Part replacement is reserved for
Troubleshooting,
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Select
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Bleed Air Supply Fane/

Figure 4.4 Bleed Air Supply Panel

4.4.6.3 Troubleshooting

The “Troubleshooting” mode simulates how the ECS
cperates when a component has failed. As in “Normal
Operation”, the student can change switch positions.
Changesin switch positionswill affect the operation of the
Cocling Pack as in the “real” world. Also, the student has
access to a variety of diagnostic tests (Buili-in Test Equip-
ment) and tools to aid in troubleshooting,

The prototype also supports the manufacturer’s Fault
Isolation Maintenance Manual (FIMM). The FIMM, as
shown in Figure 4.5, represents the decision tree thar the
student may follow to troubleshoot the aircraft. The
student chooses the Fault Code to indicate the suspected
malfunction. The simulation knows about the current
malfunction and notifies the student of any logical errors
in the selection. [f the correct fault code is selecred, then
the student sees the specific troubleshooting instructions
for thar fault code.

Even though the system supports use of the FIMM, itis
not required. Thestudents may troubleshoot in any order
thart they choose. Thestudent may also swap circuit cards,
use a voltmeter to check continuity and voltages (see
Figure 4.6}, and replace components. Eventually, the
studentwill beableto replacea componentand then verify
thart the replacement corrected the malfunction.

4.5 PLANS FOR PHASE X

During Phase 1 the prototype was completed ard re-
viewed by the cooperating aifline z . Jart 147 school.
The overall design and technical accuracy of the environ-
spental control system simulation was acceptable. During
Phase I the prototype will be converted to 2 turn-key
intelligent simulation.

The Phase | prototype was developed with software tools
designed for rapid prototyping. While the tools were easy
10 use they lacked the robust capability that can be derived
from a programming language. During Phase II the
simulation will be written in a programming language
(C++). The graphics wili be developed in a manner that
will provide higher resolution and more color with less
memory requirements than the prototype.

During Pnase Il 2 robust evaluation plan will be designed.
The evaluation is likely to involve a design with experi-
mental treatment and control groups. The plan will
indude methods to assess training efectiveness and cost
effectiveness. The experiment will be conducted with the
cooperating airline and Part 147 school during Phase L
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4.6 SUMMARY

This chapter has described the ongoing research and
development related 1o the application of advanced tech-
nology to aircraft maintenance training. The research has
characterized current use of advanced technology for
maintenance personnel. Subsequent phuses of the re-
search will design, develop, and evaluate an mteilxgent
tutoring system for aircraft maintenance training.

Training humans 1o Jearn new slalls and 1o maintain
currentskiils andknowledgcismnai tothesafeoperation
and maintenance of man power production,
and transpomnon systems. As the U.S. labor force
changes, the criticality of such training becomes even
more eminent. Intelligent tetoring systems, combined
with human technical instructors, offer a cost-cffective,
reasonable alternative that can impact training immedi-
ately and inzo the future.
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Chapter Five
Job Performance Aids

5.1 INTRODUCTION

This research is designed to provide information thar will
enable maintenance managers in government and indus-
try to more effectively manage the integration of technol-
ogy into the work place. The information in this chapter
will aid in assessing the capability of technologies and
possible applications. It will provide a basis to judge
various approaches of implementing technology. The
information will contribute to efforts for estimating the
time, expense, and utility of filding Job Performance Aids
{JPAs) and technology in maintenance operations. Prin-
cipally, the information will help determine the return
that can be expected from an irvestment in technology. A
primary focus is on developing approaches for technology
implementation that complement human capabilities.
This is accompiished through research in two areas.

The firstareasecksa commercial maintenance perspective
of the issues. The research investigates current approaches
to computerization and job aiding in aircraft mainte-
nance. This includes a review of the relative level of
automation at major airlines. The structure of completed
systems is observed and work foree reactions to the systems
are determined. Trends are identified. The needs of the
maintenance technician are assessed, and an overall un-
derstanding of the maintenance process is acquired.

The second area focuses on technologies. A survey was
conducted to determine the capablllty of existing JPA
systems. The state-of-the-art in computers and related
technologies are assessed. The complexity and pragmaric

considerations of designing darabases, expertsystems, and
computer user interfaces are evaluated through experi-
ments. Current approaches to system integration are
identified. Expert assessments were obtained on the
capabilities and limitations of various technological ap-
proad’:cs.

52 PROBLEM DEFINITION

Research on Advanced Technology Job Performance Aids
is induded in 2 human faciors rescarch program in
response to the concern that humans will not be able to
meet the growing challenges of aircraft maintenance
without the proper application of technology. The word
“t=chnology” is used broadly in this report to identify the
tools available in science and engineering that may be
applied to aviation maintenance. The growing challenges
in commercial aviation maintenanceare well documented
(Parker and Shepherd 1989, 1990 a. and b.). The chal-
lengﬁ include aging aircraft, reunng work force, increas-
ing maintenancecapacity requirements, increasing aircraft
complexity, increasing fleet diversity and size, diminish-
‘ng pool of new technicians, and limited financial

TESOUITES.

Table 5.2 summarizes the researcher's understanding of
the problem that originally motivated the research. Tabl=
5.3 is the researcher's understanding of the problem at the
completion of Phase I research.

Iftechnology is to be used to meet new challenges it must
complement existing human resources.  Motivation to
introduce technology might come from any of the areas

Summary of Research Objectives

limitations of technology.

Rank Description

1. Provide information io enable informed decisions on the intergration of humans
and technology.

2. Provide information to increase the understanding of the capabilites and

3 Provide information that will stimulate thought and awareness of avenues for
increasing human performance through Human Factors considerations.

Table 5.1 Suic.mary of Research Objectives
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described in Table 5.2. The relationship of technology
and humans must be carefully planned.

The process of implementing Job Performance Aids is not
straight-forward. It has proven difficult o predict the
duration and costs of development. Development re-
quires complete communication between the application
experis {eventual users) and the system developers (who
know what technology can do). This close working
relationship is difficult due to the disparate backgrounds
and languages of the two groups. The development
process is a long series of trade-offs between reducing
functionality to make development more feasible and
adding functienality to make thesystem more useful. The
final system is the system developer’s interpretation of user

Some JPAs are already in place, such as built-in test
equipment (BITE). The ficlding of these technologies is
on-going, but guidelines that work in many environments
are unsuccessful in aviation. For example, initial BITE
systems fielded by Airbus had accuracy levels in the range
0f90%. In the perspective of the design team this isa very
successful system, but to 2 maintenance technician this
was a very frustrating system. Repaiss and component
replacement in aviation are almost universally time con-
suming, so even one misguided recommendation in ten
can waste an entire shift with sorne frequency. The BITE
systems are improving and are now generally accepted as
useful tools, but their implementation took time and
considerable resources.

needs, tempered by what is feasible.
initial Motivation for Research

Rank Description
1. Technology is needed to help humans cope with growing challenges.
2. Technology is needed to overcome the potential for human error.
3 Technology is needed fo overcome human limitations. {j.. accuracy)
4 Technology can make maintenance operations more efficient.
5. Mzintenance Technology shauld keep pace with aircraft technology.

Table 5.2 Initial Understanding of the Problem

Final Motivation for Research

well understood

Rank Description

1. Avenues for achieving peak human performance are under utilized.

2. Implementing technology is more complex and expensive than accepted

3 The human factors of achieving user acceptance are not will understood

4, The human factors of system development (i.e. Developer/User communication are not

Table 5.3 Understanding of the Problem at the End of the Phase I Research
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5.2.1 Computerization

Thetrend toward increased automation through comput-
erization is well under way. Computers are already de-
ployed in most of the “dererministic” tasks of maintenance
operations such as tracking, scheduling, budgeting, and
status reporting. Starting with mainframes in the 70,
most major airlines are now working on their second or
third generation systems. While the mark of computerson
maintenance operations is apparent and permanent, the
implementation of the systems has not always been well
received and their cost effectiveness is not always dear.
Aviation maintenance is not necessarily an ideal applica-
tion for computers, butduring the 80’s, asoperations grew
in complexity, computers seemed to be a solution for
many problems. Computers in aviation maintenance
usually achieved functional requirements, but sometimes
failed to live up to the expectations of the user. This was
due in part to the difficulty of fielding new technologies,
and in part to the user’s difficulty in specifying needs
dlearly. All involved are now sensitized to the criticality of
assessing the user’s needs, but itis not clear how this can be
achieved satisfactorily. In any case, there is much more
awareness of the difficulty of achieving objectives when
humans are an integral part of the system (which is almost
always the case.)

Computers solved some problems and created some new
ones. Many difficulties had to be overcome to fit existing
approaches to the nature of computer solutions. For
example, many problems arose from the computer’s affin-
ity for numbers and the human affinity for symbols. Early
on, technical considerations dominated and parts num-
bering, for example, became driven by computer require-
ments rather than maintenance requirements. One airline
reponud an air-turn-back when similar (but non-inter-
changeable) parts with like numbers were interchanged.
This example and others highlight why the enthusiasm for
computers diminished as workers lost control to the
demands of the computer system.

Implementation of technology is an axpensive, and to
some extent experimental {trial and error} process. The
Department of Defense expends enormous resources to
bring ideas from concept toreality. Airlines rarely havethe
resources to carry out the same process. Maintenance
operations are faced with mostly fixed expenses such as
facilities, spares, and labor. Labor is not entirely fixed, but
nearly so, given union agreements and the disruptions
caused by layoffs. ‘The volarility of repairs required in the
fleet during any ycar are not reflected in the flexibility of
annual budgets underwhich maintenance managerswork.
Financial resources are focused on the many axpenditures
encountered in maintenance, for example, in the process
of swapping out or replacing parts in the aircraft. As a

result, 2 very low percentage of the budger, if any. is
available for computerization.

Computers will continue to becorne more adept at per-
forming existing tasks, but the remaining avenues for
computerization are more challenging. For example,
comrnunication of maintenance information is a central
concern for every maintenanceworker. Some technicians
reported spending as much as 75% of their time obtaining
the information needed to perform their duties. The
problem is that this information is difficult to quantify. It
is not simply a matter of having technical manuals avail-
ablc on-line. Subtle information such as the fact that a
battery needs charging can make the difference betweena
successful engine run up or a wasted shift. Aircraft
maintenance depends on a large number of interdepen-
dent events. The resulting complexity challenges the
humans involved, and makes the process of computeriza-
tion arduous.

5.2.2 Human Error

At the technician level there are consistent calls to auto-
mate elements of maintenance programs which are prone
to human error. The heavy demands placed on inspectors
10 detect structural problems with aging aircraft motivate
the pussuit of new Non-Destructive Inspection (NDI)
equipment. The National Transportation Safery Board
accident report on the Sioux City accident contains the
following recommendation (NTSB, 1990):

“Intensify research in the nondestructive inspection field
to identify emerging technologies that can serve to sim-
plify, automate, or ctherwise improve the reliability of the
inspection process.”

5.2.3 Human Limitations

Labor costs are a common concern of managers; thus the
idea of tireless, efficient, and precise robots is appealing.
JPAs are sought to overcome human limitations of azten-
tion span, endurance, and accuracy. This propensity is
also motivated by the expectation thar there will not be
enough technicians available in the future, and the ones
that are available will have difficulty working with increas-
ingly complex aircraft.

5.2.4 Maintenance 2020

In the 40°sand 50's it was likely that the aircraft mechanic
was familiar with most aircraft systems, with the possible
exception of the radio equipment. Today, only the most
experienced aircraft rechnicians are familiar with a major-
ity of the systems, and radio has been joined by a growing
set of avionics equipment. The complexity of aircraft
maintenanceis expected tocontinuetoincrease. 1tislikely
that computersand rechnology will play alarger rolein the
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maintenance effort, but what are the characteristics of the
role? How large will the role be, which technologies will be
used, and when will they beused? Ifthese questions could
be answered, many false starts and considerable wasted
effort could be prevented. Integration of rechnology is a
long process and planning must be accomplished years in
advance. The maintenance process has liie margin for
trial and error, 2nd few resources are available to supper
extensive experimentation. Technology changes so rap-
idly that it often seems 2 new approach is obsolete as scon
as it is successfully fielded. There may never come a time
when maintenance programs or technology will arrive at
asteady state. While it is not possible to see the future in
a crystal ball, a great deal can be learmned from past
experience.

5.2.5 Technology

Technology hasalure ofits own. Emerging technological
capabilities seem to have “potential” to improve neardly
everything. Pressure for change often comes from the
promises of “technologists”, eager to find applications for
their inventions. It seems natural that as aircraft become
more sophisticated, maintenance should follow. How-
ever, bias toward new technology should be tempered by
a careful assessment of user needs. Designers are usually
able to field hardware and software that works function-
ally, but compatibility with humans is more elusive.

Clearly “manual” methods are not sufficient forever. For
example, technical documentation on aircraft systems has
grown exponentially and 2 typical narrow body aircraft
now arriveswith 17,000 pages ofdocumentation. Airlines
usually maintain several different types of aircraft and
must use unique procedures for each. A number of
technological solutions are available to make the informa-
tion moreaccessible, but more work is needed to facilitare
the assimilation of the information. The point is that
finding a technological solution does not replace the need

for careful consideration of human factors.

53 METHODOLOGY

The research sought to obtain a rapid high level under-
standing of the issues. The primary task was to assess the
implications of fielding technology to aid commercial
aircraft maintenance. The information contained in this
chapter is targeted for a reader who has considerable
knowledge of aircraft maintenance, limited knowledge of
computers and technclogy, and very litde knowledge of
Human Facrors.

5.3.1 Aviation Maintenance Assessment
The research sought a first hand understanding of the

challenges facing the aviation maintenance community
and the current approaches for utilizing technology to

meet those challenges. Basically, this knowledge is ob-
tained from several sources:

Aviation maintenance managers
Aviation maintenance technicians

Maintenance computetization specialists (MIS or

DP)
Aviation maintenance industry representatives

FAA managers responsible for aviation mainte-
nance

Aircraft manufacturer representatives
53.1.1 Participation in Industry Forums

Participation in numerous industry forums from confer-
ences to high level briefings provided access to most of the
individualslisted above. Informationwascollected through
informal unstructured interviews and discussions, as well
as, through observation. The research objectives and
approach were presented on these occasions, and feedback
was used to focus and direct the effort.

5.3.1.2 Site Visits

Site visits lasting from several hours to one week were
utilized to collect information on facilities, develop an
understanding of the overall maintenance process, and to
further talk with the individuals listed above. Information
was collected through informal interviews and observa-
tion. When possible, the researchers participated on an
non-interference basis in the normal conduct of aircraft
maintenance. Technicians explained what they were do-
ing as they performed their duties. All shifts of operation
were observed. Training classes and morning manage-
ment briefings were observed. The researchers reviewed
documentarion ana procedures uiilized in each aircraft
maintenance organizaticn. TheQuality Control Depart-
ment was normally the host, but time was spent with a
cross-section of the maintenance organization. The re-
search objectives and approach were always presented to
verify that the results would be useful to the maintenance
community.

53.2 Technology Assessment
53.2.1 Survey

Asurvey of existing JPA systems wasconducted. A narrow
definition of JPA was utilized, since there are existing
sources of informarion on tooling, ATE, fixtures, and
non-destructive inspection equipment. The focus of the
JPA survey was on computer and microprocessor based
systems utilized for information delivery, processing, or
storage. Inaddition, a few applicableiechnologies, notyet
incorporated in systems, were identified as part of the
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survey. Systems and technologies developed outside of
aviation were included if they demonstrated a technology
not already used in aviation. The military wasthe primary
sponser. Each aircraft manufacturer and large airline, as
well as several other major industrial companies, had at
least ore JPA in development. The goal of the survey was
not to find the system that would “revolutionize™ aviatior:
maintenance (although, if we had found one, it would
have been included), but to assess the overall extent and
charzcteristics of what is feasible and possible in Job
Aiding. The systems were identified through darabase
searches and the informaticn was supplemented by con-
tacting the developess. In addition, some systems were
identified through site visits or at industry forums.

53.2.2 Technology Research

Research was conducted to assess the capabilities and
limitations of the technologies that are most often pro-
posed forimplementation inaviation maintenance opera-
dons. Principally this effort focused on the application of
computer technologies. Artifidial intelligence and expert
systems were given particular emphasis. Several “new”
technologies were investigated in computer displays, mi-
croprocessors, storage, and input/output devices.

5.3.23 Experiments

Limited experiments were conducted 1o evaluate the
pragmatic considerations involved in developing expert
systems, databases, and computer user interfaces. The
experiment in interfaces was principally software develop-
ment task, but emerging technologies in the processor,
packaging, and displaywere alsotested. Darabase technol-

ogy was used to organize the findings from the JPA survey,
and a small expert system was developed with a commer-
cial expert system development package.
5.4 FINDINGS
5.4.1 Overview
The findings are divided into three categories:
Technological contributions
Technological obstacles
Implementation guidance

Aworking knowledge of each is needed to make successful
decisions about applying new technologies in aviarion
maintenance. The findings apply to the industry, in
general, but the reader can assess whether it is applies in
their situation. The overall theme of the findings is the
importance of a realistic assessment of the capabilities of
technology. Thesection characterizes the present capabili-
ties of technology and the likely capability of technology
over the next ten years. The scope is limited o ten years,

since predictions bey ond ten years are highly speculative.
Inany case, few maintenance managers can afford to make
decisions based on a theoretical potential 15 years in the
future. Lessons learned from implementing techaology
over the last decade are documented throughout this
section.

542 Technological Contributions
5.4.2.1 Antomation in Aviation Maintenance

For a majority of the industry, maintenance automation
means computerized maintenance information systems.
Virtually all maintenance organizations have systems in
place or antic'nate implementing systems in the near
future. Information systems provide indirect support of
maintenance, but computers are also directly involved in
maintenance in automatic test equipment or diagnostic
support systems. Thelatterare covered in the nextsection
on technologies.

The amount of information maintained on each aircrafr
has grown exponentially, but the basic structure of the
paper methods are intact in today’s information systems.
This was necessary to ease the transition from manual
methods and avoid extensive retraining. Most airlines
developed maintenance information systems internally
because each had unique maintenance programs. Evenso,
problems surfaced because computer applications were
rarely able to do everything the same as manual methods
and lacked flexibility. Further, it proved difficult to predict
the magnitude of effort needed 1o develop systems or

insure user acceptance.

Most maintenance operations now use computerstotrack
parts and aircraft status, and more organizations are
moving computers into forecasting and other decision
aiding functions. Systems are justified based on promiises
toincreaseaircraft, engine, and componertavailability, or
enable more production with existing resources. How-
ever, managers reported that unless an aircraft fleet was
growing, labor savings in production were usually offset
by increases in planning, production control, material,
and data processing. The intensity of computerization
efforts has slowed somewhar; only the largest (and profit-
able) airlines have dara processing departments actively
developing major new systems. All airlines continue o
absorb and become accustomed to existing systems.

54.2.1.1 Why Automate?

The growth that airlines experienced in the post deregu-
lation erz provided motivation for most automation
efforts. Tasks such asaircraft routing became too cumber-

some as fleet size increased. Computerization offered
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increased capacity, faster turnaround without the need 10
develop an entirely new approach. Tangible z2nd intan-
gible benefits arc achieved with automation. The intan-
gible benefits out number the tangible ones.

The intangible benefits were often promoted as more
important than the tangible benefits. The information
needed by management tostreamline operations is mostly
intangible. Automation: systems provide many more av-
enues than manual systems for tracking the technical
performance of the organization. Management needs this
information to recognize problems before they become
critical. Automation systems make it easier tc identify
trends. The result is 2 more accurate control of resources
and the efficiencies achieved can lead to increased main-
tenance capacity.

Cost control was frequently given as a reason for imple-
menting automation systems. 1 he computerization en-
ables faster customer billing and closer tracking of costs.
Detailed histories of existing costs improve forecasting
and planning. In addition, comprehensive reliability
information enables prompt acknowledgment of perfor-
mance difficuities. The effectiveness of individuaj man-
agement decisions can be determined more readily with
the additional information provided by the automation
systems.

Tangiblebenefits are primarily found in increased aireraft
(or engine or component) availability and additional
capacity. The information from niaintenance automa-
tion systems provides efficiencies chat reduce turnaround
times. Reduced turnaround time leads to increased
aircraft revenue hours, fewer labor and material dollars for
each service, and shorzer AOG’s. The informarion pro-
cessing capability of thesystemsaugment condition moni-
toring and enable moreefficientstocking of spares. Stricter
control of inventory and resulting efficiencies can lead 10
savings.

A couple of benefits that were sighted in the early years of
automation never became reality. One area is manpower
saving, as mentioned earlier. The other was the goal of 2
“paperless” system. Thereare a number of rezsons for this
failure induding the fact that humans prefer to read hard
copies and that computer information is updated so
frequendy. Combining these with the proliferation of
sopy machines and a visit to most maintenance facilities
demonstrates that the goal of a “paperiess” system has not
been achieved.

5.42.1.2 What Can be Automated?

Computers are involvad in most aspecs of information

management for maintenance, engineering, and materi-
AT . -

ais. Airines incrementally developed their systems overa

number of years. Functionality and enhancements were

added toacoreczpability. Thedifficulties not withstand-
ing, the presumption is that each new piece or ype of
information added provides a more accurate and com-
plete picture of the maintenance operation. Asan example
of the complexity involved, consider service scheduling.
Scheduling depends on multiple constraints and has
many ramifications. The service schedule has implica-
tons for labor, facilities, and materials mequirements. The
objective is to inake efficient use of the first wo and
minimize the last element. In any case, in order to ensure
all are available in sufficient quantity (and not in excess
quantity) the service schedule must be carefully planned.
The schedule is based on forecasts of expected demand.
The unscheduled service requirements are anticipated
from reliability information and the time condition of the
aircraft. Rowble requirements, modification requirements,
and deferred work all figure into the equation. The
schedule requirements are meshed with resource availabil-
ity to determine aircraft arrival and work scheduling.

Planning might uvtilize the computer for maintaining
aircraft maintenance history, development of work pack-
ages, and work card generation. In addition, planners
need access 1o service forecasting, service scheduling, and
aircraft routing information. Computer support of work
cards is increasingly common. Most organizations have
computerized work card indexes and somesystemns gener-
ate the cards on demand.

Other than tracking parts, status informarion isone of the
most widely implemented functions and represents 2
significant level of complexity on its own. The hours and
cycles of every aircraft in the inventory must be known for
tracking time limited parts and complying with regula-
tons. The configuration of each aircraft is tracked for
modifications and component serial numbers. Mainte-
nance status includes pilot reports, discrepancies, defer-
rals, and history. Information necessery tosupportwarranty
claims is maintained, such as manufacturers require-
ments, time tracking. and flight history. Alrcraft modifi-
cations might be tracked separately for the fleet, aireraft,
and individual components.

Varying degrees of reliability information can be main-
tained on the flect. A delay summary might be reviewed
daily, where each delay is charged 10 a specific area of the
airline or maintenance department. Unscheduled re-
moval rare can betracked 1o identify trends, perhaps from
shop information. The management of materials and
purchasing can be similarly information intensive, and
there areseveral types of information of interest to manage

rotables.
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54.2.2 Industry Computerization

Virtuallyall major maintenance organizationsutilizesome
form of computerized management information system.
Relatively few utilize computer based job aiding systems
for the technicians, other than tracking parts orautomatic
test equipment. Most of the systems were developed
internally, although the current trend is to use outside
consultants and off-the-shelf software. Some airines are
marketing their information systems to other mainte-
nance orgznizations. It is difficult to gauge the cost
benefits of the current generation of systems, but few
consider it possible ro go back tothe old manual methods.

The following describes the level of automarion at several
airlines:

Air Canada has several types of mainframes,
induding Honeywell, IBM, and Unisys. They
utilize networked HP and Wang mini-compu-
ers, aswell as PCs. Most information utilized by
anagement is maintained using the comput-
CIs.

Alaska Aidines uses an Amdal] mainframe that
is networked to th: maintenance base. The
system tracks aircraft and component history.
Macintoshes are available for management re-
porting and other applications.

Amernican Aidines has many management ac-
tivitiss autornated and is currently studying a
major new autcmation plan.

America West uses 2 Unisys mainframe run-
ning software developed internally. Thesystem
performs tracking functions and supports plan-
ning.

British Airways has IBM mainframes handling
all management information processing and
storage requiretnents.

KLM uses several computerized systems. Oneis
called CROCOS (computerized rotables con-
trol system) and another s called COM-
PASS (computerized marerial procurementand
supply system.)

Northwest Airdines has an extensive automa-
tion system called SCEPTRE. It runs on IBM
mainframes and was developed internally. The
system addresses most management informa-
tion needs, and is still growing.

Pan Am uses a system developed internally
called AMIS (aircraft maintenance information
system.) This is also a mainframe based system

and performs functions such as maintenance

scheduling, technical services, and retrieval of

matntenance items.

"YWA has applicaticns running on an IBM
3090 mainframe to track aircraft status, main-
tenance  requirements, and support reliabil-
ity analysis. Capability has been added to track
parts and labor using bar code technology.

United Aidines is one of the few aidineswith a

separate department devoted to developing
maintenance automation systems. | hey review

proposals received from vendors and develop
systems in-house.

US Air uses asystem developed internally called
MERLIN. Itisan integrated set of applications
running on a IBM 3090 mainframe. Some of
the details of this extensive system are included
as a part of the JPA survey in the Appendix.

Modules have been developed to perform nu-
merous  functions such as tracking mainte-
nanceactivity, discrepancies, component times,

and preparing repair shopschedules. US Airalso
has a robot controlled parts warehouse system.

5.4.2.3 JPA Survey

Asurvey of job performance aids was conducted tc assess
the application of technology in aviation maintenance
over the last ten years. The focus was on computer or
microprocessor based systems used to process, store, or

deliver information to the maintenance techniciin. The

systems currently in use in commercial maintenancetend
tobe the information systemsdiscussed above. Thesurvey
concentrated on novel approaches to analysis, diagnosis,
dedision and job aiding, although a sample of other
applications are induded. Brief descripdons are induded
in theappendix, and asummary isincluded in the Chapter
Appendix. In the interest of conserving space, the descrip-
tion of some systemns is not included.

The survey was comprehensive, but some proprietary
systems or recently announced systems might have been

missed. In any case, the sample gives an overall sense of

trends, typical applications, and the envelope of system

capability. The findings demonstrated tharapplication of

technologies to aircraft maintenance is still an experimen-
tal process. Most of the systems identified did not survive
beyond feasibility studies and prototyping. Activesystems
tended to be in the development cyde, and few systems
were integrated into the day-to-day maintenance process.
The long term impact of JPAs is unknown, but few
experienced sponsors demonstrated eagerness to develop
more systems or implement existing systems in critical
applications.
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Irisdifficult to generalize, but there seemed tobea 15 year
lag between the time when an application is technologi-
cally feasible and when it is refined to the point of being
cost effective. The process of implementing technology is
a long term effort, and for now, except for a few specific
applications (Le.. engines, avionics), thereislittle evidence
that the JPAs have had a major impact on the way aircraft
maintenance is accomplished. In some cascs, sponsors
were withholding judgement urril the completion of
development. None-the-less, there area few success stories
and many lessons to be learned from past efforts.

Sbay percent of the systems identified were sponsored by
the military, with the Air Force being the dominant
sponsor. The remaining 40% were divided between
commercial aviation and other commercial industries.
Each of the aircraft manufacturers had at least one system
in development, although often through their military
divisions. Manyaislinesdeveloped maintenance informa-
tion systems internally, but only a few airlines were major
players in JPA development. The dominant applications
were systems that supported on-condition raaintenance

of aircraft engines.

Engines area particularly good application, because main-
tenance involves collection and analysis of a lot of data.
The analysis requires expertise, but can be computerized
sin et involves identifying trends in thedata. Tomputers
arc particularly adept at reviewing vast quanrities of
numbers and comparing them to limits.

The recent generation of aircraft incorporates built-in test
(BIT) for avionics. The early systems iended to generate
numerous false alarms, but acauacy has increased over
time. BIT seems to be here to stay since there are few
alternatives given the growing complexity of avionics.

Thirty percent of the systems were used for faultdiagnosis.
Forty five percent of the systems were management
information systems, 45% were used directly to support
maintenance, and the rest were used for analysis. Some
novel applications were identified. Several organizations
are working on systems that have an imbedded self repair
capability. One involves use of an expert system to
reconfigure aircraft aerodynamics in the event of system
failure or battle damage. A handful of efforts are tracking
trend data on structures to anticipate maintenance needs,
similar to what is already done for engines. The analysis
involves reviewing the trends in vibration data collected
from sensots. For example, the VSLED (vibration, struc-
tural life, and engine diagnostic) system developed for the
V-22 tilt-rotor aircraft monitors data and generates re-
ports that specify needed maintenance actions. Several
voice recognition systems have been developed thar could
be used for data entry by inspectors. A product recenty
marketed by Lanier Voice Products receives voice inputs

and autematically generates reports. Anotherapplication
analyzes samples of engine lubricants taken ar regular
intervals. The levels of oxidation, sludge, viscosity, fuel
dilution, dir, glycol, water, and wear metals are recorded
and tracked to predict when maintenance will be needed.

Forty parcent of the systems identified incorporared ex-
pert system technology, 15% were portable and ail used
siate-of-the-art hardware technology. Several new tech-
nologies made their debut in recent years. Fuzzy Logic is
an approach to logic that incorporates characteristics of
imprecisereasoning. Ratherthanbeingonly “on” or “off”,
the Fuzzy methodology permits degrees of “on” or “off”.
‘This approach is used with some success to model human
reasoning processes. It is a popular approach in Asia, but
has not caught on in the United States. One technology
that is receiving increasing awention is Virtal Reality
(VR). VR combines three-dimensional graphics with
sensors attached to the user to create an astificial environ-
ment. The sensors detect movement and modify the
three-dimensional display accordingly. For example, the
user wearing a set of goggles with miniature displays can
walk through an environment created by the computer.
The systems have potential to be the simulators of the
future. CD-ROM hasreceived agreatdeal of press, butthe
technology has not been widely implemented. It has very
large information storage capabilities, but requires expen-
sive hardwvare to store and retrieve the data. It reduces
duplication costs, but it is notany more flexible than paper
and humansare uncomfortable reading informarion from
computer screens.

Several systems were portable, but portabiliy did not
appear to be as impertant as might be expected. Irseems
for the rype of applications thar are needed, it is not a
problem to go to a terminal and get a hard copy. Portabil-
ity is only a factor if each technician is given their own
system, not a likely event, given current hardware and
software costs. Even “dumb” terminals are currently 100

expensive to give one to everybody.

The principal criterion that separated the successful sys-
tems from others was the utility to the user. Thesuccessful
systems are typically in applications where there is no
alternative, such as engine monitoring or avionics testing,
Overall, the mostambitious systems tended to get into the
.nost trouble, unless the developer wzs very persistentand
well funded. The systems developed by the automobile
manufacturers, were well funded and had persistent devel-
opers, but still received slow acceptance until a manual
mode was added. Further, it is very difficult to estimate
development costs unless the application is very specific
and the requirements are rigid. There is a tendency to
make the system general in nature to spread the develop-
ment costs across as many users as possible, but this
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inevitably lead ro failure. The systems thar targeted a very
specificproblem withaclearset of requirements fared best.

The road blocks to system develupment are establishing
clear user requirements, software productivity, and the
input/output required. Softwarc is the principal expense
inthesesystemsand softwaredevelopinent hasbeen along
and arduous process. Several enhancements in software
technology are beginning to address the problem. Com-
puter Aided Software Engincering (CASE) tools are be-
coming more powerful. Object oriented programming is
being implemented to facilitate the reuse of software.
Authoring systems have the potential to enable users to
develop their own systems. Currendy, developing an
application requires the developer to become an expertin
the domain. Developing authoring systems is a major
undertaking and no one has developed a JPA authoring
system yet. Progress is being made in the /O area in terms
of graphical user interfaces, voice recognitior, and com-
putervision. However, it wil besometime (more than 10
years) before ‘nformation can be communicated between
humans anc. computers as rapidly as between humans.

543 Technologiczl Obstacles
5.4.3.1 Technologies
The question might be asked, “What does technology

have to dowith human factoss?” The answer is three fold.
First, technology (especially “new” technology) is often
sold as 2 solution for human factors problems. Seconcly,
observation shows thar one of the greatest challenges of
implementing vechnology is the human factors chalienge
inachieving the necessary communication betwee 1 devel-
opersand users. Lastly, all systemns ultimately inreiact with
humans on some level and care must be addressed w0
human system interfaces.

Technology is a tool for developing systems that facilitate
aircraft maintenance, but in itself does not solve any
problems. For example, artificial intelligence is 2 tool for
software development, but it is not a maintenance auto-
mation system. New technologies aredeveloped ata rapid
pace,and, in thefervorto find applications fortechnoiogy,
realism tends to be a casualry. Technologics are always
“emerging”, and industry often buys the “latest” technol-
ogy. Thisaspect ofthe researchsecksto diffuse this in favor
of 2 more pragmatic assessment of the role of technology.
Importantly, these findings are absent the sciesmanship
that often accompanies discussions of technology, as the
researchers have no stake in any particular technology. A
central effort in the research involved assessing the contri-
bution already made. Comparison of past expectations
and actual contributions provides insight into future
contributions.

The Auromared Intelligent Maintenance System (AIMS)
isatypical example that illustrates the plight of many JPAs.
AIMS was designed as 2 job aid for Army truck mainte-
nance. It featured expert system and voice recognition
technology, along with a computer screen that displayed
schemadc diagrams and installation drawings. It was
wireless and packaged in a large bricfcase. In addition to
delivering techinical maintenance informarion, AIMS was
designed to track maintenance records, order parts, con-
trol inventory, maintain schedules, and support training.
Cver a million dollars went into development and a
working prototype was fielded. However, the effort was
ended when technicians were reluctant to use the proto-
type and the cost of updating the database was recognized.
The system simply did not have the utility the technicians
needed.

While not typical, the Air Foree’s Integrated Mainte-
nance Information System (IMIS) serves as a model of
how Job Peiformance Aid development efforts should
proceed. Italso givesa sense of the magnitude of the offort
and perseverance needed tosuccessfully implementa JPA.
Table 5.4 identifies the time frame involved. IMIS is
designed o be asingle source of information for Air Force
technicians. Technical dara, diagnostics, training, histori-
cal data, and maintenance management information nor-
maily obtained fromdiversesourcesis integrated by IMIS.
IMIShas auinterface for the aircraft maintenancedata bus
and can process information from BITE. The aircraft is
identified through the interface and IMIS automatically
provides aircraft specific information. In addition, IMIS
has data entry capability and helps to generate necessary
reports. IMIS was initiated by a cor:cept paper in 1979
and a full up system demenstration is expected in 1993.
Constant arcention to the user, from assessing nesds ro
final acceptance. is identified asthe characteristic thatleads
this program to be more successful than others. It has
proceeded ina phased manner from conceprdevelopment
using off-the-shelf hardware tc field tests using custom
hardware. The program has continually evaluated and
enhanced theman-machine interface. The IMIS program
isworking orr acomplete ser of spacifications that could be
adapted by others with similar objectives. The lessons
learned by the Air Force during thedevelopment of IMS
can be utilized by the commercial industry. However,
cornmercial and military approaches to maintenance are
not the same, and IMIS technology inay not transfer
directly to commerdial maintenance.

Clearly maintenance will be differernit in thinty years and
anything is passible, but the survey demorstrated that, for
at least the nexx ten years, there is litde evidence that
technician job petformance aids will bz widely used in
commercial aviation maintenance. The research reveals
twelve reasons for this conclusion:
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1))

2)

3)

9

5)

8

9)

The Department of Defense is not planning to
fiecld systems until the middie of the decade.
Commercial maintenanceapplicationsare atleast
five years behind the military in development.

Development of the systems in the automobile
industry took nearly adecade and theapplication
is more well defined. User acceptance has im-
proved, but the cost effectiveness of the autome-
bile systems are not dear.

Commercial aviation maintenance is performed
by the users. Aidines and repair stations do not
have the resources to undertake major develop-
ment projects. Manufacturers have resources but
insufficient motivation since they are not the
primary maintainer of aircraft. Built-in Test sys-
temsarean exceptionand BIT will continueto be
enhanced by manufacturers.

The per user cost of hardware stands at $3-5K.
Although it is somewhar a function of utility, the
margins in maintenance operations are not likely
to support systems for every technician until
syster costs are under $100 per user. Acceptable
costs are somewhat more at the supervisor level,
but not more than $1000 per supervisor. Expen-
sive equipment is often purchased to comply
with regularions, but there seems to be no reason
to regulate the use of JPAs.

Benefits of JPAs are primarily intangible.

Experience shows that useracceprance isdifficult
to achieve. The reasons vary from poor rian-
machine interface to a lack of urility, Contrary to
conventional wisdom, distaste for technology
was ot a major reason for lack of user acceptance.
Systems that did not facilitate the maintenance
effort were not supported.

Hardware and software technologies advance so
rapidly that fielded systems become obsolete over
arelatively short period of time. Once an organi-
zation commits to using the systems, It is very
difficult to avoid the expensive temptation to
track technology changes.

Maintenance operations are still trying to inte-
grareand justify automarion systems implemented
in the last decade. There seems to be litde cager-
ness to start a new phase.

“There areat least a dozen systems now looking for
commercial maintenancesponsorship, nonehave
found one.

10) Theaurrent approach tomaintenanceiswerking.
Aslongas JPAsare not mandated by regulation or
warranted due to a lack of capacity or manpower,
there is little reason ro try something new.

11} The wtility of the systems is not dear. The types
ofinformarion needed in maintenance arediverse
and difficult to quantify. In the time it takes to
enteraquery intoacomputer, most questions can
be resolved by talking with an experienced co-
worker.

12) There arestill enhancements possible in aviation
maintenance through more effective use of exist-
ing resources, in particular human resources.
‘Thus, there is lirtle motivation to introduce new
systemns with new unknowns.

A few applications did seem to have potential. One was
the use of expert systems ro document the knowledge of

rienced technicians that are retiring. These systems
can be feasible if they are done for very specific applica-
tions. There are also opportunities to field technologies
thar gwe technicians better knowledge of the “big pic-
wre.” Knowledgeabout the performance of the organiza-
rion, pnor'tles, successes, and anticipated workload does
not aiways reach the people who actually work on the
aircraft. This information, which is already used by man-
agement toassess the overall operation of the maintenance
organization, would be useful toa rechnician on the floor.

543

The enthusiasm about technological solutions to human
factors problems revolves around the growing capability
of information processing technologies. The fact that
computers are becoming more powerful, smaller, and less
expensive is widely covered. Computer processing speed,
often measured in millions of instructions per seco
(MIPS}), has doubled every three years for over twenty
yeass. The price of each MIPS falls as more and more
circuitry can be integrated on asingle chip. Thecomputer
industyy, in a very shon time, has become one of the few
wrillion dollar industries that exist. It is safe 5o say the
capabilities of computers will continue o increase, but
additional considerations are necessary before it can be
concluded that aviation maintenance needs more com-
puters.

% Camputers and Microprocessors

Abasic understanding of how computers operate is uscful
in assessing where they can be applied. While the process-
ing power of computers has increased many orders of
magnitude, the architecrure and the basic operation of
computers has seen litde change since 1946 when math-
ematician John von Neumann proposed a “Logical De-
sign of an Electronic Computing System”. He introduced
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Example Development Cyde
Rank Description % Total Time

1. identification of nieed -
2. Feasibility study 3%
3. Development plan and schedule 2%
4. Definition of user requirements 15%
5. Definition of user requirements 10%
6. Initial systermn deveiopment 3%
7. Small scale demonstration 2%
8. Small scale test and evaluation 3%
9. Final systemn development 22%
10. Instaliation 10%
1. Final integraiion- making changes to obtain user acceptance  30%

Note: Steps are in order, but are iargely iterative

Table 5.4 Development Time Frame for IMIS

the concept of stored programs and an architectural
structure that remains the basis of computers today. This
archirecture has some basic features:

* Single Memory
* sequentially addressed
* common storage of darz and program
* unidimensional
* No hardware distinciion between data and

instructions
» No hardware meaning of data

When von Neumann proposed his architecture, many
hardware limitations shaped his decisions. These con-
straints no longer exist, but his architecture has persisted.
There is considerable momentum building in the area of
parallel compuring, but even this effort isbased on parallel
von Neumann architectures. Theprincipal reason forthe
persistence of this architecture is the need for backward
compatibility. In other words, the need for old programs
to run on new computers. During any given generatior:
of computers, there is a considerable investment in soft-
ware. It is undesirable to lose this investment every time
a new computer is fielded.

The reasor for raising this issue is that a computer’s
architecturedrivesitsinherent funaionalityand theamount
of software effort necessary toachieveother functions (.e..
not processing speed). A primary characteristic of the von

Neumann architecture is its generality. All application
characteristics must be specified in the software. This is
true o matter how many MIPS a particular generation of
computers can claim. One example is the constraints
related to memory allocation. Computer programs must
explicitly account for all anticipated memory needs. ifa
description is going to be associated with parts in a parts
tracking application, a field must be defined for the
description. Thelength of the field is fixed in thesoftware,
for example, perhaps 20 characters. Once this is done, 20
characters worth of memory will be allocared for every
description. Even if a part has a short description, it will
be stored with 20 characters worth of memory. Ifa part
has a particularly long description {perhaps longer than
anticipated during software design), its description still
has to be limited to0 20 characters. Additional flexibility
could be achieved by setting aside 40 characters of memory,
but memory is expensive in terms of purchase price and
slowing down processing rates.

Even more important than memory ailocation is the
processing limitations associared with the Von Neumann
architecrure. It is often noted thar computers process 1’s
and O’s, but what does this really mean? The 1’sand 0’s
represent numbers in binary format (ie.. 0101 is equiva-
lent 10 5). Al of the processing done by the computer
revolves around manipuiating binary numbers. Thereare
only 2 few ways in which numbers can be manipulated by
computers. ’sand 0’s can be added rogether, compared,
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decremented {or incremented), shifted (left or right),
transferred and accessed from memory. Other arithmetic
or logical functions can be achieved by adding several
flavors of memory and instructions for combining the
basic operations. Using these basic functions, computer
PIOZrams can carry out an enormous variety of applica-
tions. However, the point is that computers only work
with numbers, and thete are inherent limitations to the
non-numerical capabilities of computers. The numbers
being manipulated might represent “numbers”, but nor-
mally they represent various elements in the application.
Computersdo netinherently “know” anything except the
meaning of numbers, as a result, everything else needs tc
be explicidy predefined in the software. For example,
computers might represent an aircraft with the number
37859 and a wing by 98843. if the applicarion requires
knowledge about the relationship of aircraft and a wing,
this must be explicitly stated in the software by vther
numbers. In contrast, the representation of aircraft and
wings urtilized by humans inherently represents their
relarionships. Once a human understands the meaning of
“air -raft”, they inherently understand wings. Therein lies
the fundamental weakness of computers: everything and
all refationsbips must be explicitly defined. This is notto
say that all relationships cannot bedefined, but that deing
so is very often an enormous undertaking.

The result is that Iess expensive, more powerfu! computer
hardware does not necessarily warrant appiication of more
computers in aviation maintenance. The largest wk
involved in applying computersisindeperdent of process-
ing speed, it is explicity undcrstanding and documenting
ali of the information needed to accomplish the applica-
tion. New techniques being are identified to facilitarethis
process. Standards are increasingly being established o0
facilitate the reuse and porability of software. Computer
Aided Software Enginecring (CASE) tools are further
increasing the productivity of programmers. Artificial
Intelligence is an example of a software technology that
makes efforts to develop human reasoning applications
more productive and well defined. Expert System and
Database technologies also fall into the category of ap-
proaches to make the software process more productive.
Nene-the-less these technologies do not change the fun-
damental need 1o define all application elements and
relationships explicitly.

Solutions based on computer technology must also ad-
dress security, configuration, and the threat of computer
viruses. Passwords u.sual!y provide sufficient secuity, bu
conﬁguratlon canbea major chal!enge The primary issue
is that, once a program is written and distsibuted to
different locations, each locarion can make changes in the
software. The result is a variety of versions of the software
and some confusion. As a result, it is normally necessary

10 have 2 configiimation manager to track the integrity of
the code. Computer viruses are more of an unknown.
These are software programs that can sabotage applica-
tions and stored information. Viruses are primarily a
problem for computers that communicate with remote
locations, but the possibility of overt or accidental con-
tamination is always pessible. Techniques and expertise
exist to address these issues, but all of these issues represert
additional considerations involved in computer applica-
tions.

5.4.3.3 Artificial Intelligence

Anificial Intelligence (AD) has achieved “buz word”
status, 2nd is frequently advocated as the heart of automa-
tion systems of the future. A]though Al has not produced
a machine that can think, the field has developed several
new software development techniques. Expert Systems
are the most successtu] example of these techniques. The
aim of research in Al still includes the pursuit of machine
intelligence, but for practical purposes, few believe thiswill
be achieved any time soor:. Al does have some applica-
tions in aviation maintenance, but it is impostant that
these efforts are initiated without any illusions about
machines becoming intelligent. Al is warranxd if an
application would benefit from “human-like” reasc ning,
Al provides a structured methodology for incorporating
this reasoning into programs. Remember, however, that
ail elements and relationships must be specified, comput-
ersdo not have intuition. Itis helpful to keep thisin mind
when assessing the feasibility of 2 particular activity. The
more information (knowledge) necessary to carry out the
application, the more complicated. time consuming, and
expensive the project will be. This includes knowledge
that seems obvious to humans, such as the relationship
between an airplane and a2 wing, Nothing is obvious 1o
computers!

The field of Arificial Intelligence has developed struc-
twured methodologies for accomplishmg several types of
capabilities. There are ted *hnigues for voice recognition,
speech understanding, computer vision, text understand-
ing, robotics, and decision aiding. Researchers continueto
work on automatic programming and learning. All have
capabilities far short of humans and require major devel-
opment efforts. For the most part, it will remain economi-
cal to utilize humans for applications that require human
capabilities.

5.4.3.4 Expert Systems

Expert Systems now enjoy wide popularity. Expert
Systems achieve intelligent funcionality in a straight
forward manner. They are based on “if-then” rules. For
example, “if the object is 2 747, then &t has wings”. The
heartof expert systemsare rules tharaddress every relation-
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ship of interest in the application. While the concept
soundssimple, developing an effective approach to imple-
menting these systems took considerable time.

The process is now facilitated by the use of software
packages called “expert system shells”. Developers no
longer need to spend lasge amounts of ime coding the
structure of the expert system. These packages normally
contain development environments that facilitate build-
ing the knowledge base and designing a user interface.
There are many shells on the market to suit different
needs, but large complicated expert systems are often
customized. Shells have limitations of functionality and
flexibility, but therc are few (if any) aviation maintenance
applications that can be implemented cost effectively by a
CUSIGM EXpeTt System.

When a shell is ucilized, roughly 50% of the effort is
planning and documenting the knowledge to be repre-
sented by the expert system. Figure 5.1shows the overall
structure of an expert system. This process requires two
kinds of people, one is frequendy Iabe!ed the “knowledge
enginect” and the other is the domain expert. It is the
knowledge engineer’s job to develop the nules thar wili be
the basis of the expert system. This isas much of anartas
ascience, sinceit is never possible 1o besure theknowledge
iscomplete. Domain expertsdo not readily think in terms
of explicit rules sothese need 1o be drawn from answers 10

questions. Expert systems can not be developed from
technical manuals, live experts ate needed. Much of the
power of an expert’s knowledge is in terms of nuances thar
are not contained in manuals.

The process starts by assessing the types of issues thar will
be encountered by the final produat. Likaly scenarios are
identified, and the expert is asked how they might respond
toa given scenario and why. The difficulty is thar there is
no way of knowing for sure if all scenarios the operational
expert systemn will experience have been addressed. Thus,
it is never possible to know if the rules obtained from the
expert are sufficient. Unfortunately, as with most com-
puterapplications, changes once the system is operational
are not casy. The reason is that rules entered into the
program are written in terms of models of the system and
possible interaction between the elements of the systemn.
Adding 1o the existing rules is not 2 major undertaking
bur, ifthemodel mustbe changed, itcan have implications
for many rules.

Itis ~o7 pussible to know how the system will respond in
an operational environment because only known sce-
narios can be tested. This uncertainty eads to a critical
criterion for determining the feasibility of an expert
system. The problem has to be very well defined. The
success of the project will be further jeopardized if the
problem is not rigid and changes during the project cycle.
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Figure 5.1 Expert System Diagram

117



Chapter Five

The final expert system is usually implemented with a
menu interface. The user navigates through the system by
sclecting items on menus. Dama is entered in a similer
manner by selecting one of several passibilities offered by
the computer. The interfaces are becoming more graphi-
cal and intuitive, but the computer still only understands
numbers. The software associates each dement in the
menu with a number. For example, if the observarion to
be considered is that there is a “blue stain on the fuselage”
it would be too difficult for the software to associate a
number with each of the words. In addition, there are
numerous ways in which the same message can be con-
veyed in natural language. This problem is avoided by
creating menus of options, each of which is assigned a
number. This isan additional limiting factor, since it may
not be possible to know ahead of time all of the possible
corditions that should be addressed in menus.

Once an initial question is asked by the user, the expent
system will prompt the user with questions until it has the
informaticn necessary to satisfy the rules. Therulesin the
expert system are normally given associated confidence
factors. For example, if two conditions exist there is some
amount of confidence that a third condition adsts. This
information is presented to the user along with condu-
sions and the list of rules that were applied 10 reach the
conclusion.

One of the steps of expert systemn development is the
thorough doarmentation of knowledge in a particular
area. This can be a useful producr in itself if an expert is
nearing retirement. This is not an unusual situation, since
the expertise we value most is that gained over a life time.
The aviation maintenance industry is facing the rexire-
ment of a large percentage of its work force over the next
decade. Expert systems might be warranted in some
specific, well defined areas.

5.4.3.5 Databases

There is 2 science to collecting and mainwaining informa-
tion with computers. The primary task is to ensure that
information will be readily accessible when it is needed.
Numeroussoftware packages are available to facilitate this
process for mast applications, including packages specifi-
cally designed for aircraft maintenance. The wsk of
database development involves three steps. The steps and
percentage of total time required are listed below:

Planning 30%
Implementation 60%
Dara enuy 10%

The most deterministic step is the dara entry effore. If you
can assess how long the darta entry wiil take, it gives you
some idea of the magnitude of effort involved in the other

steps. Theimplementation stageisa matteroflearning the
particular software package involved and carrying out the
steps required. The planning stage is the most critical and
the least defined. Databases are essentially made up of
numerous small databases with links between them. The
planning process involves predicting the characteristics of
all of the types of information that areto beincluded in the
database. In addition, all the possible uses of the informa-
tion need to be known ahead of ime. This is usually done
by developing input screens and reports with the help of
the user.

The person that enters information into the database,
enters information into one or more fields. These ficlds
correspond to the possible classifications of the informa-
tion. The fields explicitly link the new informarion to
informatior aiready in the database. For exampie, a
maintenance database might have a field for part number,
aircraft type, part description, quantity available, or other
designations. The number of ways information can be
accessed is a function of the number of fields, but each field
takes data entry time and the number of ficlds should be
minimized. The final database is the developer’s interpre-
tation of the user’s needs. For the interpretation to be
accurate, developing a darabase requires careful commu-
nication between the user and the developer.

As with other efforts to implement technological solu-
tions, it makes sense to start small. A demonstration
database should be built to test assumptions and obtain
additional input from theuser. Databases can not be essily
meoditied once they are complete, so it 1s important thar
the process not get too far zhead of the user (Le.. entering
vast amounts of data without obaining user acceptance of

the approach).

"There are other considerations once the database is com-
plete. Data entry should be carefully controlled to main-
tain the integrity of the information (ie.. two people
entering different versions of the same information).
Once again, major applications are likely 1o need a
specialist to support and maintain the database.

5.4.3.6 Peripheral and Supporting
Technologies

Storage medin. Data storage is currendy accomplished
with magnetic and optical technologies. The vast majority
of memory devices use magnetic technology, for example
floppy disks, hard disks, tape, cassette, and most main-
frame memory peripherals. The major advantages lie in
its cost, physical size, power requirements, and speed in
accessing data.  Industry manufacturers such as Conner
Peripherals, Seagate, and Toshiba continuously identify

enhancements.
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Optical Technology, which is used in compact disk read-
only memory (CD-ROM) and write once read many
(WORM) systems, is relatively new. The major advan-
tages of optical storage technology is its large capacity and
the relizbility of the data (i.e. it is not as susceptible 10
magnetic fields or physical contz.mmanon) The major
disadvantages are in data access times which are long due
to dara file format and the lack of standardization found
in WORM technology. Inaddition, thehardwareismore
expensive than that used with magneticstorage mediums.
The advent of rewriteable optical storage based on mag-
neto-optical technology, may increasethe utility of optical
systems.

Input methods. Thekeyboard remainsthe primary input
device for computers, however, a number of other options
arcbecomingavaﬂablc. Theseincludetouch-screen, voice
recognition, mouse, bar code readers, stylus and hand-
writing reccgnition software. Touch-screen is currently
used in applicarions such as manufacturing environments
where keyboard input is not feasible. It is mainly inte-
grated in CRT displays with some use in flar-panel
displays. Voice recognition systems have made consider-
able progress to the point where vocabularies of 60,000
words have been achieved. The systerns are probably still
not practical for the maintenance enviror..nent for cost
reasons, their tendency to require words to be repeated,
and the problems caused by extraneous noises. Dataentry
by mouseor joy stick is relarively routine. Barcodereaders
are finding increasing application. TWA uses bar code
technology to track labor and parts. The first cornmerdial
portable computer to accept handwritten input is ex-
pected in December 1991. The hardware for this system
will cost around $5000 and there are a numerous con-
straints about how the handwritten inputs are made;
however, handwritten input may eventually be useful for
specific maintenance activities.

Outputmethods. Thereare several display technologies,
induding Cathode xay Tube {(CRT), Flat-panel, and
miniature displays. CRT display technology has pro-
gressed from monochrome, low resolution displays to
multi-colored, high resolution systems as the industry
standard. Current trends indicate resolutions will con-
tinue 1o improve for greater picture quality. Flat-panel
displays offer a low-profile alternative 1o the CRT. The
three major technologies offered in flat-panel displays are
the liquid crystal display (1.CDD), the gas plasma display,
and the eleatro-luminescent (EL) display. The major
challengein developing thesedisplaysistomakethescreen
readable in virtually ail lighting conditions, at high resolu-
tions, and produce it at reasonable costs. Currently this
fiexibiliry is still dusive. This is complicated even further
if a color screen is desired. Currently, displays are being

produced in all three technologies with the LCD technol-
ogy dominating most of the flat-panel market (i.e.. for PC
laptops.)

A flar-panel display technology currently under develop-
ment is called field-emission displays. They take advan-
tage of the basic principle of the CRT, bur rather than
using a bulky, high volrage electron gun, it uses 2 micron-
size cone-shaped structure called a “field-emission cath-
ode” which can produce the same results as a CRT, at
much lower voltages.

Adisplay developed by Reflection Technology called the
“Private Eye” is worn by the user on 2 headset. It is a
miniature display (1x1 inch) that is placed in front of the
usersdominant eye, and creates the illusion of a fuil (10x12
inch) display. It costs around $600, but it is not yet
practical for aviation maintenance. Use of the system
demonstrated that the head set is awkward and keeping
the display in the nght location for viewing requires
constant attention. In addition, looking at the display for

any length of time becomes uncomfortabie.

Printersincrease in quality and becomeless expensive each
year. Printers remain the principal form of computer
output. Voice synthesis as output has found some appli-
cations in telecommunication systems, but are as yet too
expensive and inflexible to be applied in more than a few

aviadion maintenance activities.
5.44 Implementation Guidance

5.4.4.1 System Integration
This section relates lessons leamed from a decade of

implementing technology in aviation maintenance and
other applications. Technical functionality is normally
the focus of development efforts, but experience demon-
strates that Human Factors issues are the principal barrier
tosuccess. Humans remain the engine for most complex
systems. For example, even automaric test equipment
(ATE) is dependent on humans for planning, design,
manufacturer, installation, and maintenance. Alrcraft
maintenance in thirty years will be different than today,
and automarion wiil cerrainly have a larger role. The
question is how do we get 1o that future system with a
minimum oftrial and error? Theanswerseemsto favorthe
“torteise” over the “hare”. Development efforts in the
1980’s demonstrated that implementing new technolo-
gies is an expensive and largely experimental process.

Onerall, the findings indicate that unless an organization
has the resources to experiment with technology, itshould

wair for others 10 work out the “bugs”. I a system
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development projectis undertaken, itshould bedonewith
“eyes wide open” and not based the fact that it is “techrio-
logically feasibie”. There are numerous lessons to be
learned from past efforts on this account. Finally, it our
finding that for the foraseeable future, humanswill remain

central to maintenance, and implementation of technol-
ogy should be centered on supporting human activities.

5.4.4.1.1 Planning an Automation System

There are numerous reasons for needingasystemand even
morefunctions thesystem can perform, butonce manage-
ment recognizes the need for a system more details need
to be considered. Tzble 5.5 list the typical steps in a
feasibility study. Many early systems were developed
without sufficient input from the end user and, in some
cases, the final system was rejected (or ignored) by the
users. Maintenance organizations are now very sensitized
to the importance of incorporating user requirements.
Large airlines have internal data processing departments
and some large and small airlines use consultants to help
in system development. The process requires a close
working relationship between user and system developer.
Often user organizations are surprised tolearn that system
development requires the full-time involvement of one or
more staff members, and the part-time involvement of

many staff.

Once ateam has been assembled from the two groups the
planning can begin. Three types of information must be
obtained during the planning process. The first is deter-
mination of system requirements and the functions the
system will perform. The objective might be to comput-
erize the current system, in which case research is probably
needed to identify existing types and flow of information.
Requirernents might also go beyond the current system in
specific areas. It was noted thar ineffective manual
approaches remain ineffective when done ona computer,
thus existing approaches should be carefully scrutinized

re they are computerized. The requirements process
might also involve a number of visits to different locations
te assess what others have done.

Once the requirements of the system are determined, the
approach for implementing the requirements is devel-
oped. Naturally, itisdesirableto build on existingsystems.
Theapproach should be divided into modules that can be
developed and fielded incrementally. Benefits should not
wait for the entire system, each module should add value.
Anticipated screen layouts and report formats might be
identified at this stage. The next step is to bring the
requirements and the design concept together in an
implementation plan.

This is the stage that requires the closest cooperation
between user and developer. Numerous tradeoffs are

Example Feasability Study
Step Description % Total Time
1. Rapid needs assessment 5%
2. Survey of management support & team building 5%
3. Airline analysis- existing verses needed resources 10%
4. Definition of requirements 5%
5. Definition of approach to design 20%
6. Reassess requirements and design with users 10%
7. Justification - benefits 5%
8. Justification - costs 10%
9. Overall development approach 10%
10. Report - written and oral presentation ongoing
Note: The steps are listed in the order that they will be carried out, however,
most steps are iterative in nature.

Table 5.5 Steps Involved in a Feasibility Study
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ziways needed 10 make implementation feasible. Users
need toensurethat priority ofvarious functions areknown
by the system developer. Otherwise, facilitating hardware
and software development will drive trade-offs and the
result may not be acceptable to the user. Once the
planning stage has been completed, it is possible to make
a more realistic assessment of the advan of automa-
tion. Cost estimates should be balanced with promised
benefits.

5.4.4.1.2
The objective may be to implement technology, but the

success or failure of system integration very often comes
down to Human Factors issues. The development task is
basically one of reconciling the needs of two groups. The
groupdeveloping thesystem knowswhat needstobedone
1o achieve a particular functionality. The group that will
use the system knows what functions they want imple-
mented. Unfortunately, approaches that are easier for the
developers often produce unsatisfactory resultsforthe user
and vice-versa. The tradeoffs must be negotiated between
thegroups and there-in lies the Human Factors challenge.
The groups have disparate languages and perhaps even
disparategoals. Thesystem developer is usually judged by
the cost and the rate of development progress, and the
user’s focus is on maintaining aircraft. The process re-
quires constant communication between these groups.
'The user is usually interviewed to determine his require-
ments, but unless there is a constant exchange of informa-
tion, the final product ends up being the developers
interpretation of what the user needs. Thus, a primary
lesson of efforts to date is that there is a need for increasing
consideration of human factors in system design. A
paradigm that centers system integration on humans (end
users and those thart participate in system development)
and not on emerging technologies is warranted. There is
an enhanced awareness of the need to focus on the user,
but the current paradigms still focus on technology.

54.4.1.3

The least expensive approach to implementing technol-
ogy isnottodoitatall. Organizations can get hooked into
competing based on who usesthe most advanced technol-
ogy, but given that the product is aircraft maintenance this
can be an expensive diversion. Implementation of tech-
nology is not the only avenue for addressing the increased
complexity of aircraft maintenance. The research pro-
gram on Human Factors in Aviation Maintenance, of
which this technology study is a part, is designed 1o
develop approaches 1o make more effective use of the
hurnan resources. Peak human performanceisa function
of a number of factors and current management tech-
niquesdo notaddressthemall. Quality Circlesand similar
employee involvement programs werea stan, but there is

Human Factors

Alternatives

a need for additional creativity in increasing worker
production. Aircraft maintenance organizations focuson
the factors that make humans capable of doing the job
(training, tools, support equipment), but many do noz
adequately address factors affecting human willingness to
do tasks (participation in decision making, economic
incentives, recognition programs).

Alternatives should be considered before system develop-
ment is attempied. The availability of new technologies
is not in jself a reason to implement technology. One
facror that characterizes successful use of technology is that
they are in applications where there are no alternatives.
Examples include systems that support on-condition
maintenance of aircraft engines and tracking parts.

5.4.4.14

If there are no alternatives and the decision is made to
implementa technological solution, therearea number of
things to consider:

System Development

1)  Ttisnevereasy the first ime. Ifan application is
particularly suited 10 a technological solution,
there will eventually be numerous off-the-shelf
packages available. If the proposed application is
the first of its kind, beware. Systems are built from
numerous individual technologies for everything
from wire to metal cabinets. The system is depen-
dent on all of these elements working together.
Failures can occur anywhere. Successful imple-
mentation of technology requires explicit consid-
eration of every possible outcome. Once similar
systems have been built, knowing all of the pos-
sible things that can go wrong is easier. Oneway
toaddressthisisto build asmall scale version of the
application and test assumptions,

2)  Usethemostexperienced talentavailable. Noth-
ing replaces experience when it comes to develop-
ing complex technical systems. The experienced
person will cost more hourly, but the job will be
completed much more thoroughly and rapidly. If
experienced help scems to be too expensive, it
should raise questions about whether there is
sufficient resources to undertake the task at all.

3)  Whatever can go wrong will go wrong. Cancel-
inga project because of problems encountered can
be very disappointing and expensive. The project
should not be initiated without recognizing that
numerous difficulties will be encountered. The
difficulties will be proportional to the maturity of
thetechnology and the experience of the individu-
als involved. Installing dedicated ATE from a
manufacturer may have a few unexpecred prob-
lemns, but internal development of unique ATE
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4

5)

which incorporates voice recognition can expect
many.

Requirements should be specific and rigid. In
effect, system development requires predicting the
anticipated use of equipment and the operati
environment. This is nearly impossible as applica-
tions become more general. Avoid thetendency of
requiring equipment to be more general in order
tospread thedevelopment costs across moreappli-
cations. Rigid requirements are necessary, since
changes become more expensive to incorporate s
development proceeds. Figure 5.2 illustrates the
increase in cost as the project proceeds.

The system should be fielded incrementally.
Eack elementshould add value, and thechangesto
the currentapproach should be madeslowly. This
permits an ongoing process of evaluation and
enables users to provide inputs and becomeaccus-
tomed to the system. Waiting until all resources
have been expended is not a good time to discover

the success or failure of a system.

Assume technology will continue to change.
The three or four year cycle needed to implement
technology correspondswith the threc or fouryear
cycle in which major new technologies are devel-
oped. The result is that by the time a program to
implement the last generation of technology is

done, a new generarion of technology will be
available.

54.4.1.5

Automation system development is normally controlled
by data processing personnel. The users will usually assign
One person to JCt as a liaison to insure their interests are
incorporated. Problems can arise in several areas. Tech-
nological considerations that simplify system design are
often incompatible with features that simplify use. The
computer’saffinity for numbers versus human affinity for
symbols isin constant conflict. Unless the design team has
considerable experience in the application area, they very
often underestimate the effort required. When deadlines
approach, user requirements are vulnerable.

Maintenance Automation

Neithergroup may haveastrong understanding of human
factors considerations, and human factors specialists are
often not a part of the design team. Approaches that
fadlitate the incorporation of human factors exist and
should beconsidered. The MANPRINT (manpowerand
personnel integration) program at the Army has devel-
oped avery specific process to incorporate human factors
considerations in system integration of large systems.
They have also accumulated over 70 resources that are
available for addressing human factors, including the
following (Booher, 1990):

¢ Analytic Techniques

*» Computer Software

* Data Bases

* Handbeoks/Guides

* Military Standards/Specifications

It Pays to Detect Software Errors Early
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Figure 5.2 Cost of Correcting Software
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Maintenance data processing profcssmnals and managers
learned the foliowing from experience:

Ensure user involvement and support during al}
phases; there should be no surprises in the end.

It might even be necessary to ensure the users have
a realisticknowledge of the challenges of the process

o avoid excessive expectations.

Do not chase the Jatest technology, and be conser-
vative on the number of functions automated.

The definiticn of the functions automated should
be very precise.

Design in: flexibility and anticipate future needs.

Build the system in an incremental manner where
each module can return value as sovon 2s it is
complete.

Do not lose sight of the fact that maintenance is the
mission of interest and compurterization shouid
not become an end in tself.

Theoriginal justification ofautomatien systerms can
be lost in the “heat” of implementing the system.
Evaluarions and expectations should be verified on
a continuous basis from proposal throughout the
life of the system.

544106

It has not been productive to compel humans to use
automation systems, thus success depends on obtaining
user acceptance. The problem does not seem to be a
general reluctance to use technology, but resistance to
systems that do not kave adequare utility. System devel-
op«rs are now well sensitized to the importance of consid-
ering the user, and will always claim advocacy of user
needs. The problem is that addressing the users needs is
not easy, 2nd simply asking users what they want rarely
suffices. The users know and understand the current
approaches for getting the job done, but not to thelevel of
detail needed for computerization. Inany case, if the most
appropriate approach ic different from the current ap-
proach, users may not be the best source for requirements.
The criterion of “user friendly” might suffice as an objec-
tive, but is 1o vague to be a useful design criterion.
Developing a system that addresses user requirem. nts is
difficult not only because user requirements are hard to
define, butbecausetechnologies can only beimplemented
in a limited number of ways. Implementation must be
accomplished within a long series of constraints.

User Requirements

Achieving user acceptance requires system developers to
take a broader view of design objectives. Thesystern must
be designed to achieve functionality so that the human is

capable of using the system to achieve a task, but addi-
tional considerations are necessary before hum..ns will be
willing to use the system. Much can be accor .siished by
simply asking, as long as the developer is willing and able
10 give priority 1o even seemingly minor considerations.
The design should account for the foliowing:

Conrrol should remain with the user. Humans are
naturally uncomfortzbleinsituationswhere they do
not have co—iro) over progress. In most cases this is
not just Wi n, bur the frustration that results
from identifying 2 more efficient approach and not
being able to enact it

aining user input shouid be more than a onestep
process at the preject’s beginning. Cften users don’
know what they really want or need and don’tknow
what s possible. User in put must be an interactive
and iterative process explicitly scheduled ana ovalu-
ated throughout she development stages. Involve
usess in the decision waiting process when consid-
ering alternatives and options. Let users test the
propased system and see if they realiy like the
approach. Gften the w.er does not, {or reasons they
were unable to predict from a concept description.

Humans should not be expected to assimilate vast
quantities of data or information. Computers have
the capability to ke-p vast amounts of information
on-line, but the information shouid not be pre-
sented to humans all at once.  The chailenge of
serving as a source of information is not just to
provide access, but to provide rapid access to needed
information and nothing more.

Singledata cntryshould serveall Il pars of the system.
Dara entry is a “bottleneck” for computer based
systems and is made worse if disparate systems can

notsharedata. Applicationsthatareinputoroutput
intensive should be avoided.

Systems should provide tangible benefits for the
work force. It seems obvious, but there should be
someclearbenefitin using thesystem. Ifthebenefies
are in terms of greater profitability of the organiza-
tion, then that should be communicated to the
users. Humans are naturally reluctant 1o use sys-
tems that increase their workload with no dear
benefits.

Computers should serve humans. Computer sys-
tems depend on humans for data entry, mainte-
nance, and upgrades, 50 it can start to be confusing
who is serving who. Humans usually need to adapt
their approach to fit the computer. The use and
benefits of computer systems should be dearly
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stated and clearly demonstrated, so that humans
will know why they should want to adapr.

Users should be allowsd to optimize the system.
System development may end with a working
system, but there are always enhancements to be
made. Users arethe best source for identifying these
enhancements.

There are several general considerations that apply 1o
technology in commercial aircraft maintenance:

Cost - few maintenance organizations can afford to
pay for thedevelopment of new technology applica-
tons. Some can afford 1o purchase systems devel-
oped by others. In any case, the vision of every
technician walking around with a portable job
performance aid is some time off, unless the benefits
become more tangible. A system that provided
access to maintenance manual information would
be worth less than $100/technician in tangible
benefits.

Hostile environment - technology is
fragile, and making it durable can be
expensive. While most maintenance
activities are not greasy or done in the
rain, things do get dirty or dropped.
Experience-with microfilm readers and
computer terminals demonstrates du-
rability is important.

Information needs of technicians- the information
needed by technicians is not easily quantified. Itis
not simply a matter of placing technical manuals
on-line. Technicians need numerous types of infor-
mation:

* Location of tooling and fixtures

* Work completed on previous shift
* Location or arrival time of aircraft
* Relative urgency of repair

» History of particular aircraft

* Remote effects of local actions

« Alternative repairs

* Procedural nuances

Portability - given current per user costs, it is likely
that systems will have to be shared berween many
technicians. As a result, they need only be located
in 2 central location.

Graphics - Graphics are expensive to display and
store, so there is some motivation to minimize
them. However, illustrating what has to be done is
much moreeffectivethan text instructions, sograph-
ics are essential to user acceptance.

Training - All new systems will have implications
for training. These should be anticipated and
planned. ‘Training will have initial and ongoing
elements.

55 RECOMMENDATIONS
5.51 Oveview

This research is part of a larger research program on
Human Factors in Aviation Maintenance Inspection.
The interest is in strategies for enhancing current practice
that might not be apparent from the perspective of
maintenance professionals performing their day-to-day
duties. The recommendations that followarebased on the
first phase of Job Performance Aid research. The last two
phases of research will demonstrate, validate, and develop
approaches to implement the recommendations.

5.5.2 Recommendation 1

Make more effective use of human resources and realisti-

cally examine the utlity of technology.
5.5.2.1 Description

Additional consideration should be given to approaches
that use human resources more effectively before new
technologies are implemented. The process of fielding
technology is largely experimental, and although initially
appealing, it often requires more resources and produces
less satisfactory results than anticipated. Fielding technol-
ogy is important for long term competitiveness, but itisa
longand expensive process. Itis nota practical alternative
to making more effective use of human resources today.
Management of human resources should use a broader
perspectivewhen considering the issues involved in artain-
ing peak human performance. The current focus is on
elements that make humans capable of performing the
work, but there are other considerarions such as obtaining
their willingness to do the work:

* Clear and concise goals
* ownership
* cooperation
* Job satisfaction
* recognition of contribution
» realistic expectations
* adequate working environment
* Respect, trust, and loyalty
* Competence
* physical
* cognitive
Fewwould admitto placing more faith in technology than
people, but the research demonstrated thar low faith in the
capabilities of humans was a large part of the motivation
for system development. There is some discomfort with
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addressing issues such as job satisfaction, and technology
appears to be more predictable. However, if humans are
used more effectively and technology is viewed more
realistically, a different picture arises.

Research in this area and others addressd by the Hianan
Factors in Aviation Maintenance and Inspection Re-
search demonstrared that there isa porential for increasing
human performance in aircraft maintenance. The un-
tapped potential of existing human resources should be
utilized and existing technologies should be completely
integrated before new systems are fielded. Experience
demonstrates that each new system introduces unknowns
inte the maintenance process.

5.5.2.2 Interveations

Maintenance managers are often too busy meeting the
demands of the day-to-day maintenance effort o have
ritncforrefiection on 2lternativeapproaches tomaker wie
effective use of human resources. Changes can not be
initiated bottom up, and no ore person can change the
philosophy of an organization. Affecting changes will not
be casy. The Human Factors i Aviation Maintenance
rescarch effort is designed to increase awareness from the
ropdown. Onceitis recognized that further consideration
of human factors might provide avenues o achieving
more effective use of human resources, the next step is to
test the idea. A pilet program can be initiated 1 provide
2 model of how human factors can contribute 10 the
maintenance effort. Perhaps work on a particular type of
aircraft or particular shop can serve as the test case. The
effort should be carefully planned and the expected ben-
efits should be tangible to indude the following:

Reduced turn-around time
Increased quality
Reduced parts costs

5,53 Recommendation 2

Avoid user acceptance and system utility problems by
centering system developmerit on humans.

5.5.3.1 Description

A decade of user acceprance problems has led to an
enhanced sensitivity of user needs. No developerwill risk
being perceived as insensitive to the user. However,
sensitivity does not mean developers know how 1o effec-
tively incorporateuser needsin system design. Iniplemen-
tation of technology is still easier if che user is ignored.
Developers need the expertise, resources, and staying
power to end up with 2 system that is comparible with
humans. The experuse exists, but a shift in thinking is
needed to insure future systems will be accepted by the

user. The perspective needed is one thar centers system
development on humans.

Many claim to work dosely with users during system
developmerst, but not all are successful. Implementation
decisionsstill tend tobedominated by agiven technoiogy’s
facility for achieving 2 given function. For example, most
on-linc work card systems do not incorporate pictures of
the task described, because graphics are memory intensive
and much mere difficult to create than text. Perhaps,
work-arounds can be identified such as pasting in graph-
ics, after the facy, but this leads 0 other difficulties. For
example, if the graphics and text come from two sourcss,
the terminology may not corzelate sufficiently. A system
developrment perspective centered on humans might lead
t0 a decision to hold off putting work cards on-line unril
pictures can be adequately incorporated. Care should be
addressed 1o dlements tha: seemn to be minor inconve-
nicnces. Pans are no fonger tracked by their name and
description, but by numbers. If two parts look similarand
have similar numbess, rechnicians might use a pan with-
out taking the time to track down the descriptions that
indicare why the parts are not interchangeable.

In other words, once the condusion is reached that more
effective urilization of humans is not sufficient for a
parcicular problemn and a rechiology solution is war-
ranted, humansshould notbe forgotten. So far thereisno
structure to insure this. This process can be facilitared by
establishing up front that humans (users) are moreimpor-
tant than technology. The process should revolve around
helping humans maintainaircraft, and not the existenceof
a particular emerging technology. Tradeofls during the
development process shouid carefully consider the rech-
nological alternatives for increasing the utlity of the
system for the human users, and should not bedominated
by eliminating functionality simply because it is rechni-
caally inconvenient to impiement. The reverse is also true;
functions should not be added because they are techino-
logicailly convenient. Developers and users should have
shared goals.

5.5.3.2 Interventions

Bocing Corporation has taken the step of assigning a
maintenance expert 10 2 leading role in the developmenc
of their next generation aircraft (Boeing 777.) This
individual has the dout to insure that ease of maintenance
is a primary consideration in system design. Boeing was
motivated to do this to increase custormer satisfaction with
their product. Equivalentsteps can betaken inany system
developmenteffort. Ttisa marter of establishing from the
top down that consideration of the user is paramount. If
technology has not progressed enough to provide an
approach that will provide the functionality needed by
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humans, the development project should not be started
untii it does.

The Army’s MANPRINT (manpower and personnel
integration) program provides the largest scal~ demon-
stration of how human factors can be incorporated in
system integration Booher (1990). Their program inte-
grates consideration of human facrors into the many
phases of the acquisition process (request for proposal,
proposal, award, design, implementatio, test, and evalu-
ation} Consideration of human factors is a primary
component in the award of contracts. For example, 2
soldier’s lack of skills can not be faulted for system failure
during test and evaluation. Designers are aware of the
soldier’s skills during the entire design process, thus there
is no room for this justification. The initial apprchension
of contractors about a heavy focus on human factors is
usually diminished by the end of the process, and the
results have been excellent. For example, the tools re-
quired to maintain one type of engine was reduced from
140 specialized tools and fixtures to a litde over a dozen
that can be found in most homes.

5.6 CONCLUSION

The condlusion of the research is that Job Performance
Aid Technology is less marure and more expensive than
generally accepred. Developing applications for new
technology is important in the long term, but in the short
term it should be secondary to increasing the effectiveness
of existing resources, in particularhuman resources. Tech-
nology should continue to be applied in areas where there
is no alternative. Ifa technological solution is chosen, the
development process should center on humans. Most
implementation efforts to date were successful in achiev-
inga promised technical functionality, but few performed
satisfacrorily with the human user. Additional attention
should be addressed to human facrors in the development
effort (Le.. communication between developersand users)
and human factors in the application {(Le.. user require-
ments and compatibility).

This is not the conclusion anticipated when the research
was initiated. Itwas expected thar asurvey of technologies
and Job Ferformance Aids would identify numerous
systemns that could make important contributions to
aviation maintenance. At most, it was anticipated that
some additional guidance might be needed in the design
of the man machine interface. The research rapidly
demonstrared thar while projects were initiated with grear
expectations, few sponsors claimed the final product
would have a major impact orwere actively pursuing new
development efforts. This is not 1o say there were no
bright spots, as some programs such as the Air Force’s
Integrated Maintenance Information System (IMIS) can
serve as models for future efforts. Efforts got into trouble

when they underestimated the magnitude of the under-
taking or tried to implement technology in place of better
utilization of humnan resources. Increasing the efficiency
of human resources is a jot more appealing when technol-
ogy is well understood and viewed realistically.

Thecondusion does not refleci thelack of capability of the
system development community, but respect for the
magnitude of the challenge involved in implementing
technological solutions. It isthe complexity of technology
that warrants caution in promoting it as a near term
solution. It is recognized that technology will be impor-
tant for long term competitiveness, however, implement-
ing technolegy isalong, expensive,and largely experimental
process.

The mission of maintenance organizations should remain
maintenance, and managers should not be lured by the
seeming excitement of implementing systems at the lead-
ing edge of technology. No one expects a berter version of
humans to be availabic in the near future, and advocares
of technology can always claim something new and
wonderful is "justaround the corner.” However, commer-
cial maintenance organizations should be pragmaric and
expect technology to be accountable in the same way
humansareaccounzable- “what can youdo for metoday?”
Organizations should take additional advantage of what is
known about achicving peak human performance. Tech-
nology is good and important, butitis nota “silver bullet™.
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NG. APPLICATION FUNCTION NOTES
1 Mechanical systems Data collection Automatic
2 Materials Parts delivery Electrified-monorail
3 Avionics ATE Fault isolation Automatic
4 Display Remote operation Heimet mounted
5 Avicnics Training for AMT's
6 System Data Data collection Airbourne
7 Engine Built-in -test
8 Avionics Data Aquis. diag. Automnatic, in-flight
9 Tracks JPA Portable expert system
10 Fleet Maintenance Analysis Quantify maintenance errors
11 Scheduling Scheduling Airline developed & automatic
12 APU Detection/isolation Flight-lirie JPA
13 Maintenance Training
1 Hardware Maintenance Expert system
15 Engines On-conditon Airbourre system
16 Components Maintenance
17 ATE Code generation Prototype
18 Engines Diagnosis Software generated prog.
19 Engines Data extraction Vibration data
20 Electro-mechanical JPA
21 Maintenance Structure
22 Components Maintenance Microcomputer based
23 Technical Data Paper transition to Automatic
24 Electronic Cars JPA
25 Trains JPA Portable
26 Oil Analysis Predict repair
27 Tracks Component Efficiency Comm-maint,invent& sched
28 Engines On-condition Portable
29 Avionics Diagnosis Prototype
30 Systems Data
31 Test data collection Fault isolation in-flight & ground operations
32 Maintenance mgmt | Efficiency VAX based
33 Engines On-condition Ground-based
34 Milling Diagnosis
35 Milling Maintenance Telecommunications -based
36 AJC emergencies Respond to On-board diagnosis
37 Autos Support maintenance | On-line diagnostic tool
38 Maintenance Ops Troubleshooting Expert-based
39 Maintenance Ops Organizational COTS equipment based
40 Design Analysis
Appendix

Summary of Jeb Performance Aid Survey
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NO. APPLICATION FUNCTION NOTES
41 Maintenance Ops Organizational
42 Engines Diagnosis Knowiedge-based
43 Engines Trending &
44 Components ATE
45 Oil analysis Maintenance
45 Engines On condition Time & temperature
47 Battle damage Diagnosis
48 Data info IS/RS Field support CD ROM-based
49 Components Built-in-test Cn-board equipment
50 Flight control Diagnosis Imbedded sensors on A/C
51 APU Data
52 Hydraulics Diagnosis A/C hydraulics
53 Gates Response Expert system
54 Engines Monitor Integrated
55 Systermns Diagnosis Expert system
56 info Info & diagnosis Portable
57 Ins Fault diagnosis Expert system
58 ATE suppott ATE Expert system
59 Engines Diagnosis Integrated
60 Systermns Diagnosis
61 Maintenance Technique
62 Systems Data/ analysis
63 Data Link integration Display based
64 Engines Diagnosis Uses input from TEMS &
65 Logistics Analysis Computer model
66 Engines Diagnosis Automatic, real-time
67 Flight Data Data recorder
€8 Hydraulics Inspection Prototype
69 Logistics Planning
70 Trucks info CD ROM-based
71 Engines Fault isolation On-board
72 Maintenance History
73 Avionics Troubleshoot Ai-based & portatle
74 Maintenance data Monitor Data-buses
75 Maintenance Control Part of Merlin system
76 Assess fleet Support
77 Maintenance JPA Portable
78 Maintenance Support Software-based
79 Info Info Microfiche-based
80 info Integrate data MIS
Appendix

Sammary of Job Performance Aid Survey
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NO. APPLICATION FUNCTION NOTES

81 Maintenance Qrganization Part of Merlin system

82 Maintenance Training Al-based

83 Engines Diagnosis

84 Hight control Fault detection In-flight detection

85 Inertial Navigation Diagncsis

85 Maintenance JPA Portable

87 Parts Parts Tracking

88 Logistics Decision Support Software-based

89 ATE Planning Mode!

90 X-ray Support PC-based

91 Conmipcnents Fault diagnosis

92 ATC Remote NAS system compoenent

93 Structures Predict &Plan Software-based

94 Engines Training

95 Hight control Intervention

9 Maintenance Training

97 Cars Diagnosis

98 Cars Diagnosis utilizes hypertext

99 Maintenance Organization Software tool

100 Satelites Decision aid Prototype

101 Structural Diagnosis On-board

102 Multipurpose Training 3D-simulation

103 Engines Diagnosis

104 Ensines Monitor Early application

105 Engines Diagnosis Expert system-based

106 Subsystem Training Computer-based

107 Structure Maintenance support

108 Engines Diagnosis Interface to maint. databases
Appendix

Summary of Job Performance Aid Survey
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7.0 APPENDIX

1. ADE—AUTOMATIC DATA ENTRY FOR AIRCRAFT MAINTENANCE

FUNCTION
SPONSOR
DEVELOPER
INTIATED
DESCRIPTION

Facilitare data entry
US Air Foree
Lockheed

1975

An automaric data entry s7stem which encompasses all mechanical devices.
This system replaces the manual entry of data into the information system.

2. AEM—AUTOMATED ELECTRIFIED MONORAIL

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

To deliver replacement parts used in maintenance ar high-speed.
United Airires
Present.

Electrified monorail parts delivery system moves product at high speed thus
improving cfficiency.

3. AFTA—AVIONIC FAULT TREE ANALYZER

FUNCTION
SPONSOR
DEVELOPER
DESCRIPTION

Performs automatic testing of avienics equipment in its” operational environment
U.S. Navy
Douglas Aircraft Comipany, St. Louis, Mo.

The Avionics Fault Tree Analyzer, AFTA, isasuit-case sized microprocessor-based computer
system which performs automatic testing and fault isolation of F/A-18 avionic systems. kt
is capable of fuult analysis to the Shop Replaceable Assembly level. The fault isclation
programs are referred to as faulr trees; analysis of these trees indude analyzing, sorting,
comparing, examining, and manipulating data fom the system being tested. The effective-
ness of rhis system is contingent upon the effectiveness of the avionics system builr-in-test
(BIT) equipment and the knowledge and practical expertise of the fault tree designer. In
addition to the lightweight, portable computer, the AFTA requires removable magnetic zzpe
cassette cartridges. The system connects to the aircraft MUX BUS and aireraft power. Onee
the program is initiated, the fault diagnosis is HHluminated on the flaz screen display. A hard
copy can be generared.

4. AGILE EYE, and AGILE EYE PLUS—HEILMET MOUNTED DISPLAY BUILT IN TEST

EQUIPMENT
FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Helmet-mounted display
US Air Foree

Kaiser Electronics

1990

This system medifies the “Private Eye” minatre display, also called Agile Eye and Agile Eye
Plus. The display is incorporated with a helmet in order 1o significantly increase a pilot’s
situational awareness. It is possible using this apparatus to project television monitor
information or other computer information. The image is directed to the visor of the piiot’s
helmer, thus keeping the informazion in front of his eyes at all dmes. It is 2 moncaular
presentation to the pilot’s dominate eye. It displays only information needed. The system
can also be tailored by the pilot, i.e., “declurtered” so that it can include only what the pilot
Walis o see.
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5. AGTR—AVIONICS GROUND TRAINING RIG (RAF)

FUNCTION To rrain aircraft maintenance personnel in fzult diagnosis and service of advanced avionic
systems.

SPONSCR United Kingdom Royal Air Force (RAF)

DEVELOPER Essams

LIFE 1985

DESCRIPTION The Avionic Ground Training Rig, AGTR, is 2 maintenance trainer and simularor designed
totrain ground crews in advanced avionic faultdiagnosis and servicing methods. Thesystem
is composed of alife-size cock-pitand a PDP 11/55 and VAX 11/70 computer-based system.
The ground crew can accurarely diagnose aircrew reported systern deficiencies through
simulated flight. This system was developed for the UK Royal Air Force, Tornado F2
interceprors.

S. AID3—AIRBORNE INTEGRATED DATA SYSTEM

FUNCTION On-line integrated data systems for use in work areas by technical and engineering personnel.

SPONSOR Trans Woild Aidines

LIFE Operational in 1986

DESCRIPTION Satisfies the newd for dedicated computers for maintenance and engineering functions.. The

system uses an ARINC Communications and Reporting Systems (ACARS; data link.

7. AIDAPS —AUTOMATIC INSPECTION GIAGNOSTIC AND PROGNOSTIC SYSTEM, also referred to
as, UH-AIDAPS TEST BED PROGRAM

FUNCTION

SPONSOR
DEVELOPER

LIFE
DESCRIPTION

Engine monitoring instrument that performs automatic in-flight inspection, diagnosticand
prognostic procedures to detect mechanical malfunctions and wam of fatiure-conditions.

US Army Aviarion Systems Command, St. Louis, MO.
Test Bed Program Developer- Hamilton Standard ;Analysis, Procedures and

Trade-Off Concept Formulation Study, Computer Tabulations, Computer
Models, Computer OQutput Data, Northrup Corporation.

1972. Computer modelling 1972 through 1975.

Automaticdata-acquisition and data analyzer systems to inspect, diagnose malfunctions, and |
predict failure of in-flight aircraft engines and fuel systems. AIDAPS was designed for the
US Army helicoprer, UH-1H.

8. AIMES—AVIONICS INTEGRATED MAINTENANCE EXPERT SYSTEM

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

Monitors engine functions and performs real-time diagnostic procedures.

McDonnell Douglas

Flight tested January 1986

In-flight, automatic test system for use in US Army F/A-18 Hornet aircraft which utilizes
artificial intelligence. Data acquisition and diagnostic operations are performed while the
craft is airborne which eliminates the need for mainienance personnel to re<create the

conditions once on the ground. The knowledge of the mechanic is coded on the computer
in the form of operating rules.

131




Chepter Five

9. AIMS—AUTOMATED INTELLIGENT MAINTENANCE SYSTEM

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Portable interactive computer systemn used for maintenance testing and repair of US Army
vehicles.

US Army

Analytics Corporation, King of Prussia, PA.

1987

AIMS is a portable, light-weight, expert system for use in maintenance, repair and training
arenas. It uses expert system and voice recognition technologies, and computer screen
displays of schematic d1agmms and installation drawings. System may also be used for
inventory tracking, pans requisition and maintenance-history records of vehides, and

schedules. Interchangeable software will accommodate to other type vehicles including
aircraft and rotorcraft.

0. AMES—AIRCRAFT MAINTENANCE EFFECTIVENESS SIMULATION MODEL

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

11, AMICAL
FUNCTION
SPONSOR
LIFE
DESCRIPTION

Project to develop simulation of operation and maintenance of an aircraft squadron.
Navy

XYZYX Information Corporation, Canoga Park, California

1977-1979.

A computer-based program of Aircraft Maintenance Effectiveness Simulation (AMES)
which is able to develop and test maintenance performance and operational readiness in an
aircraft squadron. This program can quantify the cost of human errors and maintenance
accuracy and its impact on other factors of maintenance (i.c., consumption of spares, missed
gate-times, delay, aborted missions.) This information is helpful since human errors are
difficult to measure and evaluate since they are interactive with other types of errors, and not
easily traced by conventional analysis.

Computer program 1o automate and perform economical scheduling of maintenance tasks.
KIM Royal Dutch Airline
1986

Airline-developed computer program with applications for aircraft maintenance task
scheduling, uses mini-computer based system.

12. APU MAID —AUXILIARY POWER UNIT MAINTENANCE AID and MAIDEN

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Auxiliary Power Unit Maintenance Aid (APU MAID) software assists the flightline
technician in performing test, fault detection, fault isolation and repair of the C-130 APU.
Software is hosted on 2 portable, computer called, MAIDEN, which is specifically designed
for this use.

Allied-Signal Aerospace Co., Teterboro, NJj
1987

The APU MAID is an expert system based job performance aid which uses heuristic and
logical reasoning. It was developed for the C-130 aircraft awdiiary power unit. System is
designed to be useful on the maintenance flight-line in APU diagnostic, fault detection,
isolation and repair. It is used in conjunction with a specifically designed compuer, called
MAIDEN {MaintenanceAid Engine). The computer is light-weight, pottable, and battery
operated.
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13. ASMT - AIRCRAFT SIMULATION MAINTENANCE TRAINERS

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

14. ATEOPS
FUNCTION
SPONSOR
LIFE
DESCRIPTION

15. ASTROLOG
MCHQN
engine maintenance.
SPONSOR

LIFE

DESCRIPTION

Computer driven simulator to train and certify C-17 maintenance personnel.
USAF

ECC International Corporation
1989

AirForce Aeronautical Systems Division awarded 2$138-million contract for $C-17 Aircraft
Simulatien Maintenance Trainers. These will provide computer-aided instruction to the
maintenance wrainee personnel. Each trainer will have twelve separate training devices that
replicate the C-17’s systems.

Expert systems used to direct automatic test equipment for testing of F-15 fighter hardware.
USA

1985

ATEOPS, ATEFEXPERS and ATEFATLAS are three expert systems used to control
Automatic Test Equipment (ATE) by troubleshooting the converter programmer power-
supply card on the F-15 aircraft. Each system uses a specific knowledge base with tests
particular to the specific circuit being tested and the test requirements.  Each indudes 2
constraint propagated frame system that allows enhanced control by creating code in the Addas

programming language, checking the code for good form, controlling the ATE and changing
the test sequence as neoded.

Early demonstration to integrare ground based computers and airborne dara recorders for

American Airines, Maintenance and Engineering Center, Tulsz, OK
1967

Astrolog is an integrated system for engine maintenance. The engine maintenance recorder
portion of the dara system consists of four major components: airborne magnetic data
recorders, conventional long distance telephone dara transmission links, centralized ground
based computer complex, and computer programming which permits automaric diagnosis
of engine healdh, fault idencification and measurement of the urgency of such corrective
action.

16. ATE’s for AH-64 HELICOPTERS for use at AVIM—AVIATION INTERMEDIATE MAINTENANCE

UNITS.
FUNCTION

SPONSOR
DESCRIPTION

Automatic resting units designed to test and diagnose faults on components removed from
Army helicoprer AH-G4.

Army

Computer-driven automatic test equipmentdesigned for shop use to testand diagnose faults
in Line Replaceable Units removed from the helicopter.
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17. AUTOMATIC TEST PROGRAM GENERATOR (ATPG)

FUNCTION
SPONSOR
DEVELOPER
UFE
DESCRIPTION

Knowledge-based interactive editor

“Warner Robins Air Logistics Center (WRALC)

Air Force Institute of Technology, School of Engineering
1986

A prototypeknowledge-based automatictest program generator (ATPG) has been developed
which uses a special language to operate automatic test equipment. The ATPG is an
interactive editorthat will enable the software analyst towrite codes effectively and efficiently.
It wili also aid the software development process by reducing the amount of time used in
software maintenance and modification. The ATPG prototype is used in sclected tests
performed on 2 component of the F-15 aircraft.

18. ATSJEA HI —AUTO TEST SYSTEM FOR JET ENGINE ASSEMBLIES

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

System to test overhauled engines.

Air Force

Advanced Technology and Testing, Inc., Michigan
1989

This system is designed to test overhauled fuel assemblies from Allison T56 turboprop
engines powering USAF C-130K transports. This product, presently in its third generation
includes a new software generated programming technique to perform necessary adjustment
diagnostics and prompt the operator as necessary.

19. AVID-AUTOMATIC VIBRATION DIAGNOSIS SYSTEMS

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Vibration dara extraction from gas turbine engines.
USAF

Mechanical Technology, Inc., Latham, New York
1983

Automated vibration dara extraction system was developed for jet transport overhaul centers.
AVID automates trouble shooting procedures for fully assembled gas turbine engines. High
frequency vibration dara is extracted from existing standard instrumentation and provides
input to a specialized symptom/fault matrix. Malfunctions are detected 2nd assigned to 2
particular data set, with corrections derailed.

20. BRAD —BRILLIANT REUSABLE ADA DIAGNOSTICIAN (REUSED SOFTWARE)

FUNCTION
SPONSOR
LIFE
DESCRIPTION

T'o assist a novice munition maintenance technician in various systems and components.
Air Force Munitions Systems Division
1989

System in development which intends to demonstrate the applicability of model based
reasoning and the concept of software reuse. The goal of the work is to enable a novice
maintenance munitions technician to perform fault isolation and diagnostics in electronic,
dlectro-mechanical, and mechanicat faults using schemarics and design data.
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21. CAD—COMPUTER AIDED DESIGN

FUNCTION
SPONSCR
DEVELOPER
DESCRIPTION

To streamline aircraft maintenance and repair.
US Naval Aviation Depot, Cherry Point, NC
McDonnell Aircrafe

This system aids US Marine personnel to troubieshoot maintenance functions by having
direct access to drawings and engineering information of the builder/designer of the AV-8B
Harrierll shorr take-off and vertical landing aircraft. Computer drawings and data for
structural repairs are updared every three months, as is stress analyses and wiring diagrams.

22. CADS—COMPUTER AIDED DIAGNOSTIC SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Demonstration of diagnastic system application to the H-34 helicopter.
US Navy

Naval Postgraduate School , Monterey, California

1987

Prototype to demonstrate feasibility of applying expert systems technology to the H-46
helicopter maintenance process. This is known as a micro computer based prototype called
CADS, Computer Aided Diagnostic System. The complexity of the helicopter system
diagnaosis, inadequacies of the maintenance manuals often result in unnecessary removal of
system components. Thediagnostic system forthe H-34 isproposed toadd a comprehensive,
stable knowledge base not dependeat upon particular personnel for capable repair.

23. CALS—COMPUTER ACQUISITION AND LOGISTIC SUPPORT

FUNCTION

SPONSCR
DEVELOPER
LIFE

DESCRIPTION

DOD and industry strategy for the transition from paper-intensive acquisition
and logjstic processes to a highly automated and integrated mode of operation
for the weapon systems of the 90s.

US Department of Defense and Industry
US Department of Defense

in September 1985, Deputy Secretary of Defense approved recommendations of 2 DOD-
industry task force on CALS. MIL-M-28001 was published February1988. In August, 1988,
another memorandum was issued stating that major steps had been taken towards routine
contractual implementation of CALS through out DOD and industry. The memorandum
upheld the issuance of standards for digital datadelivery and required technical dara in digital
form for weapons systems in development in FY 1989 and beyond.

CALS addresses the generation, access, management, maintenance, distribution and use of
technical data associated with weapon systems. This indludes engineering drawings, product
definition, and logistic support analysis data, technical manuals, training materials, technical
plans and reports, and operational feedback data. The CALS system will facilitate data
exchange and access, and reduce duplication of the data prepararion effort. Additionally,
CALS provides the framework for integraticn of other auromation systems within DOD,
The cornerstone standard for the interchange of textual technical in formation is MIL-M-
28001.
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24. CAMS—COMPUTERIZED AUTOMOTIVE MAINTENANCE SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

25. CATS-1
FUNCTION
SPONSCR
DEVELOPER
LIFE
DESCRIPTION

Automotive diagnostic system which can interface with a remote mainframe computer.
Commercial

General Motors, Buick Division

1987

A computer with diagnostic capability using the car compurer, built-in sensors, and circuits.
The system can retrieve and store 2 portion of data so that in termittent problems may be
analyzed, sometimes with the aid of a small portable monitor hook-up. This system can
interface with the Buick mainframe in Michigan by telephone hook-up, if required.

Locally, the CAMS machine consists of a touch screen command system, so that it may be
used by persons without computer background. Buick claims that 48% of cars repaired
without the system would return for the same type of repair; with the CAMS system, Buick
claims that this was reduce to 8%, since the machine is particularly successful with small
circuitanalysis. Thissystem issimilarto Ford Motor OASIS system, and will soon befollowed
by Chevrolet, Pontiac, and GMC, and Oldsmobile. Itis noted that maintenance personnel
were at first reluctant to use the machine because it did not have a manual operacion mode;
the maintainers wanted to assert control. Its use became more widespread as the manual

mode was introduced.

A portable computerized troubleshooting system developed for large locomotive repair.
Commercial.

General Electric Research and Development Center

Current

This electrical and mechanical diagnostic system uses expert systems technology combined
with portable computers for use on the maintenance floor. The system initiates diagnostic
technique by supplying 2 menu of possible symptoms and then prompts a series of detailed
queries. At appropriate point in the interaction, the user may call up from the computer
memory, displays and drawings, photos or movies of the locomotives various components,
locations and functions. As malfunctions are determined, repair instructions are provided

on the video screen.

This system uses a standard 16-bit microcomputer for information processing, additional
memory for storing expert knowledge, 2 CRT, z printer, 2 video disc player and monitor for
demonstration of repair procedures.

CAT-1 is currently in use at GE locomotive repair facilities nationwide.

26. CCP—CONTAMINATION CONTROL PROGRAM

FUNCTION

SPONSOR
DESCRIPTION

To reduce unnecessary maintenance 2nd heavy-equipment downrime through progressive
analysis of various non-engine lubrication and maintenance schedules.

Mobil Oil

Samples of engine lubrications are mailed to Mobil’s City Laborarory and analyzed
for levels of oxidation and sludge, viscosity, fuel dilution, dirt and glycol, water and wear
metals. Lubricants are not changed until contaminated which also indicate the presence of
or incipient maintenance actions.
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27. CCS—COMPONENT CONTROL SYSTEM

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

To improve communication berween aviation maintenance, inventory and scheduling
departments without increasing data entry time.

USAir
1986.

The Component Control System, part of the USAir publicly marketed Merlin System, is
used for .ime control processing, removal/installation and history processing for compo-
nents, major assembly processing of subassemblies and forecasting removal requirements.

28. CEMS IV—COMPREHENSIVE ENGINE MANAGEMENT SYSTEM increment IV

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTICN

To support the on-condition maintenance philosophy, combined with portable decision
support devices using diagnostics and trending analyses.

Air Force

Systems Control Technology, Inc., Pao Alto CA

1988

A fielded expert system automates equipment for fault isolation, diagnosis, and trend
analysis, and recommends corrective maintenance action. This program is the standard to
the Air Force base level maintenance. CEMS IV will be enhanced and fielded under the
umbrella of Core Automared Maintenance Syszem.

29. CEPS - CITS EXPERT PARAMETER SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Maintenance diagnostic system

Air Force

Bocing Military Airplane Development
1987

CEPS couples expert system technology and conventional programming with a large data
base to provide a system which wili assist maintenance diagnostics. This system incorporates
avionics design knowledge, avionics maintenance expertise, and statistical analysis of past
and present failure indicators to irnprove faultdetection and isolation. A prototype is under
development for the B-1B.

30. CITEPS —CENTRAL INTEGTRATED TEST - EXPERT PARAMETER SYSTE

FUNCTION

SPONSOR
DEVELOPER
DESCRIPTION

System to utilize monitoring systems and built-in test systems on the B1-B to perform fault
solation.

US Air Force
Wright Patterson Aeronautical Laborarory.

This system is built upon previous technological systems developed for Air Force mainte-
nance procedures, such as the Central Integrated Test and Comprehensive Engine
Monitoring System. This system reczives data from these other systems and combinesitwith
expert technology derived directly from the experience of mechanics. It enables a less
experienced mechanic to perform advanced diagnostic analysis and maintains a higher
production standard.
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31. CITS - CENTRAL INTEGRATED TEST SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

On-board central diagnostic system developed for the B1-B aircraft.
USAF

Rockwell International Corporation, Los Angeles, California.
1981

The B1-B Central Integrated Test System (CITS) is the on-board test system for the B1-B
aircraft and the avionics subsystems. The CIT'S operates continuously and automratically in
flight and on the ground to display performance and faults to the aircrew. It records
approximately 19,600 parameters. Failed modes of operation are detected/recorded on all
subsystems and faults are isolated to the line-replaceable-unit (LRU) level. Three snapshots
of all CITS data parameters is recorded on magnezic tape for maintenance troubleshooting.
The CITS performs pre-flight and postflight tests automatically. Reverification of systems
and ground readiness tests are conducted on individually selected subsystems at the opera-
tors” request. This system was first developed for the B1-A aircraft, and refined for the Bi-
B aircraft.

32. CMS—COMPUTERIZED MAINTENANCE SYSTEM

FUNCTION
and Puerto Rico.

SPONSOR
LIFE
DESCRIPTION

Serving 26 US Coast Guard airstations and repair and supply facilities in the United States

US Coast Guard.
1988

The Computetized Maintenance System uses a relational database running on a Digital
Equipment Corporarion VAX 8530. Real-time information is provided on the status of
more than 200 aircraft, in addition to the identification of trends and problems. It is used
for assistance in troubleshooting, system reliability analysis the recording and reporting of
aircraft data and the maintenance of records on airframes and components. The system
functions by users entering data into a commercial off the shelf terminal which is then
transmitted via telenet to the VAX 8530 located at Tamsco. Data integrity is maintained by
a data entry system that automatically provides validation and cross checking.

33. COMPASS — CONDITION MONITORING AND PERFORMANCE ANALYSIS HOST SOFTWARE

SYSTEM
FUNCTION

DEVELOPER
LIFE
DESCRIPTION

This is a ground-based engine monitoring program for general application to engines in
service after 1989, which integrates other engine monitors. This product is available from
third party vendors to respect the proprietary information required to implement the
software.

Rolls Royce

Developed for use on new engine types entering service in 1989.

Maintenance functions, including reduced cost of operation, increased utilization of
resources, improved procedures and increased visibility of engine and fleet condition are all
more efficient due to built-in instrumentation to monitor performance of the unit, and more
sophisticated computer system capabilities on the ground. The system supplies trend and
operational monitoring information from four main areas (on-wing, ground, test cell, and
maintenance action data) to a ground base, thus enabling carly wamning and maintenance
decision and scheduling functions to be determined ahead of condition failure. Information
regarding the operational parameters of the host engines and users must be fed into the
system.
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34. DC-9 REFRIGERATION SYSTEM DIAGNOSIS

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

Early method of computer diagnosis in aircraft maintenance
Eastern Airlines, Inc., Miami, Florida
1973 PA, 1973.

A carly method of instantaneous diagnostics DC-9-30 refrigeration systems using readily
obtainable data, suitable algorithms of component performance comparing performance to
performance standard. Variable conditions are factored in such as hot day conditions, and
effects of preventative maintenance procedures.

35. DCS—DIGITAL CONTROL SYSTEM

FUNCTION
DEVELOPER
DESCRIPTION

Telecommunications-based diagnostic and support system
Kearney & Trecker, Milwaukee, W1

The DCS Analyst is a telecommunications-based diagnostic ar.d support tool available to
users of Gemini controls. ‘This incdudes equipment manufactured by Kearney & Trecker,
Cross, Swasey, Warner for milling, boring, and machining equipment and lathes.

Used in conjunction with a modem, communication may beestablished to DCS analysts ar
thefirms’ headquarters in Milwaitkee, and any Gemini-controlled machine, and thus control
or monitor any machine function. The contro! system can set, alter, program software
uploaded/downloaded, condition of the machine checked, and maintenance levels estab-
iished.

Support is established by using the particular units’ own service history as well as the history
of other machines stored in the DCS darabase. The sers computer may be interrogated and
control may be bypassed to test sections of the control individually. In addition, 4 specific
machinewill be analyzed for its’ cwn fingerprint, which will enable the customer to develop
an appropriate preventative maintenance program.

36. DECISION SUPPORT SYSTEM FOR DIAGNOSIS OF A/C EMERGENCIES

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

System designed to show the feasibility of expert systems technology utilizing existing on-

beard sensors to aid diagnosis of single and compound emergencies.
US Navy

Naval Postgraduate School, Monterey, California

1986

This system was developed to demonstrate the feasibility of using on-board sensors, specific
knowledge bases with personal computer implementation, to assist the aircref crew w0
respond 1o single and compound emergencies. The platform for the demonstration was the
AH-1Tattack helicopter. Thissystem quantifies the informarion and respondent knowledge
required to define emergencies.

37. DIAGNOSTIC DATA RECORDER

FUNCTION
SPONSOR
DESCRIPTICN

On-Line computerized diagnostic tool used in the automotive industry.
General Motors —Buick

An on-line diagnestic tool installed on certain cars. This system records various indicators
of 26 engine functions. When the auto is referred for service of an intermittent or other
problem, the data recorder may be hooked up by modera o enable the dara log to be
examined, compared toheuristicdataand faultdiagnosed. Suchitemsasenginetemperature,
O2 sensor, timing, and air-fuel mix contrel, are checkexd.

139



Chapter Five

38. DIAGNOSTIC EXPERT SYSTEM FOR AIRCRAFT GENERATOR CONTROL UNIT

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

A generic, diagnostic expert system for generator control units.
Westinghouse Electric Corporation, Lima, OH
1988

This system may be applied to different devices. Modular variable-speed/constant frequency
generators families are organized by standard modules to enable expert system technology 1o
be applied. A general diagnostic expert shell is developed that will guide troubleshooting
procedures of modules and line-replaceable units. System is applied to the generator control
unit and may be applied to other types of units by incorporating device-specific rules from
expert personnel.

39. DMMIS—DEPOT MAINTENANCE MANAGEMENT INFORMATION SYSTEMS

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To improve Air Force maintenance depot planning and control functions.
US Air Force, Wright Patterson AFB, OH

Grumman Data Systems, Grumman Aerospace Corporation

1988, still in development

This Grumman product will support Air Force maintenance depots engines, all types of
aircraft, cargo, instruments, avionics, landing gear and accessories, and communication
systems. It endeavors to improve planning and control functions of scheduling, workload
planning, inventory control. productivity and planning and operational readiness. In
addition. it will provide on-line data access and user interaction.

The DMMIS system is software intensive using commercial off-the-shelf software manage-
ment systems to replace an existing 1500 computer programs. It will cluster all systems of
management (material requirements, work order generation, logistics, budgeting, time and
artendance, job cost, quality managemens, etc.) to reduce rep=titive dara entry and systems,
increase amounts and variety of available informarion.

40. DODT—DESIGN OPTION DECISION TREE

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

A method for systematic analysis of design problems and integration of human
factors dara.

US Air Force AFHRL, Brooks Air Force BAse, TA.

Systems Research Laboratoties, Dayton, OH.

1974

‘This method is represented by a schemaric format termed the Design Option Decision Tree.
It displays the various design options available ar each decision point in the design process.
Note that this system is not only applicable to aircraft systems, although the system is
modelled on aircraft design problems. The userspecifies design goals, and among the various
design parameters are human factors considerations.
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41. EASTERN AIRLINES COMPUTER SYSTEM

FUNCTION
DEVELOPER
DESCRIPTION

Maintenance planning and scheduling

Eastern Aifincs

Use of a combination ~f mini and mainframe computers have improved

Eastern’s productivity and costs, allowing a reduction of three aircraft assigned to periodic
service. Thissystemn was particularly useful when the company had a known partsshortage—
so that unnecessarily assigning the wrong aircraft this part would cause cancelled flights.
Computer information is transferred directly to the shop floor, and in bases where the

maintenance operations do not havea designated computer, information may besent viathe
computers used at ramp and customer service departments.

Capacity planning chores are also performed. Management can calculate the effects of line
slippage, schedule constraints and workload/manpower planning, as well as modification

impact assessment.

This computer system follows the recommendations of the ATA which specified that
maintenanceand engineering must have dedicated computers and staff using fully integrated
systems available at the work areas using on-line dara systems.

42, ED/CEMS ENGINE DIAGNOSTICS/COMPREHENSIVE ENGINE MGMT SYSTEM IV

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Platform used for applications such as XMAN, used in jet engine diagnostics to support on-
condition maintenance philosophy.

Systems Control Technology, Palo Alto, California

1986.

An expert system that automates equipment used for diagnosis of anomalies in engine
operations based upon prescriptive parameters. Fault diagnosis, trend analysis and recom-
mended corrective actions are features of this system. This system is a knowledge-based

system composed of three modular software element: a knowledge base, 2 data base, and 2
contro] system.

43. EDS (ENGINE DIAGNOSTIC STS) FLT EVALUATION AIR FORCE

FUNCTION
SPONSOR
DEVELOPER
DESCRIPTION

Engine diagnostics and trend monitoring
Air Force Aero-Propulsion Laboratory, Wright-Patterson AFB, OH.
McDonnell Aireraft Co.

In the F15/F100 Engine Diagnostic System Flight Evaluation, data was collected to verify
gas turbine engine fault detection/isolation and health trending algorithin employing gas
path analysis.

44. ELATS—EXPANDED LITTON AUTOMATED TEST SET

FUNCTION
DEVELOPER
DESCRIPTION

Automated test systems for various fiight functions.
Lirton Systems Canada

The Expanded Litton Automated Test Set is a comprehensive automated test system for
radar, communicatiors, microwave, electronic warfare systems and advanced depot-level
support maintenance. ltisdesigned asan inexpensive means forintermediate and depot-level
support maintenance, combining existing instrumentarion with a general design approach.
'The RE-ELATS can automarically simulate a variety of scenarios, modulation and noiseand
diagnose faults on the weapons replaceable assemblies. It also has built-in test routines and
transfer standarris and test subroutines.
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45. EM/PA—MORBIL OIL ENGINE MAINTENANCE THROUGH PROGRESSIVE ANALYSIS

FUNCTION

DEVELOPER
DESCRIPTION

To reduce unnecessary maintenance and heavy-equipment downtime through progressive
analysis of engine oils and maintenance schedules.

Mobil Gil

Samples of engine lubrications are mailed to Mobil’s Kansas City Lzboratory and analyzed
for levels of oxidation and sludge, viscosity, fuel dilution, dirt and glycol, water and wear
metals. Lubricants are not changed until contaminated which also indicate the presence of

or incipient maintenance actions.

46. ETTR — ENGINE TIME TRACKING RECORDER

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Part of larger system that monitors time and temperature of engine operation.

Air Force

General Electric Co., Aircraft Engine Business Group, Lynn, MA.

1979.

This system is one comyponent of the Parts Life Tracking System is an engine dme-
temperature recorder system. Based on the on-condition maintenance, the recorder
monitors operations and compares it 1o a sex of designated parameters of satisfactory

operation. The Parts Life Tracking System manages the TF34-100 engine in USAF/A10
aircraft.

47. EXPERT SYSTEM FOR MAINTENANCE IDIAGNOSIS

FUNCTION
SPONSOR

LiFE
DESCRIPTION

Seif repair of digital conerol systems.

US Air Force, Air Force Flight Dynamics Laboratory, Wright Patterson AFB,
Ohio

1983.

Using staristics collected from bartle damaged repair history, i.e., from Southeast Asia,
Falkland Islands, and Isrzeli data, the self-repairing concept was explored toward develop-
ment of the diagnostic datz fexpert knowledge systems for maintenance diagnosis.

48. FAMIS - FIELD ASSET MANAGEMENT & INFORMATION SYSTEM

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

CD-ROM based informarion retrieval system
Image Storage/Retrieval Systems IS/RS
1989

FAMIS is a field support too] for the gas, electric telecommunications and nudear urility
industry. Data is stored on CDs and enables field support personnel to access informarion
such as maps, manuals, work orders and bulletins. It also collects data from the field for
transfer to the home office via floppy disk or through the buik-in modem.
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49. FAULT ISOLATION-BITE

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Mext generation of built-in test equipment.

US Air Force

Boeing Commercial Airplane Company, Seattie

1982

Built-in test equipment developed for the Bocing 757 and 767 aircraft allows faults to be
detected to the line replaceable unit level of maintenance. This extension to beginning fauit
isolation test equipment is designed for the mechanic’s necds, as opposed 10 the engineer's.
Intermittent fults will be detected. This is expected to lead 1o grearer maintenance bay
productivity, improved schedule reliability and decreased maintenance cost.

50. FCMDS—FLIGHT CONTROL MAINTENANCY DIAGNOSTIC SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Diagnostic system for maintenance of flight control systems.

US Air Force, Wright Parterson Aeronautical Laborarories, Wright-Patterson AFB, Ohio
Honeywell Systems and Research Center, Minneapolis, MN

1988

Determination of maintenance diagnostic approaches has lod to the development of flight
control system diagnostics which will enhancethe  organizational-level techpicians.
Maintenance productivity improves as shop relizbility and work load scheduling are able to
irrprove. The system is composed of two parts: imbedded diagnostic sensors on the aircraft,
and a computerized ground base system to extrapolate and test on-board generated data.

51. FLIGHT DATA RECORDING SYSTEM TECHNOLOGY—FAULT TOLERANT
MULTIPROCESSOR FOR AIRCRAFT SYSTEMS

FUNCTION
LIFE
DESCRIPTION

Computer architecture
1988

FYMP, Fault Tolerant Multiprocessor is a digjtai computer architecture evolved over aten
year period. Its application to several life-critical aerospace systems, notably, as the fault
tolerant central computer for civil air transport applications. The design is based upon
independent processor-cache memory modules and common memory modules which
communicate via redundant serial buses. All information processing and transmission is
conducted in triplicate so that local voters in each module can correct errors. Modules can
be retired and/or reassigned in any configurations. Reconfiguration is carried our routinely
from second 10 second to search for latent faults in the voting and reconfiguration elements.
Jobassignmentsareall madeon afloaring basis, sothatany processortriad is eligible to execute
any job step. The coresoftware in the FTMP will handle all faulr detection, diagnosis, and
recovery in such a way that applications programs do not need to be involved.
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52. FUZZY DIAGNOSTICS

FUNCTION
SPONSOR
LIFE
DESCRIPTION

System to assist dizgnosis of faults difficult to describe in aireraft hydraulic systems.
Peoples Republic of China
1986

Aircrafthydraulics systems, the drive systems which control atitude, extension znd retraction
of landing gear, and wing flaps, are composed of many parts. These are complex systemsand
often give rise to puzzling faults that are difficult to reenact and difficult to describe. The
applications of computers in fault diagnosis can increase precision and speed so as to
conveniently array the prerequisites which create the fault. The causes of system fauits and
the zppearance of symptoms have a random or fuzzy nature. This system takes natural
language and transforms it into machine language and crystallize human experience to
simulotea fuzzy inference system. Thecharacteristic nature of thesystem is first toselect from
eventsaset of symptoms and causes of model faultevents and store them ina computer. Then
during diagnosis a symptom is maiched to a known fault to determine cause.

53. GATEKEEPER (PROGRAM), TEXAS AIR

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Helpsairline managers coordinateand maintain gateschedules in responseto changing flight
schedules, aircraft routings, weather and airport conditions.

Texas Air
Texas Air System One, Houston, TX
1989

This is a VAX-based expert system designed to alleviate effects of, and causes of, airpore
congestion. Thisisan intelligent, LISP-based distributed system that is operated ona UNIX-
based workstation in the X-windows environment. Itisconnected via Ethernettoa relanional
database management system from Oracle on a VAX or 30386 database server.

GateKeeper coordinates flight operations and gate assignments in such locations as Conti-
nental (Houston, Newark and Denver), and Eastern(Miami). It is currendy being mar-
keted world-wide. Theobjective of the program istoimprovecfficiency and reduce operating
costs. It uses artificial intelligence and incorporates four types of information: monthly and
up-to-the-minute flight schedules, routing of zircraft for maintenance, flight information
from each airline, and passenger information. The system is fault rolerant with triple
redundancy and designed to reduce an airline’s dependence on mainframe nerworks.

The system has predictive capability and may therefore avert potential crises by showinga

manager the consequencss of certain assignments.

54. IEIS — INTEGRATED ENGINE INSTRUMENT SYSTEM

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Compurer driven dispiay and processing instrumentation system used to monitor aircraft
engine conditions.

Naval Air Development Center, Warminster, PA
GE, Wilmington Mass Aerospace Instruments
1973

The Integrated Engine Instrument System (IEIS) is primarily concerned with the monitor-
ing of aircraft engine conditions in response to the needs of flightcrews and maintenance
personnel.
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55. IFL—INTELLIGENT FAULT LOCATOR

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Designed to diagnose problems with the AH-64A Antack Helicoprers.
US Army

McDonnell Douglas Helicopter Co.

1988

US Army’s expert system used on the AH-64A helicoprer diagnosed faults on four of the
eighteen systems with 96.3% accuracy, and reduced by halfthe time required to locate faults.
The system was developed on a Texas Instruments Explorer symbolic processing worksta-
tion.

56. IMIS - INTEGRATED MAINTENANCE INFORMATION SYSTEM

FUNCTION

SPONSOR
LIFE
DESCRIPTION

Integrates technical data collected from several sources and delivers that information in a
practical form totheflight-line maintenancetechnician performing faultisolation procedures
in a convenient and portable mode.

US Air Force Human Resources Laboratory
1982, engoing

It uses 2 hand-held rugged computer for use during diagnostic maintenance, an aircraft
maintenance panel connected to on-board computers and sensors, 2 maintenance worksta-
ticn connected to various ground based computers systems, and sophisticated integration
software which combines information from these various sources and presents data and
condusions to the maintenance technician in a consistent and practical manner. Function-
ally, this system incdludes technical data, training, diagnostics, management, scheduling and
historical data bases, and transmits such data to the flight-line.

This system is consistent with technologies developed as Core Automared Maintenance
System (CAMS), Automated Technical Order System (ATMOCS) Phase IV, Integrated
Turbine Engine System (TTEMS) and a variety of Auromatic Test Equipment.

57. INS-FAAMS—INERTIAL NAVIGATION SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Inertial system fault analysis and management system to erhance US Army avionics.
US Army

McDonnell Aircraft Company, St. Louis, Mo.

1984

The purpose of the Inertial Navigation System-Fault Analysis and Management System is
toimplementartificial intelligence in fighteraircraft avionics. Thishas theeffectof enhancing
the availability to mission and accuracy of the inertial navigation system:. Inertial Navigarion
System failures are often difficult vo isolate because the are related 1o incorrect procedures or
non-repeatable conditions. The expert system identifies failures through the analysis of key
failure paths, field maintenance data, and strulation testing of various mission profiles. The
system 1s based upon blacikboard architecture and has three divisions: current hypothesisand
permanent knowledge, knowledgesource demons searching foran antecedent to betrue, and
a priority based scheduler.
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58. IN-ATE - INTELLIGENT AUTOMATIC TEST EQUIPMENT

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

A fault diagrosis expert system environment.
Automated Reasoning Corp. New York
1987

IN-ATE is a fault diagnosis expert system software environment that is designed 1o reduce
test-program development-time and zest program run-time.

59. INTEGRATED TURBINE ENGINE MONITORING SYSTEM

FUNCTION
SPONSCR
LIFE
DESCRIPTION

Complex engine diagnostic system.
US Air Force Wright Parterson Azronautical Systems Division
1986

Successorto the Turbine Fngine Monitoring System, used on the TF34and the F-15 Engine
Diagnostics System, and the T-38 trainer Engine Health Monitoring Systern.

€0. INTERFACE H - ADVANCED DIAGNOSTIC SOFTWARE

FUNCTION
SPONSOR
DEVELOPER
1IFE
DESCRIPTION

Soitware appends software capabilities of various systems.
US Air Force.

General Elearic Co., Cincinnad, Oh.

1988

Interface Il is a systern of software designed to enable other systems to extend capability into
newdomains. An exampleof this system isJET-X, asystem developed to coordinate Turbine
Engine Monitoring Systems and Comprehensive Engine Monitoring Systems {TEMS and
CEMS, respectively) to extend its diagnostic and troubleshooting capabilities and o allow
use of the machine for training purposes.

61. IRAN—INSPECT AND REPAIR AS NECESSARY

FUNCTION
SPONSOR
DEVELOPER
DESCRIPTION

Maintenance philosophy and management framework.

US Army

Rand Corporation

The Inspect and Repair as Necessary concept demonstrated in the early phases of compur-
erized maintenance planning and aircraft inspection capabilities. The system was demon-
strated on the F-106 aircraft, and performance effects of the program were measured on the
ADCM 66-28 parameters. The system was shown t6 e ambivalent effect; aircraft was

neither received in a state of necessity, and procedures did not augment its reliability or in-
service time.

62. INTEGRATED TESTING AND MAINTENANCE TECHNOLOGIES

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To receive and extract from dara information required to troubleshoot interactive aircraft
systems.

Air Force, Wright Patterson Air Force Base, Ohio
Boeing Aerospace, Seattle, Washingron
1988

Technology which will enable coordination of vatous on-board and ground suppornt
systems. The multitude of systems covered partially or entirely by particular avicnics leads to
a vast amount of replication of processing and software unless integrated. Maintenance
ground support diagnosis also entails replication.
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63. IUSM - INTEGRATED UTILITIES SYSTEM MANAGEMENT SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

64.JET-X
FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Integrates aircraft utility systems onto a common data bus.
US mititary

Smiths Industries

1986

The ISUM was developed on the Fxpenmental Aircraft Program(EAF). The system
combines the fuel management, hydraulics, engine control, and environmental control
systems onto acommon military standard data link. This system reduces system: complexity
and also provides amethod by which a CRT display could be integrared, thus gmng the pilot
quick access to data via soft keys or menus. The system can be configured so thar any
parameter which is out of tolerance is displayed 2s it arises. One of the main advantages of
this system is a weight savings of 50% and volume savings of 25% when compared to other
systems. This in turn eases maintenance.

Expert sys.em works interactively with other systems.
US Air Foree

General Eleatric Co., Cindannat, OH

1988

Jet-X is a knowledge based expert system used to diagnese and aid maintenance of the TF-
34 jet engines installed on the USAF A-10A aircraft/ Thissystem uses input from the Turbine
Engine Monitoring System (TEMS) instdled on the airplane, and combines it with
informartion retrieved from the CEMS (Comprehensive Engine Management System}
database that is part of the computer ground support system. This combinarion gene-artes
alarmswhichacrivatesthe JET-X analyses. Troubleshooting procedures are imbedded in the
system for each type of alarm. In addition, “help” will assist the inexperienced technician so
that it may be used both as a flight line tool and a wraining tool.

65. LAMP-LOGISTICS ASSESSMENT METHODOLOGY PROTOTYPE

FUNCTION

SPONSOR
DEVELOPER
LIFE

DESCRIPTION

Computer model developed to assess techniology effects of advanced USAF aircraft support-
ability and logistics requirements.

US Air Foree Integrated Logistics Technology Office
Dynamics Research Corporation

First analysis performed in June 1986 investigated an advanced self-repairing flight control
system. In August, 1986, the system demonstrated the effects of the incorporation of a
particular radar system in an advanced aircraft.

This computer mode! is designed on the premise that supportability of an item (such as
advanced fighters) is as important as such factors as cost, performance and schedule.
Embedded in the LAMP scftware are models for cost, manpower, sortie generation and aidift
support models. The USAF F-16 dara is used as the reference system. The LAMP system
runs on the logistics assessment workstation (LAWS).
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66. LEADER
FUNCTION
DEVELOPER
LIFE
DESCRIPTION

67. LEADS 200
FUNCTION
DEVELGPER
LIFE
DESCRIPTION

Automaric, real-time diagnostic system
Textron Lycoming
1988

LEADER is an expert system that supporss acceptance testing functions of gas turbine
engines. Thesystem ais in problem diagnesis by automarically analyzing engine parameters
for fault identification. It models the reasoning of an experienced engineer for a specific
steady-state testing procedure with several hundred rules.

Flight dara recording system
Technische Hochschule, Aachen Instrumentation for Jet Propulsion and Turbomachinery.
1983

The LEADS 200 flight data recording system was introduced into 2 F104G wing of the
German Air Force in order to monitor aircraft and engine maintenance. The main software

routines in the system for engine data performance monitoring and faule diagnosis.

68. LIPS - LIST PROCESSING LANGUAGE

FUNCTION
SPONSOR
LIFE
DESCRIPTION

Prototype Maintenance Expert System for the CH-47 Flight Control Hydralic System.
U.S. Army Research Office Dept. of Mechanical and Aerospace Engineering
1986

List Processing [ anguage, or, LIPS, is a computer language used to facilitare dara processing
during the hydraulic flight control system inspection of Boeing CH-47 helicoprers.

69. MACPLAN-—MILITARY AIRLIFT COMMAND PLAN

FUNCTION
SPONSOR
LIFE
DESCRIPTION

Logistics support
US Air Force Military Airlift Command, Wright Air Force Base
1989

This plan was developed with cost-containment specifically in mind. It is designed to help
the Military Aidift Command move large cargo quantities between the US and overseas
bases. Factors include types of availableaircraft, numbers of flights, routes, refuelingand other
adverse contingencies. Possible extrapolation to the commercial aviation field as logistics
support for parts and replacement kit movement for all types service business.

70. MACSPEC PGW - PORTABLE GRAPHICS WORKSTATION

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

CD-ROM based catalog.
Image Storage/Retrieval Systems IS/RS
1989

PGW isa CD-ROM based system that is used by Mack Trucks and theirdealers tostore their
parts catalogs on CD-ROM. The system was to help the dealer find an specific part in less
time. It was designed with a rouch-sensitive screen, packaged for a hostile environment,
poruability foruse on the road, and expandability for enhancementssuch asinventory control.
The system contained images and text.
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71. MADARS—MALFUNCTION DETECTION ANALYSIS AND RECORDING SYSTEM

FUNCTION
SPONSOR
DEVELOPER
DESCRIPTION

To provide engine analysis.
US Air Force, Wright Patterson AFB, Ohio
Lockheed-Georgia, Marietta, Georgia

C5A malfunction detection analysis and recording system for on-board flight isolatior: of
several functions induding engines.

72. MACH—MAINTENANCE ACTIVITY COMMUNICATIONS HISTORY

FUNCTION

SPONSOR
DEVELOPER

To minimize aircraft maintenance downtime and improve communications between
maintenance, scheduling, and inventory without increasing data entry time.

USAir, Pittsburgh, PA.

The Maintenance Activity Communications History system is used for aircraft history
reporting and data collection, aircraft reliability reporting and control, and an interface for
line planning functions. Italso funcrions as 2 communcations network for maintenanceand
engineering. The system is an adjunct to the existing Merlin system.

73. MAINTENANCE ANALYST

FUNCTION

SPONSOR
LIFE
DESCRIPTION

System which uses Artificial Intelligence to troubleshoot an avionics subsystem on Sikorsky
Blackhawk helicopters.

US ARMY
1986

The Maintenance Analyst is a portable real-time consultant for field-level troubleshooting
the SAS-1 avionics subsystem aboard the Sikorsky Blackhawk helicopter. This system runs
on IBM compatible computers in LISP (an artificial intelligent programming language) and
is designed to reduce the time required to troubleshoot the system under test.

74. MAINTENANCE DATA BUS MONITOR AND RECORDER (MIL-STD-1553b)

FUNCTION

SPONSOR
DEVELOPER
DESCRIPTION

Technology of data transmission which enables continuous data flow from a monitor system
to the receiving recorder system.

National Aeronautics and Space Administration, Washington
Normalair-Garrett Lid., Yeovil, England

The use of data buses for communication creates the need for the monitoring and collection
of data for a variety of purposes induding trend data for analysis of databus or subsystem
performance, as well as diagnostic data relating to continuous or intermittent failures. The
technology also created the need for data monitoring and recording systems with redundant
data buses.

75. MCS—MODIFICATION CONTROL SYSTEM

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Used for aircraft modification and development, status update and reporting, workload
planning and scheduling.

USAir, Piwsburgh, PA.
1986
This systern part of the larger Merlin System developed by USAir to improve efficiency and

communicarions between all phases of maintenance.
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76. MDC—USAF MDC—US AIR FORCE MAINTENANCE DATA COLLECTION SYSTEM

FUNCTION

SPONSOR
DEVELOPER
DESCRIPTION

Provision of a limited number of measures to access fleet condition and identify likely
candidares for reliability and maintainzbility improvement.

US Air Force

RAND Corporation, Santa Monica, California

The Air Force has determined that the maintainability of products and systems is as
important as other utility and cost factors; hence, the development of a set of paramerers,
organized into the MDC system, to enable the user to determine which areas of the purview
are likely candidates for improvement in reliability and maintainability. Since the program
looks at subsystems, a better-than-average undesstanding of maintenancedata collecrion and
base-level maintenance systems is required to manage this complex system. The system
provides the userwith condensed organized data so that decisions and actions may be further
determined.

77. MDIS—MAINTENANCE AND DIAGNOSTIC INFORMATION SYSTEM

FUNCTION
SPONSOR
DEVELGPER
LIFE
DESCRIPTION

Generic model-based expert system for use in maintenance.
US Air Force

Boeing Aerospace Co., Boeing Military Aircraft Div.

1986

Software system with capability of building a description of any typeof equipment, currenty
used in the Portable Computer-Based Maintenance Aid System (PCMAS) being built by
Bocing for the US Army.

78. MERLIN SOFTWARE

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Software package marketed by USAir te improve the efficdient performance and communi-
cation among operating departments of aviation maintenance organizations. These depart-
ments include maintenance, overhaui, scheduling, shops, and inventory.

USAir, Pirtsburgh, PA

Since 1986.

The Merdin software package developed by USAir is composed of five management
information systemswhich integratevarious aspects of aviation maintenance. These indude
MACH (Maintenance Activity Communications History), CSS (Component Control
Systern), MCS (Modification Control System), MSCS (Material Services Control System).
Several carriers have acquired this software. Among them are Federal Express, Aeromexico,
Kuwait Airways, Cameroon Airines, BWIA International Aidine, Ansert Airlines, Turkish
Aitlines, UTA and Flying Tigers.

79. MICROFICHE MAINTENANCE MANUAL STORAGE AND RETRIEVAL

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To store maintenance manuals in microfiche form for delivery to maintenance areas and

airline shops throughout the US.
Delia Airdines

Minolta Corp.

1985

Job performanceaid which supplies bulky compendia such asairplane maintenance manuals
in microfiche form. Readers used by Delta are the RP407 and RP407E reader-printers
located in maintenance areas or airline shops and repair stations, allow standard, complete,
and easy distribution of information which may need to be needed by various departments.
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80. MIMS—MAINTENANCE INFORMATION MANAGEMENT SYSTEMS

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To bridge the informartion assimilation gap between data acquisition and maintenance
operations.

US Air Force

Systems Control Technology, Inc., PaloAlo, California

1981

The Turbine Engine Fault Detection and Isolation Program Model Development resuited
in the Maintenance Information Management System in 1981. Although the acquisition of
engine monitoring systems has been effective in prototype and operationzl modes, it was
determined that the acquisition of data, aithough reliable, was not formulated in a manner
in which it could be vtilized by the maintenance management. There were no procedures
for integrating the data into the maintenance process. This systems attempts to resolve the
complexity of integrating data received. The system establishes standards for 12anaging
information flow effectively in the standard Air Force maintenance units.

81. MSCS-—-MATERIAL SERVICES CONTROL SYSTEM

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Computer software system to facilitate communication between material control, purchas-
ing, planning, receiving and issuing funcrions in an aviation maintenance organization.
USAir, Pinsburgh, PA

Since 1986.

This software system is 2 component of the Merlin package, which indude MACH, CCS,

and MCS. This phase of the system is used in material control, planning, purchasing,
receiving and issuing functons in aviation organizations.

82. MAINTENANCE TRAINING SIMULATOR—US ARMY

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Efficient, complete training for specified aircraft or maintenance systems.

US Army

BBN Laboratories

1988

Maintenance training simulators are designed to reduce training costs, reliance

upon certain types of equipment availability, and condense training time with increased
training effectiveness. As an example, the simulator developed for the F-16 fighter aircraft
environmental system has reduced eleven days overall training with one day hands-on, to
seven days hands-on. This simulator, developed by BBN Laboratories for the US Army is
forthe Sikorsky Black Hawk airdefense system radar. Using artificial intelligence, thetrainer
embodies the knowledge of an expert. It can be used to train or function as a diagnostic tool.

83. MULTIPLE FAULT DIAGNOSTIC GAS PATH ANALYSIS SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Demonstration of Hamilton Standard’s Gas Path Analysis Technique.
Naval Air Propulsion Test Center, Trenton, Nj

United Technologies, Windsor Locks, CT

1975

System demonstrates the results of Hamilton standard’s gas path diagnestic system for a
complex twin-spool mixed flow, variable geometry turbofan engine. Possible diagnostic
routines are specified with sensor and control uncertainties.
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84. NASA/US AIR FORCE SELF-REPAIRING FLIGHT CONTROL PROGRAM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Aircraft self-diagnostics system.
NASA/US Air Force

General Elearic

1989

The Self-Repairing Flight Control Program was developed to assist fault failuredetection and
maintenance. The program detects and identifies failures as they occur in-flight, thus
eliminating thedifficulty of replicating failuresin ground tests after the aircraft lands. General
Electric has developed an aircraft maintenance self-diagnostic system that will perform these
in-flight tests on an F15 research aircraft.

85. ORION 4400 AUTO TEST SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To maintain inertial navigation and aircraft management system.

Japan Air Lines

GEC Avionics

198

The Orion 4400 is a system used to help maintain inertial navigation systems and aircraft
managementsystems. Theequipment is of modulardesign and has self-diagnosing and self-

repair capabilities. These systems are used in production control and maintenance
applicarions.

86. PCMAS —PORTABLE COMPUTER BASED MAINTENANCE AID SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Portable maintenance expert system
US Air Force

Boeing Military Aircraft Company
1986

Portable Computer-Based Maintenance Aid System, PCMAS, is maintenance system which
utilizes expert systems called MDIS.

87. PLTS—PARTS LIFE TRACKING SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

System designed to manage on-condition maintenance.
US Air Force

General Eleatric Corp., Aircraft Engine Business Group, Lynn, MA.
1979.
The system is designed to support the philosophy of on-condition maintcnance.

The system manages maintenance of USAF/A10 aircraft. Included in the overall system are
Parts Tracking Systems, and Engine Time-Temperature Recorder systems. The central data
base includes a parts master file encompassing all designated parts entered into the system
either as spares or as a part of the engine data. The PLTS requires data from the mechanic
responsible for charging parts (engineserial number, partserial number, location of partand
date, for example) and periodic reading and recording of information taken from the units

at other times.
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88. PRISM - PRODUCTIVITY IMPROVEMENTS IN SIMULATION MODELING PROJECT

FUNCTICN
SPONSOR
LIFE
DESCRIPTION

To provide a proof of concept for an integrated model development environment.
USAF Air Force Human Resources Laboratory
1988

Event simulation models have been, and continue to be, major decisior: support aids in
logistics capability assessment. Results of a survey conducted by the Air Force Human
Resource Lab indicate a large amount of user dissatisfaction with various aspects of many of
these decision support aids. The Prism project was created to address these problems by
providing a proof of concept via a software environment.

89. Q-GERT SIMULATION LANGUAGE

FUNCTION
SPONSOR
LIFE
DESCRIPTION

90. RADstation
FUNCTION
DEVELOPER
LIFE
DESCRIPTION

Simaularion language
USAF
1983

Q-GERT is a simulation language that was used to develop a model that would determine
B-1B automatic test equipment station quantities required to support the B-1B avionics
components at base level. Two techniques were developed to determine test station
quantities based on the model output. The first technique was to buy sufficient test stations
1o achieve a four day maximum base repair cyde time for the avionics components. The
second tecknique was to conduct a cost-benefit analysis by comparing the costs of addirional
test starions (benefits of a shorter repair cycle times)to the benefits of fewer test stations (the
costs of longer repair cydle times). The research effort provides a range of management
options for consideration by the B-1B System Program Office.

Speech recognition-based radiology reporting system.
Lanier Voice Products
1990

The RADstation isa radiology reporting system that is based on an IBM-compatible PC and
Dragon Systems’ speech recognition technology. The software package is menu driven and
contains an on-fine vocabulary of 30,000 words. ‘This system enables the radiologist to read
the X-ray and call out a particular finding. Thiswill trigger the system ro produce a complete
and formatted report on that finding. The report can bewritten into oneof the threeavailable
levels of detail. ‘This report can be sent to physicians quickly via computer network interface
or by fax using a fax/modem.

91. RF-ELATS —RADIO FREQUENCY EXPANDED LITTON AUTOMATED TEST SETS

FUNCTION
SPONSOR
DEVELCPER
LIFE
DESCRIPTION

Test various systems/equipment of F/A-18 aircraft

Royal Australian Air Force

Litton Systems Canada

1987

Radio Frequency Expanded Litton Automated Test Sets (RF-ELATS) performs compre-

hensive tests and fault diagnosis on radar, communications, microwave and Electronic
Warfare (EW) equipment. The system utilizes a touch-sensitive screen, 2 keyboard a printer
and a plouter.

153




Chapter Five

92. RMMS - REMOTE MAINTENANCE MONITORING SYSTEMS

FUNCTION
SPONSOR
LIFE
DESCRIPTION

Monitor, control and verify remote equipment.
FAA
1989

The RMMS monitozs, controls, and verifies the performance of Narional Airspace System
equipment and sites. 'The program to modernize this isdesigned o centralize and automate
thesystems’ activity. Presently, thesystem issetup up in a master/slave relationship. By 1995,
the setup should be changed so that the controller transparently accesses the remote facilities
through the main Advanced Automation System {the host system for air traffic).

93. SAIFE—STRUCTURAL AREA INSPECTION FREQUENCY EVALUATION

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

To assist in the evaluation of proposed structural inspection programs for commercial jet

transport aircraft.
Technology, Incorporated, Dayton, Ohio
1978

SAIFEis2 computer program developed to assist management in the evaluation of alternative
structural inspection and modification programs. Its logic simulates various structural
defects, failures and inspections and their ramifications in five arcas of control: (1) aircraft
design analysis; (2) fatigue testing; (3) production, scrvice, and corrosion defects; (4)
probability of crack or corrosion detection; (5) aircraft modification economics. The goal of
chis program is to quantify the evaluation process currently used to establish and modify
inspection intervals for commercial jet transport.

94. SAMT - SIMULATED A/C MAINTENANCE TRAINING

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To increase effectiveness of maintenance procedure instruction.
USAF

Honeywell Training and Controls Systems Operations

1982

The F-16 engine diagnostic SAMT i comprised of simulated aircraft cockpit and test
equipment control panels, an instructor station, and a computer simularion of the Prant &
Whitney F-100 engine. Computersimulation seeks to provide realistic engine performance
for maintenance training. Use of this vehicle allows students to practice engine trimming
procedures, and diagnosis of a variety of engine component failures.

95. SELF-REPAIRING FLIGHT CONTROL SYSTEMS

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Flight control system

USAF - Aeronaiitical Systems Division
Honywell & McDonnel Douglas
1985

This is a reconfigurable or ‘self-repairing’ flight control system thar continually evaluates the
aerodynamic conditions of aircraft, and reconfigures itself in the event that certain control
surfaces are unavailable due todamage or malfunction. A reconfiguration module cortained
in the system is capable of choosing the correct combination of control surface deflections
10 execute certain maneuvers. The system will also provide instructions to the pilot to

compensate for the alterarion in control surface. This reconfiguration computer technology
might ke adapted to future civilian aircrafi.
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96. SEMSA WEAPON SYSTEM AND MAINTENANCE SIMULATOR

FUNCTIGN
DEVELOPER
LIFE
DESCRIPTION

‘Weapon system and maintenance simulator
Sogitec
1988

‘The SEMSA weapon system and maintenance simulator is designed to train technicians in
Mirage 2000 maintenance methods. The simulator is used to familiarize technicians with
weapon system operation, fault-finding and diagnosis of malfunctions. SEMSA contains
four elements: a cockpit cabinet with 2 display of the pilot’s station; and aircraft cabinet with
another display of the stores system and test equipment; an instructor’s station; and a data
processing suite.

97. SERVICE BAY DIAGNOSTIC SYSTEM 1

FUNCTION

SPONSOR
DEVELOPER
DESCRIPTION

Computer toguide auromobile maintenance technicians through repair of Ford’s electronic
engine control unit (EEC-1IV) and the many components with which that uniz interacts.

Ford Motor Company, Ford Parts and Service Division
Hewlert-Packard Co.

This diagnostic system incorporates a touch screen co:nputer and printer, and a portable
engine analyzer that may be operated during a road test. Functionally, it taps into the EEC-
IV system through thedatalink, and talks toother modulesin thesystem. Itcanactivateother
sensors and actuators. It can also communicate with Ford’s OASIS (On-Line Automotive
Service Information System) to receive technical information, updates and manual informa-
tion and service bulletins. The computerwill also display diagrams and drawings of partsand
sensors, which may be otherwise difficuit to locate or discern.

98. SERVICE BAY DIAGNOSTIC SYSTEM (SBDS) It

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

Auto diagnostics expert system using hypertext capability.
Ford Motor Company
Operation by December 1989 in 2000 dealerships

Hypertext is a method of organizing related information via compurter systems. Hypertext-
based automobilediagnostics and repair workstation helps mechanics repair cars. The Service
Bay Diagnostic System has an expert system in the diagnostic mode to analyze the meter
reaclouts, symptoms dara entered into the computer by the technician.

99. SPS—SHOP PLANNING SYSTEM

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

To reduce the amount of duplicated effort and improve accountability and control of shops
parts tracking and shop planning systems.

USAir

Since 1986.

"This is a software tool, part of the larger Merlin package, to improve aviation maintenance
management and staff function efficiency. This portion of the Merlin package governs shop
planning, scheduling, and parts inventory control. A combined system such as this reduces
paperwork without reducing efficiency.
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100. STAR-PLAN
FUNCTION
DEVELOPER
LIFE
DESCRIPTION

To help satellite control operators identify and resolve system faults in orbiting spacecraft.
Ford Aerospace 8¢ Communications Corporation, Sunnyvale
1986

Increasing complexity of spacecraft systems and the unavailability of technical advisors in
some remote ground stations and mobile control facilities, has emphasized the need for
automation of these satellites diagnostic and advisory funcrions. Sazellite expert control
systems must accommodare multiple disciplines and complex relationships between sub-
systems. The prototype system will be a ground based decision aid 1o replace or augment the
work of the technical analyst who monitors incoming telemetry data stream from a sarellite
and compares that data with expected conditions (heuristic reasoning). Models for
incorporating procedures for automating the knowledge acquisition process are also
included.

101. STEMS —STRUCTURAL TRACKING AND ENGINE MONITORING SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Monitoring system fer aircraft structures.
USAF

Northrop

1983

STEMS is a system that determines inspection and repair schedules forindividual aircraft,
determines aircraft surface life expectancy, provides data for future specifications, and
establishes operational limitations. It consists of an on-board processor, diagnostic display
unit and a data collection unit.

102. THREE-DIMENSIONAL TRAINING SIMULATOR

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Training Simulator

Commercial. Used by NASA and General Motors and others.

Aurodesk, Salsaulito, California VPL Research, Redwood City, California
1989

The simulation is accomplished through tiny computer monitor gogg]s which users wear
over cach eye. The goggles deliver coordinared messages to the user’s brain. The computer
linked to the user through a sensor glove. Use of the glove creates and guides perceived
movement, thus creating an artificial reality. This is called Cyberspace. It puts the userin a
simulated, realistic 3-D world.

This is being used and developed for use in training helicopeter pilots and other types of
applications by GE, NASA 2nd the Army.

103. TEDS—TURBO ENGINE DIAGNOSTIC SYSTEMS

FUNCTION
SPONSOR
DESCRIPTION

To electronically monitor various engine conditions and functions,
US Air Force, and others.

A generic term for systems using electronic means to determine engine conditions and
satisfactory functions. The first system was called, Events History Recorder, developed for
theAir Force F100 engine. Othersystcms umngsameanddcvdopmgtcchnologymcludcthax
for the T-38 trainer ]85 engine, the A-10 ground support aircraft’s TF34 turbofan engine,
and those installed in the KC-135, B1-B, and F-16 aircraft. Repiesentative systems are
known as Integrated Turbine Engine Monitoring System and joint Advanced Fighter

Engine diagnastic system.
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164. TEMS—TURBINE ENGINE MONITORING SYSTEMS

FUNCTION
SPONSOR
DESCRIPTION

Generic term for a variety of engine monitoring systems.
USAF

TEMS is representative of one of the eatliest applications of technology to the maintenance
process. Thiss, stem focuses on engine monitor parameters seeking to predictwhen and whar
maintenance is required on the engine to achieve on-condition maintenance. TEMSisa
generic name fora variety of early systems which use different means of collecting data. Some
data is collected manually, others automatically. Recent systems collect data and in real-time
transmit it to the ground station. AH systems collect this data to spot anomalies, leading to
increased aircraft availability, reduced overall engine maintenance costs.

105. TEXMAS —TURBINE ENGINE EXPERT MAINTENANCE ADVISOR SYSTEM

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Used in conjunction with a system such as TEMS, TEXMAS uses human-like reasoning to
achieve reduced maintenance costs and increase aircraft availability.

Textron, Inc., Avco Lycoming Textron, Stratford, CT

1983.

TEXMAS takes raw data and carries out functions such as engine performance measure-
ment, event monitoring, and life monitoring, and fault isolation and diagnosis. It can also
beused towalk an inexperienced mechanic through thediagnosis process. TEXMAS is based
on expert system technology, implemented on a laptop computer.

Developed for the T53 engine. This is an engine with few sensed parameters (rwo rotor

speeds, torque, exhaust gas temperature, oil pressure and oil remperature. With no other
measurements available, the diagnosis process requires the knowledge of an expert.

106. TROUBLESHOOTER

FUNCTION

DEVELOPER
LIFE

DESCRIPTICN

Training tool to zid aviation mechanics in learning woubleshooting and diagnostic skills
utilizing simulation oriented cumputer-based instruction methods.

Flight Safety Internarional

First introduced in 1986, successive developments in 1988 with anticipated additional
developments.

Flight Safety International has developed a series of simulation oriented computer-based
instruction aids for virtually all major subsystems of Cessna Citation 500, Dassault Falcon
50 and the Sikorsky S-76. First introduced in 1986, the diagnostic courses are being
expanded toawide range of business aircraft. Thissystem uses actual pilotwrite-upsofservice
difficulty reports, manufacturers service write-ups, with cockpit indicators programmed into
the software. Students review subsystems individually or in teams in order to develop and
critique solutions. Review of the steps taken to diagnose the problem and the components
replacad determine theeffectiveness of the recommended procedures. Useof thesystem does
not require Previous computer experience.
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107. VSLED— VIBRATIJON, STRUCTURAL LIFE AND ENGINE DIAGNOSTIC

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Monirtoring system for V-22 dltrotor aircraft, this system is representative of the latest
generation of performance aids, distinet by its integration into the aircraft itself. It snends
the monitoring process to the aircraft structure.

Bell Aerospace
1982

Vibration, Structural Life and Engine Diagnostics (VSLED) is a monitoring system
developed for the V-22 tiltrotor aricraft. This system seeks reditce maintenance costs by 509
By moritoring the structure of the aitcralt and analyzing wrends and parametersasdo engine
moniioring systeras, VSLED integrates several systems, and uses automatic detection of
exceeded limits. This data is analyzed and fault isolation analysis is performed. It monitors
the aircraft’s vibration, temperatures, structural life, and engine events, and can generate
reports that specify needed maintenance actions.

108. XMAN—EXPERT MAINTENANCE TOOL

FUNCTION

SPONSOR
DEVELOPER
DESCRIPTION

An expert maintenance system designed to be a user interface to the maintenance data base
created by systems such as TEMS.

US Air Force
System Conrrol Technology Corporation

XMAN was developed for use on the USAF A-10A. It uses expert systems technology and
builds upon other related technologies (such as TEMS) to automate diagnostic and
troubleshooting procedures. Since this tool can communicate to the user the sequence of
ocondlusions in the diagnostic procedure, it may be used for :zaining.
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