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The National Center for Aircraft
Technician Training Aircraft
Electronics Technician Certification
and a Case for Standards and
Certification

Jeff Cunion, Indiana State University

INTRODUCTION

The National Center for Aircraft Technician Training (NCATT)
was funded by the National Science Foundation in the interest
of improving aviation technician skills, and ultimately, the
safety of the nation’s air transportation system. NCATT consists
of members from industry, government, and education who
are working together to achieve these goals and promote
aviation maintenance professionalism. The first task that was
undertaken by NCATT was the establishment of an aviation
industry recognized certification for aircraft electronics and
avionics technicians. The issuance of an NCATT certification
was based upon a technician passing an industry developed and
endorsed examination. Unlike the Airframe and Powerplant
Certification, which was administered by the Federal Aviation
Administration (FAA), NCATT certifications, and the related
endorsements, were aviation industry certifications that were
designed by and for the industry.

This paper provides an overview of the NCATT AET certification
and endorsement system. In addition, the value of certifications
and standards in general is presented, addressing often asked
questions regarding the value of testing and its relationship to
job performance.

NCATT AET CERTIFICATION OVERVIEW

On March 6™ through the 8" of 2006, aviation industry
electronics and avionics subject-matter-experts met at a
workshop at Tarrant County College in Fort Worth, Texas to
establish the first aviation industry knowledge standards for
“entry-level” electronics and avionics technicians. Represented
were major airlines, avionics manufacturers, FAA Part 145
Repair Stations, Part 91 and 135 operators, the U.S. Air Force,
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Navy, and Marine Corps along with aviation education and
training organizations. The standards that were established
during this workshop were validated by the NCATT Standards
Committee, and were subsequently adopted by the NCATT
Executive Advisory Board. The “NCATT AET Examination”
and the “NCATT AET Certification” were based on those
standards. The NCATT Certification Committee set the passing
grade for the AET exam at 70 percent.

The NCATT AET certification exam is currently available to
any interested person at LaserGrade testing centers across
the United States and Canada. LaserGrade testing centers
can be located through www.lasergrade.com. Textbooks
such as Avionics Fundamentals, available through Jeppesen
Sandersen, are useful in test preparation as well.

Table 1 identifies the aviation industry identified NCATT AET
standards for the basic AET certification. The NCATT AET
examination utilizes questions that measure an individual’s
knowledge in these standards areas. Upon obtaining the basic
AET certification, certificate holders are entitled to test for
endorsements in areas such as navigation, communication,
surveillance, and other areas that are currently under
development.



Table 1 (Sheet 1 of 2). NCATT AET Standards

Category

Knowledge Requirement

General Requirements:

Basic Terminology
Basic Circuits

Basic Circuit Calculations
Safety Practices

Resistors

Inductors

Capacitors

Transformers

Analog Circuits, Devices and Switches
Power Supply Circuits
Frequency Sensitive Filters
Wave Generation Circuits
Limiter Circuits

Digital Numbering Systems
Digital Logic Functions

Common Maintenance Practices:

Hazards & Safety Practices

Hazardous Materials Handling

Technical Publications

Fundamentals of On-Equipment Maintenance:

Use Common Hand Tools

Handling of Electrostatic Sensitive Devices
Corrosion Control

Use Safety Devices

Aircraft Wiring

Perform wire maintenance

Use Test Equipment/Special Tools

Aircraft Fundamentals:

Aviation Terminology

Basic Aviation Fundamentals & Safety
Basic Troubleshooting Theory

Identify Flight Controls

Safety

Theory of Flight

Direct Current terms
Alternating Current terms

Theory of operation
Circuit troubleshooting

DC, AC, DC/AC Measurements

RF energy, noise, hazardous materials
Color codes, fault isolation

Theory of operation, fault isolation
Theory of operation, fault isolation
Theory of operation, fault isolation
General operation

Rectifiers, filters

Theory of operation

Oscillators, wave-shaping circuits
Diodes, Zener diodes, transistors
Binary, octal, hexidecimal

Main logic gates, flip-flops, counters, adders

RF energy, noise, electrical power, ESD protection,
microwave, hazardous liquids, FOD prevention, first aid for
electrical shock

Types of materials and fluids, handling procedures, storage
and labeling, proper disposal, Material Safety Data Sheets

Interpret installation manuals and technical data, locate and
blueprints, and equipment list information

Wrenches, torque wrenches

Proper grounding

Identification and repair

Safety and shear wire

Multi-conductor, coaxial, twisted pair, single conductor
Continuity checks

Analog multi-meter, digital multi-meter, oscilloscope

Operational Risk Management, fall protection
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THE IMPORTANCE OF STANDARDS AND
CERTIFICATION

The establishment and use of industry standards has been a key
to greater efficiency and growth ever since the establishment of
standards for linear dimensions, such as the size of an inch for
example, has precipitated the development of interchangeable
parts and the possibility of mass production. In its simplest
sense, a standard is an agreed-upon way of doing something
(Spivak and Brenner, 2001). Additionally, a standard may
denote an agreement, measure, condition, or specification
between a manufacturer, service provider, or consumer. Spivak
and Brenner go on to note that standards are applied in the use
of ratings, management systems, and services, and are applied
for the protection of health, safety and consumers. Certification
can be defined as validating the authenticity of something or
someone (Miller, 2006). Certification and standardization,
along with the activities known as accreditation, inspection,
registration, and testing all fall under the area of conformity
assessment, which strives to demonstrate that requirements
related to a process, product, system, person, or body are
fulfilled (American National Standards Institute, 2006).

For individuals, certifications provided opportunities to
demonstrate knowledge and gain credibility. Certifications also
increased the likelihood that individuals would be employed.
In the information technology industry for instance, Cegielski
(2004) found that human resource professionals placed a
greater value on job candidates who held an Information
Systems Networks (ISN) certification than those who did not,
if for no other reason than it provided a basis for selection,
minimizing their personal responsibility. In the medical field,
certifications were found to improve the quality of work.
Byrne, Valentine and Carter (2004) conducted a study of the
Certification Board Perioperative Nursing specialty certification
in particular. They found that 72 percent of respondents (both
certified and non-certified respondents) believed there were one
or more benefits of certification, including error and mishap
reduction. In spite of these seemingly obvious advantages
for the individual in obtaining certification in a technical
field of expertise, many still discounted the value of various
certifications. Ray and McCoy (2000) noted that certification
was highly regarded in the fields of medicine and accounting,
yet other professionals, in Information Technology (IT) for
instance, struggled with the value of certifications. They cited
a lack of an unbiased group that determines exam content (as
in Microsoft and Novell certifications), a rapidly changing IT
field, a reluctance of educators to maintain their own proficiency
levels in certification exams, and a feeling that exams, instead
of theory, may drive class curriculums. In spite of these pitfalls,
Ray and McCoy’s research found that employers enjoyed
improved productivity, morale and quality, educators benefit
from receiving additional assessment tools for their courseware,
and students benefit by improving their marketability.

Perhaps more importantly than for the individual, there are
economic and safety reasons for adopting a regimented
system of standards and certifications for our country. On a
macroeconomic level, standards and certifications allow for

the developers and suppliers of products and services to select
systems based on widely accepted specifications (International
Organization for Standardization, 2006). This means that
businesses and corporations using common standards are free
to compete in worldwide markets. For customers and society,
increased competition brings lower prices, since manufacturers
and service providers can compete utilizing the same methods of
manufacturing and compatibility. The Institute of Electrical and
Electronic Engineers Standards Association (IEEE-SA) (2006)
advocates the uses of standards as well, noting that standards
help solve everything from product compatibility issues to
consumer health and safety issues. IEEE-SA goes on to state
that standards are fundamental building blocks of international
trade, allowing for interoperability and interconnectivity of
systems and products. The U.S. government has a keen interest
in standards and supports organizations such as The American
National Standards Institute (ANSI) which is a non-profit
organization that administers and coordinates the
United States voluntary standardization and conformity
assessment system. ANSI and similar groups are active
in both national and international standards, seeking to
facilitate the United States global competitiveness. ANSI
has developed a national strategic plan for addressing
concerns regarding health, safety, the environment,
and our economy. Finally, standards are being increasingly
applied in global trade, and their effect has become more
obvious as trade liberalization has brought down tariffs in many
parts of the world (World Trade Organization, 2005).

RAMIFICATIONS FOR AVIATION

From an aircraft electronics technician standpoint, the same
advantages of standards and certifications found in other
professions and industries can be realized in the aviation
industry as well. Certainly attainment of a certification can
provide a frame of reference for employers and a means for
individuals to demonstrate knowledge and achievement. For
our aircraft industry, the NCATT certification system can allow
our entire workforce to display a level of expertise, making
our manufacturers, repair facilities, and part manufacturers a
more attractive alternative for both national and international
customers. That is, by providing high-quality aircraft production
and service, our industry producers, suppliers, and maintainers
can remain competitive with the rest of the world.

Ultimately, the safety of the nation’s air system is a primary
justification for the continuous pursuit of a highly trained and
skilled workforce. The 2005 Nall Report notes that 15.6 percent
of general aviation related accidents, including 29 fatalities,
were attributable to the failure of mechanical components or
errors in maintenance (Krey, Niel C., 2006). In the commercial
sector, Boeing (2006) reports that three percent of all hull loss
accidents related to the worldwide commercial jet fleet from
1996 through 2005 were attributable to maintenance. This
should be a concern to the aircraft maintenance industry.

Though detailed data related to specific causes of maintenance
related accidents remains elusive, and is topic for further
research, one study of human factors related to incidents in



aircraft maintenance in Australia has been accomplished. Hobbs
and Williamson (2003) have found that thirteen percent of all
aircraft maintenance errors, whether they resulted in accidents
or not, are knowledge-based. As described earlier, certification
has improved quality and reduced mishaps in the medical and
IT fields. Perhaps if the NCATT AET certification system, with
its focus on endorsements and continuing education had been
adopter earlier, many of these knowledge-based maintenance
errors would have been eliminated, providing a safer air
transportation system.

CONCLUSION

Standard procedures and processes, and the validation of
procedures, processes, and individuals via certification, are
beneficial to individuals as well as our economy. The rigorous
testing, certification, and endorsement system for aircraft
electronics and avionics technicians that is being developed by
NCATT are beneficial to individual technicians, the aviation
industry, and the public as well, through increased safety.
This system helps ensure our workforce remains skilled and
competitive with the world’s developing aviation industry.
The endorsement system is a particularly attractive since it
provides a means for continuous learning, achievement, and
improvement. It is wise for aviation technician educators to be
aware of the NCATT system of certification and endorsements,
as are already many in the aviation industry.
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Turbine Powerplants: Using the A&P
Course to Fulfill Engineering Needs

J.M. Thom and Z. Brzezinski
Purdue University

The Department of Aviation Technology at Purdue University
has been offering courses in its A&P program to students
from Purdue Engineering programs. Engineering students
have been able to take individual courses, several courses to
build a minor in selected areas, take the entire A&P certificate
program, or do double major in both Engineering and in
Aviation Technology.

The current study was prompted when and the authors were
providing engineering students with support in terms of detailed
technical information regarding the construction, maintenance,
and operation of aircraft systems for the engineering design
courses. It became evident that the engineering students did
not have knowledge of the details of aircraft construction and
systems at a level necessary to successfully complete their
engineering analysis. While there was no problem with their
engineering ability, and while they did have a desire to learn,
they lacked a level of detail knowledge that was required
to perform detailed design work. The support provided to
engineering at the time was in regard to turbine powerplant
systems. It therefore became a natural question to determine
what kind of course in turbine engine powerplants could be
useful to both engineering students and senior level technology
students.

In order to do the study a structured data collection and analysis
method was needed. The method chosen was a system used in
industry known as the Quality Functional Deployment (QFD)
system: House of Quality (HOQ). The QFD was a method of
incorporating the voice of the stakeholders into the decision
making process. The HOQ was then used as a graphical data
collection and analysis system which allowed for multiple
dimensions of a problem to be viewed and studied at once.

The number of people asked to provide input for this study
was small because the questions to be answered were specific
enough that it required only the most relevant of participants;
industry professionals, students, and academic instructors.
Surveys with n’s of between 5 and 10 were acceptable because
the QFD/HOQ process was designed as a customer input device
not a statistical survey. The QFD/HOQ process provided the
researchers with a structured way of getting information from
all relevant parties, and provided a way to manage the diverse
inputs.

The Japanese used the QFD/HOQ approach since its
development in the late 1960s, and organizations in the United
States discovered it in the 1980s to better meet customers’

requirements throughout the design process (QFD Institute
website, 2003). The QFD/HOQ process was recognized as a
key decision making tool for Six Sigma organizations throughout
the world (ReVelle, J.B., Moran, J.W., Cox, C.A., 1998, p.1).
Through QFD, every design and manufacturing decision made
was to meet the expressed needs of the customers (Evans, J.R.,
Lindsay, W.M., 2002, p.386).

HOQ uses a matrix diagram to present data. An example of the
House of Quality can be seen in Figure 1. The HOQ is a set
of matrices that helps the user identify and analyze customer
inputs to achieve customer satisfaction. In the HOQ, a set of
matrixes relate the voice of the customer to a product’s technical
requirements, process control plans, and production/service
operations. Each cell in the matrix provides the opportunity to
seek inputs from all the stakeholders involved in the outcome,
and allows stakeholders inputs to be recorded, and deliberated,
in a structured and orderly fashion. It also drives the committee
to seek further data where there is insufficient information to
make a decision.

The QFD/HOQ was deemed an acceptable data organization
tool for the current study because of the QFD/HOQ use
in industry. A literature review found that a survey was
conducted through a collaboration of Tamagawa University
and the University of Michigan, on recent trends of QFD/HOQ
applications. The sample of the survey consisted of 400
Japanese companies and 400 United States companies. 146
Japanese companies responded and 147

I
|

—

Figure 1 (House of Quality matrix)
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United States companies responded. 31.5% of the Japanese
companies used QFD/HOQ in their design process, while
68.5% of the U.S. companies did the same (Akao, Y., 1997,
p.5). Over half of the U.S. companies that responded used
QFD/HOQ in their design process.

Building the House of Quality consisted of six basic steps:

Identify customer requirements (what’s).
Identify technical requirements (how’s).

Relate the customer requirements to the technical
requirements.

Conduct an evaluation of competing products of
services.

Evaluate technical requirements and develop targets.

Determine which technical requirements to deploy in
the remainder of the production/delivery process.
(Evans, J.R. & Lindsay, W.M., 2003, p.388)

There were four surveys conducted in this study to gather inputs
for the HOQ model. The analysis began with customer inputs
that were general and through repeated survey evaluations the
requirements were made progressively more and more specific.
This progressive specificity of the evaluations was required
in order to make the customer desires accomplishable. The
researcher wanted the technical requirements to achieve total
customer satisfaction, but not be ambiguous.

Typically when a survey is conducted to determine what a
customer wants, the customer specifies satisfying factors that
are too vague to be useful. For example an employer may
say that they want graduates to be able to “communicate”. A
car buyer may wish the car to be “comfortable”. While these
are important satisfying factors, the customer response is too
vague to be useful. By using a series of surveys the plan was
to be able to mine the specifics out of otherwise potentially
vague customer wants. In this study the researchers determined
after the fourth survey, that the technical requirements were
precise enough to devise a basic course outline for a turbine
engine course.

Each survey was connected to the preceding survey by way of
objectives or technical requirements rated for importance by
academic and industrial personnel. Not all of the objectives
from the first survey were deemed acceptable enough to make
it through all four surveys.

Six initial objectives in this survey were created from a
brainstorming session with the researcher and a faculty advisor.
The six objectives were based on the academic experiences of
the student researcher and the industry professional experiences
of the Technology faculty member. The six objectives chosen
were:

1. To provide a better understanding and communication
between engineers and technologists.
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2. To give the Engineering students a hands-on approach
to understanding propulsion design, theory, and
manufacturing.

3. To provide a better understanding of the design and
manufacturing process.

4. To allow an opportunity for engineers and technologists to
work as a cohesive team in a real world environment.

5. To give the Engineering and Technology students the
chance to learn industry standards and common practices
in powerplant design and manufacturing.

6. To provide an understanding the how’s and why’s engines
are built the way they are.

The survey was distributed to Engineering faculty, Engineering
students, Aviation Technology faculty, and industry
representatives, and was also completed by this researcher
and the Technology faculty member. The QFD/HOQ model
allowed the parties gathering the data to also participate in the
data input. For each objective in the survey a selection criterion
was developed in order to determine whether the objective
should be used in the next survey to be conducted or whether
that objective should be dropped. Only objectives that were
determined to be of value to the stakeholders progressed to
the next survey. The selection criteria for this first survey was
simple; any objective that was scored as a three, on a three point
scale, by more than half of the customers in any subset group
was selected for the next section. Any criterion that was rated
a one out of three, by any of the subset groups was eliminated
from that objective. Using this method, only the items that the
groups felt strongly positively about were passed and any that
a customer group felt strongly negatively about were dropped.
In the end, only objectives 3 and 6 were important enough to
progress to the next level of study:

1. Better understanding of the design and manufacturing
process. (3)

2. How’s and whys engines are built the way they are. (6)

Next it was next necessary to develop several possible
alternatives, or “how’s”, to find ways to fulfill “what” the
customer’s wanted. Various ways of fulfilling the customer’s
requirements were developed. The 11 technical requirements
listed below were developed by the researcher with the aid of
the participants to the study.

1. Provide lectures on what engines are used for with
discussions of purposes and various applications.

2. Provide lectures on the different materials used in engines,
including metals, composite resins, and consumables.

3. Provide labs where students could gain hands-on experience
in seeing and handling various materials including
evaluation of defects and materials performance.



4. Provide lectures regarding the application of Design for
Manufacture (DFM), Design for Assembly (DFA), and Life-
Cycle Engineering.

5. Provide practical projects where students for DFM, DFA,
and Life-Cycle Engineering analysis.

6. Provide lectures on Integrated Product Teams and
Integrated Product Design, and explain the structures of
Integrated Product Design (IPD)’s in industry.

7. Set up projects involving IPDs.

8. Discuss options and design trade-offs of turbine engines
going through the engine module by module, including
major accessories.

9. Provide options of the standard “Rules of Thumb” used by
engineers, technologists, and users of turbine engines.

10.Teach the computation of turbine engine performance
parameters including things like: thrust, Thrust Specific Fuel
Consumption, Horsepower, etc.

11.Provide the student with the opportunity to see detailed
assemblies and components of turbine engines and to
perform common assembly and test activities.

The purpose of the second survey was for the customers to
rate how well the 11 listed technical requirements, or “how’s”,
satisfied the two customer requirements defined in the first
survey. The second survey yielded the following three customer
requirements from that previous list:

1. Provide lectures regarding the application of DFM, DFA,
and Life-Cycle Engineering.

2. Discuss options and design trade-offs of turbine engines
going through the engine module by module, including
major accessories.

3. Provide the student with the opportunity to see detailed
assemblies and components of turbine engines and to
perform common assembly and test activities.

It was necessary next to develop several possible alternatives,
or “how’s”, to find ways to fulfill the customer’s requirements
defined by the second survey. Various ways of fulfilling the
customer’s requirements were developed. The 22 technical
requirements listed below were developed by the researchers
with the aid of the participants to the current study as means
of fulfilling the customer’s requirements as defined by the
second survey. The technical requirements of this section were
adequate at describing the needs and wants of the customer
because the participants of the technical requirements were
not only experts in their respective fields; they were also the
end customer.

1. Variations and applications of the gas turbine engine.

2. Turbine engine nomenclature.

3. Operational turbine engine theory.

4. Internal and external turbine engine component
comparisons and compatibility.

5. Turbine engine accessories comparisons and
compatibility.

Turbine engine application environment.
Turbine parts and accessory fabrication limitations.

Common inspection and maintenance practices.

© © N o

Variety of turbine engines available for inspection and
assembly/disassembly.

10. Variety of cut-aways of turbine engines, components, and
accessories.

11. Testing and inspection equipment.
12. Common and specialty tools.

13. Instruction on the use of the tools.
14. Manufacturing methods.

15. Guidelines for a more user friendly assembly design.
16. Maintainability.

17. Supportability.

18. Deployability.

19. Serviceability.

20. Compatibility.

21. Affordability.

22. Dependability.

Based on the information gathered in the third survey there
were 10 out of the 22 listed suggestions that progressed onto
Part 4 of this study. They were, in succession of priority:

1. Variations and applications of the gas turbine engine. (1)

2. Guidelines for a more user friendly assembly design. (15)

@

Internal and external turbine engine component comparisons
and compatibility. (4)

Turbine engine accessories comparisons and compatibility. (5)
Maintainability. (16)

Turbine engine nomenclature. (2)

S

Manufacturing methods. (14)

8. Serviceability. (19)



9. Operational turbine engine theory. (3)
10. Supportability. (17)

Part 4 was used to determine the capabilities of the Department
of Aviation Technology in achieving customer satisfaction by
being able to teach the concepts desired by the customers.
There were 10 technical requirements moved on from survey
three, which four Aviation Technology Faculty members rated
as aone, two, or three. Number one represented “least capable
in achieving” which meant the amount of equipment and
funding needed were impractical or unattainable. Number two
represented “capable of achieving with equipment acquisition”,
which meant that with a minimum of funding and equipment
acquisition the requirement was attainable. Number three
represented “capable of achieving”, which meant that with
no funding or equipment acquisition was needed and the
requirement could still be obtained. The following shows what
the Aviation Technology faculty indicated were achievable
given their resources and expertise:

1. Variations and applications of the gas turbine engine.
2. Turbine engine nomenclature.
3. Operational turbine engine theory.

4. Internal and external turbine engine component comparisons
and compatibility.

5. Turbine engine accessories comparisons and
compatibility.

6. Manufacturing methods.

7. Guidelines for a more user friendly assembly design.
8. Maintainability.

9. Supportability.

10. Serviceability

The professors were asked to answer “YES” or “NO” if the
department was able to teach the required subject. If the answer
was “YES”, they were then asked to describe the difficulties
that they expected to experience in the acquisition of funds
and equipment. Based on the findings of the final survey the
Department of Aviation Technology would have no difficulty
in performing the desired functions.

THE RESULTING COURSE OUTLINE

Week one:
= Variations and applications of the gas turbine engine

0 Lecture: Turboprops, turbojets, turbofans, and
turboshafts, operating parameters (TSFC, SFC, hp,
thrust, shaft hp, etc)

o Lab: Orientation on engines and industry standard
practices and safety
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Week two:
e Turbine engine nomenclature
0 Lecture: Abbreviations, terms, and symbols
0 Lab: Begin set up to run turbofan or turbojet engine
Week three:
e Operational turbine engine theory-Turbofan or Turbojet

0 Lecture: Fundamentals of jet propulsion and parts
of a turbine engine Turbojet and turboshaft
operations:

= History and modern applications

= Operation limitations

= Standard components and accessories

= Operation limitations (shaft horsepower)

0 Lab: Finish set up and run Turbofan or Turbojet
engine

= Discuss and observe standard disassembled
components and accessories (turbine wheel,
power takeoff fixed shaft, power takeoff free
turbine)

o Discuss operation limitations (BPR, EPR, CPR).
Week four:
= Operational turbine engine theory-Turboprop operations

0 Lecture: Operation limitations (equivalent shaft
horsepower)

0 Lab: Observe operations and operate Turboprop
Week five:

= Internal and external turbine engine component
comparisons and compatibility.

o0 Lecture: Discussion on fan blades and discussion
on compressors and burners

0 Lab: Finish set up and run Turbofan or Turbojet
engine

= Discuss and observe standard disassembled
components and accessories

Week six:

< Internal and external turbine engine component
comparisons and compatibility.

0 Lecture: Discussion on turbines types

0 Lab: The principles of line maintenance and heavy
maintenance

Week seven:
e Accessories

0 Lecture: Turbine engine accessories comparisons
and compatibility

0 Lab: Compressor and turbine wash



Week eight:
e Maintainability

0 Lecture: Turbine engine accessories comparisons
and compatibility;

= Maintainability.

= The principles of line maintenance and heavy
maintenance.

0 Lab: Compressor blades: Review maintenance
manual and remove nick or scratch

= Fuel nozzle testing
= Component maintenance

=  Turbine nozzle and vanes, review maintenance
manual, inspect determine serviceability limits

Week ten:
= Serviceability

0 Lecture: Lubrication system, review maintenance
manual and change oil and filter and analyze.

= Operational inspection
o Lab: Non-routine inspections
= Borescope, fiberscope, and electronic imaging

= Review operating procedures for borescope and
examine turbine engine for evidence of fatigue

Week eleven:
e Supportability

0 Lecture: Specialized personnel. Standard and non-
standard components, accessories, and hardware

0 Lab: Specialized tools and equipment
Week twelve:
= Manufacturing methods

0 Lecture/Lab: demonstration: Design for
Manufacturability (DFM)and Design for Assembly
(DFA)

Week thirteen:
0 Lecture/Lab: Manufacturing methods

o Life-Cycle Engineering: review LCE principles
and develop a rough methodology for a simple
machine.

= |ean Manufacturing/Agile Manufacturing
Week fourteen:

o0 Lecture/Lab: student exercise: Guidelines for a
more user-friendly design assembly

o Evaluation of the overall assembly

= Using DFA guidelines as a template evaluate
a simple machine Determine improvement
potential

= Evaluation of component retrieval

= Using DFA guidelines as a template evaluate a
simple machine Determine ways of designing
fasteners and components for easy and simple
use within the design

=  Guidelines for a more user-friendly design
assembly

Week fifteen:

0 Lecture: Evaluation of component handling
using DFA guidelines as a template, evaluate a
simple machine. Determine ways to improve the
handling characteristics of components within the
design

o Lab: Evaluation of component mating using
DFA guidelines as a template to evaluate a simple
machine. Determine ways to improve mating of
components and fasteners within the design

CONCLUSIONS

This survey revealed four important things. First, it was possible
to apply an industry acceptable analysis to an educational
guestion and to perform a structured analysis with reasonable
effort. Second, it was revealing how much of what was already
taught at a Technology level was of interest and considered
useful to both Engineering and the industry it served. Third,
the material taught in the propulsion course studied here was
virtually identical to material that could be taught in a 14 CFR
Part 147 course in advanced turbine engines. And finally, it was
encouraging that the Technology based programs possessed
the skills, abilities, and resources to teach information of value
to engineers.

While not all A&P schools posses the equipment and faculty
to offer this material to engineering students, there are 14 CFR
Part 147 programs at four year colleges and universities where
opportunities exist for interaction with engineering programs.
Such interactions can be healthy in that they enhance the
credibility of the A&P program as a profession in the eyes
of academic administrations, they add to enrollments in Part
147 courses, they lead to a percentage of engineering students
deciding to pursue the A&P along with engineering, and can
lead to further collaboration between the technical programs
and engineering on research and other funded programs.
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Turbine Engine Dynamometer
Development

By Mike Leasure

The following article is a summary of the efforts of the faculty
and students within the Purdue Aeronautical Technology
Department to construct and operate a turbine engine
dynamometer installation.

The powerplant courses in AOT have objectives to introduce
the concepts of horsepower measurement and data acquisition
to students. Previously, a small piston aircraft engine was
utilized to drive a liquid cooled eddy current dynamometer.
The engine was instrumented for multiple value measurements
including CHT, EGT, various pressures, and of course
horsepower and RPM measurements. The installation had
large requirements for water cooling equipment and blower
fan power. The cell in which the installation was housed was
exposed to the weather and this made repairs, operation, and
service very unpleasant during the winter.

It was decided that a newer installation would better suit the
needs of our students and potential research project sponsors.
The installation should be portable, easily maintained and
operated, and flexible enough to allow various engines to be
installed without major modifications. A movable installation
with a turbine engine APU and onboard dynamometer cooling
capability would fill our needs well. The installation is moveable
to allow positioning for outdoor operation and then bringing it
into the heated laboratory for repairs or modifications.

A Honeywell GTP-30 auxiliary power unit was selected as the
engine to drive the dynamometer. This 100 horsepower turbine
allowed us to eliminate the cooling requirements of a piston
engine that requires either air or liquid cooling. This eliminated
unnecessary and elaborate systems for powering, and ducting,
air for a blower or installing pumps, hoses, and additional
radiators for liquid cooling. Itis light, of moderate horsepower,
has minimal fuel consumption, and has a convenient spline
drive output on the accessory housing for power output.

The dynamometer itself is a water brake system produced by
Land & Sea of North Salem New Hampshire. They produce
dynamometers for a myriad of applications and offered the best
package for our needs. This dynamometer basically converts
horsepower to hot water so the rest of the installation dealt with
dissipating the heat produced by the absorption of horsepower
through a large reservoir tank, radiator, and cooling fan. The
system required the use of two 110 volt power cords through a
central power distribution box to supply power to the computer,
fuel pump, pressure water pump, fan, and water return pump.
The pictures show much more effectively than my written
description how this is all attached together. The use of only
two common power cords, with all water and fuel requirements
being onboard the trailer, resulted in an installation that was
as self-contained as possible.
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The horsepower measurements may be
displayed in many varied ways on the
computer monitor. This, combined with
the heat and pressure measurements being
displayed and recorded simultaneously,
makes for an educational demonstration.
The development of this project has taken
three semesters and the assistance of two
professors and three student technicians.
The total cost, excluding the turbine
engine, was approximately 24 thousand
dollars. The Land & Sea engine stand and
dynamometer were the most significant
cost beyond the value of the turbine.

The installation will be used to introduce
students to horsepower measurement,
turbine engine installations and service,
data acquisition, and dynamometer
installation operation. It has already
provided a challenging, but educational,
experience for the students and faculty
alike.
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Maintenance Resource Management In
Contemporary FAR 147 Classrooms:
From the Toolbox to the Cockpit

Joe Hawkins, Middle Tennessee State University

ABSTRACT

Discovering aircraft maintenance faults before they become
critical is one of the most challenging endeavors in the aerospace
industry. Even for specially trained professionals, finding human
induced errors can be a time consuming and exhaustive
process because most repair and inspection procedures are
subsequently concealed by structural members, wire bundles
and latched cowls. Through adaptive Maintenance Resource
Management (MRM) scenarios and experiential learning
activities, aspiring technicians can learn to perform their jobs
with more efficiency, increased safety and less stress.

INTRODUCTION

With the goal to improve and standardize both personal
interaction and operational performance, human factors
training has almost always been targeted towards flight crews.
In the past decade, human factors training has expanded into
the air traffic control environment. Although human factors
programs have existed for decades, and Federal Aviation
Regulation (FAR) 14CFR 121.373(a) requires oversight of
human factors affecting technicians, there remains a limited
exposure of human factors for maintenance specialists with
a corresponding lack of emphasis in FAR 147 aviation
maintenance training curriculums (Patankar, Taylor, 2004).

Since commercial air carriers have long realized the importance
of teamwork and effective crew interactions, they along with
numerous national training providers have developed their
own dedicated MRM training programs. Usually these courses
are either initial training for new employees, or offered on a
tuition basis by commercial training providers and professional
consultants that provide other types of specific systems
training.

Fig. 1 MRM
training in
colligate FAR
147 curriculums
W can enhance
under-standing
and identification
of task errors

to prevent
maintenance

: i related accidents.

As in any industry, there is a tendency on the part of aerospace
managers to resist any interruption to scheduled work flows
and completion deadlines. Especially if it involves a measurable
amount of lost production and profit not easily recouped.
Human factors practitioners have always maintained however,
that the diminutive amount of time and money required to
participate in human factors training with the expectation of
improved interpersonal skills is more than returned in added
productivity and safety (Patankar, Taylor, 2004).

Over the course of the past several years, the lack of emphasis
on MRM issues has become an even lesser concern because of
numerous factors. Among these are the economic pressures to
maintain profitability and competitive pricing in an increasing
violet market, labor strife and rising fuel costs. Another concern
is the disturbing industry trend of maintaining profitability
by reducing costs through personnel cutbacks. Several large
operators accomplished this by outsourcing inspections and
maintenance to private industry and providers located in
foreign countries. These maintenance and repair entities,
especially those overseas where labor and work conditions are
structured quite differently than in the United States, may have
little or no MRM emphasis and consequently no appreciation
of MRM training benefits.

Fig. 2 MRM discussions stress that accidents are caused by a
combination of hazards and unsafe behaviors.

=\ 17



Aging aircraft mishaps involving fuselage fatigue and electrical
wiring also provide the impetus to explore MRM issues, and
examine how they relate to all types of aviation maintenance,
not just geriatric aircraft. In fact, many human factors
strategies that apply to other types of industries, such as team
development, better communications and job safety have
direct and compelling applications in aircraft maintenance
operations.

The National Transportation Safety Board (NTSB) along with
a variety of professional associations representing aviation
maintenance and business interests have repeatedly called for
implementation of a MRM program for aircraft technicians,
especially on the collegiate level (Patankar, Taylor, 2004).
Challenged with the problematical growth of aging aircraft
along with the introduction of a new category aircraft such as
Very Light Jets, MRM is one of the key areas where qualified
improvements in aviation safety can be realized.

WHAT IS MRM?

Since man’s first attempts at flight, the human aspect has
always figured prominently in aircraft design and efficiencies.
The first recognized work in the areas of reducing accidents
through a better understanding of human performance was
undertaken during World War 1. The results of these studies
indicated that to be fully effective, the building blocks of human
factors training must include technicians as an integrated part
of the comprehensive program. Experiencing such a total
exposure, technicians not only gain a clearer understanding
of their responsibilities and objectives, but the overall business
environment as well (Edwards, 1988).

MRM is non-technical experiential training inclusive of any
element of instruction and practical exercises that affects a
technician in the performance of his or hers job tasks. Among
the many human factor topics, MRM typically encompasses
situational awareness, error chain recognizition, and improved
communication skills. Other factors of MRM include safety,
scheduling, regulations, efficiency, comfort, operations and
the social synergy component of team work.

The MRM process begins with explaining and understanding
various types of induced errors, not just those resulting from
repetitive tasks such as repair of wheel and brake assemblies
or the mind boring inspection of rivets. MRM training promotes
student centered learning experiences with engaging classroom
activities that produce student behaviors geared towards safety,
airworthiness and professionalism.

SITUATION AWARENESS

Situational awareness is not a vague term nor should it be
a difficult concept to teach or for students to grasp. Instead,
situational awareness is a developed group of intrinsic skills
that when properly recognized and matured, contribute directly
to elevated safety levels, increased production and worker
confidence. It is the natural often subconscious evolution of
normal daily activities, whether driving, in the classroom,
reading a technical journal or engaging in social activities
(Endsley, 1995).
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Perhaps the most important lesson that MRM should impart
in a FAR 147 lesson plan is situation awareness: “knowing
what is going on around you.” A major challenge that MRM
instructors will encounter is realizing that people can vary
significantly in the degree to which they are able to develop
and maintain situational awareness. Age and experience
differences, perceptual speed, hand and eye coordination along
with short and long term memory contribute to these work force
and student diversities (Endsley, 1995).

MRM in collegiate FAR 147 programs can assist aspiring
technicians develop better situational awareness by helping to
build relevant skills such as good scan patterns, contingency
planning and providing a foundation to build their repertoire
of relevant memory stores for a variety of maintenance tasks.
When performing aircraft maintenance functions in practical
labs, MRM scenarios in conjunction with FAA mandated FAR
147 training helps students more keenly develop a number of
dynamics that lead to the deployment of heightened situational
awareness:

= Why a particular course of action is completed in
accordance with manufacturers and federal guidelines
for the work being completed,

= Ensuring that only approved procedures and calibrated
equipment are used,

= Identify and correct potential conflicts quickly.

To fully develop MRM training and enhance course
continuality, students also need to discuss clues to loss of
situational awareness. As lab activities progress, situational
awareness may decline over a period of time, but often leave
clear indicators that could increase the potential for induced
errors. Students need to be alert for: poor work quality, a team
member not properly focused on the task and needs increased
supervision, technical information and equipment ambiguities
and airworthiness.

ERROR CHAIN

Aviation maintenance has experienced many changes over
the past decade. Modern aircraft are assembled with materials,
power plants and electronic systems that did not exist just a
few months ago. At the same time, the number of older aircraft
continues to multiply. To maintain these new generation
aircraft, technicians employ sophisticated equipment along with
a variety of contemporary procedures. One aspect of aviation
maintenance that has not changed, however, is that most
maintenance tasks are still performed by human technicians
and inspectors.

In the chain of events leading to an accident, maintenance
errors generally present many opportunities to interrupt the
chain and prevent the accident. In searching for the cause of an
error, we can typically move in the reverse chronological order
of the process or “chain” until the critical action or condition
is identified. By reviewing the human factors involved in this
series of procedures, the events or links in the error chain can
be identified more easily.



Fig. 4 MRM training includes experiential learning activities
with computer based maintenance and troubleshooting
programs.

Identifying any of the “weak” links or incorrect events in a
maintenance procedure most likely will have prevented the
error. An excellent way for the MRM instructor to present an
error chain and how simple it is to break the sequence would
be an exercise that examines the factual reports of recent
aircraft accidents related to maintenance errors. Through
review and discussion, the instructor can encourage the class
to list and detail as many “weak links” in the error chain as
they can find.

Two maintenance related aircraft accidents highlight the tragic
connection between loss of situational awareness and error
chains. The first is the US Air Express Beechcraft 1900D that
was not able to recover from extreme nose up attitude and
crashed on takeoff in Charlotte, North Carolina (NTSB, AAR
04/01). The second is the in-flight breakup of a Continental
Express EMB-120 near Eagle Lake, Texas caused by separation
of the leading edge cap of the left-hand horizontal stabilizer
(NTSB, AAR 92-004).

Both investigations uncovered numerous problems in both
aircraft maintenance operations and human factors. Among the
human factors common to these accidents included visual and
operational inspections not properly conducted, maintenance
manual procedural steps not completed, work cards improperly
endorsed and weak verbal communications between turnover
Crews.

COMMUNICATIONS

In a period when aviation organizations increasingly expect
employees to work with minimal supervision, competent
communication skills are a necessity. In the maintenance
environment, well-organized communication among various
crew members has received a great deal of emphasis as
operators, regulators, and technicians are exposed to new
aircraft types and gain experience with emerging technologies
(Patankar, Taylor, 2004) .

In aircraft maintenance, communications are often formal, such
as written repair station manuals, engineering orders and work
cards. As illustrated by the Charlotte and Eagle Lake accidents,
a tremendous amount of informal communications also occurs
in the form of verbal turnover briefings between shifts. Aspiring
technicians need to understand the importance of both printed
and verbal communications during maintenance operations
and their resulting safety implications.

Fig. 3 Correct and effective communication, whether printed,
oral, or visual is the thread that binds aviation safety and
airworthiness.

For example, during a routine shift turnover conference in
the maintenance hangar, usually the information transfer
between a lead technician and other crew members is a direct
person-to-person consultation using speech as the medium
of communication. When a crew chief looks for technical
information on a microfiche or when an inspector looks for
the next step of a task on a work-card, the communication
transfer is from the microfiche or the printed work-card to the
person.

Similarly, when an inspector visually inspects an aircraft fuselage
the information transfer is from the aircraft or accessory itself.
Finally, when a technician uses an eddy current oscilloscope
to detect cracks, the information transfer is from the instrument
display.

MRM training in FAR 147 classrooms can incorporate each
of these examples as a communication interface, either
conceptual or physical, that facilitated the proper information.
During person-to-person communication the interface was
conceptual, that is verbal speech. The other examples were
of physical interfaces. Thus, in the case of the operator-
machine system the interface consisted of the control knobs
and informational displays. In the case of the inspector using
a task card the interface is the work-card itself. Finally, in
the case of the inspector using eddy-current equipment, the
communications were the visual indicators and aural tones
basic to the oscilloscope design.
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During the communications portion of the MRM session, each
student should practice how to recognize weak and strong points
of his or her communication style, and how to more effectively
speak and listen. Instructor lead dialogue could include
guestions such as: Do you complete the communications loop
in most of your conversations? Do you and the person to whom
you are speaking with have the same understanding of your
conversation? Are your verbal and written instructions directed
to the responsible task leader? Is feedback whether written or
oral, clear, concise and correct?

CLASSROOM AND LAB ACTIVITIES

In a FAR 147 curriculum, MRM classroom topics can also
include discussions and group projects explaining how various
maintenance organizations operate and how situational
awareness affects the successful completion of any task.
Understanding the critical links in an error chain and how to
recognize procedural mistakes before they become critical will
ensure the highest degree of safety is obtained.

MRM training is not designed nor intended to be a set of “feel
good” exercises students complete to booster self esteem.
On the contrary, MRM stresses that the task be completed on
schedule and in full compliance with federal regulations. It is
important that students realize that continuous communication
is essential and how feedback prevents incidents and accidents
caused by improperly written task cards, misunderstood
instructions from the shift turnover briefing and incomplete or
improper paperwork. Besides the possible loss of life, students
must be conscious of possible FAR violations due to improper
logbook signoffs and why poor discrepancy write-ups must be
avoided (NTSB, AAR-04-01).

Simple MRM maintenance situations easily identified in a
normal academic course in conjunction with student activities
may include:

e Using unsuitable support stands,

= Improper lifting of heavy components,

= Lack of tool control allowing the potential for leaving
tools inside structures when work is complete,

= Failure to ensure the correct closure of cowls, panels
and doors after maintenance.

As colligate FAR 147 students come to understand early
on, the inspection and maintenance of aircraft systems is
unquestionably the most documented segment of the aviation
industry. The overwhelming responsibility aircraft technicians
assume for aircraft safety, regulatory requirements and
airworthiness demands that some type of written paperwork
or computer database accompany every task related to
maintenance or inspection.

Another method of identifying errors and undesirable trends in
FAR 147 experiential learning activities involves looking at a
variety of different procedures in which something went wrong
and then lists the top two or three contributing factors in each
case. The analysis is lead by the instructor and includes the
student groups or teams involved in the operation so they can
provide various interpretations of the actions taken and why.
Using a team approach eliminates the problem of using only
one person’s interpretation of facts or terminology and develops
group synergy. The process also provides an opportunity for
each team member to improve upon his or hers written and
verbal communication skills.

The team approach also allows for discussion concerning
which elements to include in the analysis. For example, should
we include the top 3 causal elements or the top 5? Which
incidents should we include? Is this a procedural problem or a
communication problem?

Using written reports, students are encouraged to report small
errors and situations that afford conditions supporting human
errors. Intentionally designed to be uncomplicated, the reporting
form does contain fields that will help the instructor identify the
major causal factors of the error or the significant conditions
of the situation. An example of a small error reporting form is
shown below:

Report Date: Class:

Team Members: Aircraft:
Procedure:

Describe the incident:

Explain how to avoid this error:

Inspection & Maintenance Error Report

Table 1. Error Reporting Form
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CONCLUSION

The technological advances of the last 20 years have
introduced aircraft systems increasing immune against single
catastrophic failures, either human or mechanical. Despite
superior engineering and manufacturing processes, modern
aircraft systems still also afford dangerous opportunities for the
human induced maintenance errors. As evidence by the Eagle
Lake and Charlotte accidents, breaching systems redundancy
requires an unlikely combination of several contributing
factors, each necessary but none sufficient by itself to cause
the accident. Introducing MRM training and induced error
awareness in FAR 147 curriculums may well be “the last great
frontier” in air transportation.
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materials and equipment to Aviation Maintenance
Schools. Our ability to provide high quality tools
and equipment is preceded by our reputation for
providing high quality training and expertise to
our customer base. Thank you to the 93 schools
that have helped us reach the 20 year mark. We
look forward to working with you in the next 20
years.
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expand your composite program in the future.
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Back to the Future: A survey
of Engineering and Technology
Education over the Last Century

M.A. Thom and J. M. Thom

The role of education in the 21% century is undoubtedly
changing. Discussions by these authors with faculty at four
year institutions across the U.S. indicates an evolution toward
more funded research and less emphasis on teaching. At
the two year institutions there seems to be more interest by
various industries in developing close partnerships in order to
develop the highly trained. There are indications that many
companies are abandoning there long standing policy of hiring
engineers for a “one size fits all” mentality, and are looking to
graduates from technology schools to perform the applications
tasks formerly assigned to engineers. The realization by
many industries that the engineers educated at the end of
the 20" century do not have the applications skills has forced
industries to take a new look at the role of the technology
student for many application functions and has forced the
engineering education community to take a hard look at the
product of the engineering curriculums. Changes in these
engineering curriculums have occurred as a result of radically
revamped engineering educations curricula guidelines under
what is known as the ABET 2000 standards. These standards
for engineering and engineering technology recognized the
changes in the industry needs for graduates and now more
fully recognizes the technology graduate’s contribution to the
engineering discipline.

In an ironic way this has lead engineering and technology full
very nearly full circle back to where it was at the turn of the
20" century. In 1900 the discipline of engineering was much
more like what would be considered technology in today’s
world. Like today, technology and technical schools, educators
struggled with the concepts of being taken seriously as a course
of study worthy of being present at the college or university
level. In the early 1900’s engineering was not considered to
be a course of study that was a truly scholarly pursuit. In those
days the universities considered education, law, and religion
to be the truly scholarly pursuits. Even medicine was only
grudgingly accepted as an academic endeavor. Engineering
was simply a training ground for labor that went of to work
in the great industrial complex of the industrial revolution.
The “enlightened” society of the early 1900’s also served to
downplay the importance engineering since, the role of the
engineer was not enhance the enlightenment of society but
rather simply to work for industry to expand the industrial
movement.
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All of this sounds familiar to those who work in technology
education at the end of the 20" century and the beginning
of the 21 century. It sounds especially familiar to those who
have worked in areas of Aviation Technology and have seen
the changes in that discipline as it evolved in the post WWII
era. Many of the same arguments made about engineering
in the 1900’s have been made about Aviation Technology
in the 2000’s. Some universities do not consider Aviation
Technology to be on scholarly par with other disciplines at the
universities and in many cases the Aviation departments have
not been able to evolve to show their place in the universities.
The result has been a decline in aviation schools in the United
States over the past 30 years and stagnation in the efforts to get
the Aviation Technician recognized as the skilled professionals
that they are.

In the post ABET 2000 environment there may be a chance
to allow the Aviation Technologies to evolve to engineering
technology programs. By taking the skills and knowledge
taught in the four year Aviation Technology programs and
to get those programs accredited as engineering technology
programs, the discipline of aviation maintenance move forward
in the 21 century just as the discipline of engineering did in
the 20" century.

Before any serious attempts can be made to venture into the
discussions of evolving Aviation Technology into Aviation
Engineering Technology, there are some basic foundational
reports that one must be familiar with. These reports are
frequently cited by engineering educators since they detail the
roadmap of engineering education as it evolved in the 20"
century. These reports include: the Mann Report, 1918; the
Wickenden Report, 1930; the Report on Technical Institutes,
1930; the Hammond Report, 1945; and the Grinter Report,
1955. While these reports my seem ancient to many, these are
the foundational philosophical underpinnings of the evolution
of engineering from its beginnings as a supplier of trade
school apprentices for industry, to unquestioned center of all
technical knowledge for modern society. In order to discuss
aviation technical education with university administrators and
traditional engineering educators a working knowledge of these
reports is essential.



THE MANN REPORT

In 1918 Charles Riborg Mann offered the first formal survey of
engineering education, A Study of Engineering Education. This
bulletin covered many of the same concerns still being dealt with
today. In this document, the seeds for many of the contemporary
challenges could be observed, as well as explanations for why
some things in engineering education have become the way
they are. At the time of the report, engineering as a discipline
was about 50 years old. Mann explained that “...significant
characteristics of the report are found in the discussions of the
general failure to recognize such factors as ‘ the values and
cost’, the importance of teaching technical subjects so as to
develop character, the necessity for laboratory and industrial
training throughout the Courses and the use of good English”.
These are some of the same challenges facing contemporary
educators. Mann also points out the difficulties in “establishing
standards by which to measure successes and failures of their
efforts to provide proper training for engineers”.

Under these conditions numerous fundamental
guestions concerning engineering education have
of necessity emerged. Do we need fewer or more
schools? Is the curriculum too long or too short?
Should the engineering school be made a graduate
professional school? What are the present demands
of science, of industry, and of education? How well
are schools meeting these demands? What changes,
if any, seem desirable? The answers to questions like
these are at present both vague and unconvincing.
This study endeavors to define a number of the
more important problems of engineering education,
and to suggest policies and methods that promise
to be fruitful in working towards more satisfactory
solutions.

Mann’s report was the first salvo in the battle regarding the
humanistic content of the engineering curriculum. At the time
of this report, there was a feeling at the colleges that science
and engineering were not appropriate pursuits for institutions of
higher learning. The engineering educators responded that the
conventional forms of instruction at literary colleges were not
suitable for industrial training. Mann quotes J.B. Turner “Book
learning alone does not suffice but must be supplemented with
the study of things. The former produces laborious thinkers the
latter thinking laborers.”

In 1918 the country was recently out of the American Civil
War. There was still much expansion, building and laboring
to do, and the industrial segment of the nation was still in its
infancy. Mann states, “From the beginning the engineering
schools have had a clear conception of their functions. They
themselves understood that their ultimate aim was increased
industrial production, and that their special contribution to this
end was systematic instruction in applied science. In addition
they believed that if this instruction were given with the proper
spirit, engineering would become a learned profession and
scientific research a recognized necessity.”

It was observed by these authors that over the next 100
years scientific research rose to the top in importance and the
application aims of engineering education were diluted and
lost.

The concerns over the level of subdivision and specialization
were already being noted in 1918. Mann pointed out that the
profession had grown from one engineering degree, civil, at
engineering’s inception to two degrees, civil and mechanical
in 1820, to fifteen degrees plus specialties in 1918. At Harvard
and the University of Missouri it was attempted to expand
the program to six years to relieve congestion and raise the
discipline to a professional rank like that of law and medicine.
The attempt was abandoned. It was realized that “this pressure
to keep up-to-date, combined with the natural reluctance of
every teacher to abandon material he has once worked up for
presentation to the class, is fairly certain to produce congestion
even after it has been temporarily relieved”. It was suggested
that “the conception underlying this and all later curricula is
that engineering was an applied science; and therefore, to teach
engineering, it was necessary first to teach science and then
apply it”. This angered the students who found the coursework
structure too abstract and boring. This is the same discussion
being held now with respect to retention and recruitment. Mann
reported that the University of Washington switched to teaching
the applications first and providing the science as needed and
found that it worked quite well. This was the same conclusion
reached by contemporary academic researchers. But like today,
there was a bias against shop work. It was not considered as
being university grade coursework. Teachers of mechanical arts
were rarely granted the title professor. Yet no one denied it was
an essential element in the education of every engineer.

Much the same as contemporary criticisms, Mann stated “the
neglect of the possibilities of shop work was responsible in large
measure for the professional criticisms that graduates cannot
apply theory to practice... On the other hand, the neglect of
shop work was not a result of carelessness or of chance. It was
due to a consistent effort to meet the professional demand
that emphasis in school be placed on the fundamentals of
engineering science”. Mann also provided a list of traits deemed
necessary for success: common sense, integrity, resourcefulness,
initiative, thoroughness, accuracy, an understanding of men,
technological knowledge and skill. This list is similar to the
intrinsic traits identified in this study. “The spirit of investigation
accomplishes valuable results only when the investigator is
resourceful, accurate and efficient in mastering the facts and
when he has judgment, common sense, and perspective. These
qualities depend on the ability to put things in their proper
relationships.”

This is as true today as it was 100 years ago. More over, if one
did not know that this report was written in 1918, it could well
be assumed that Mann was talking about the modern Aviation
Technology programs of the 21% century.
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THE WICKENDEN REPORT

The next major survey of engineering education occurred
between 1923 and 1929. The Report of the Investigation of
Engineering Education was authored by Wickenden for the
Society for the Promotion of Engineering Education (SPEE).
The report was published as two volumes, volume | in 1930
and Il in 1934. This survey was prepared during the ‘roaring
20’s’ and was published during the Depression. Like the Mann
report, many of the concerns expressed were the same as
contemporary concerns: Students were not prepared either in
extent or quality as a foundation for engineering, they did not
know what engineering is or requires. Jobs did not live up to
graduates expectations, because the bulk of the beginning of the
curriculum was to make up for inadequacies in the secondary
schools and, with a four-year time limit, it made a heavy load
of subjects and subject matter.

The Wickenden report also found that, except in mechanical
engineering, the amount of hands on shop training was
decreasing, and that there were a lot of minor subjects of
good content which were destructive to the whole and should
not be included. It was determined that schools should teach
fundamentals as opposed to specialized degrees. The instructors
indicated only chemical engineering and mining needed foreign
languages. Treatment of economics was deemed as necessary
but lacking. Teachers felt shop classes were only relevant
for manufacturing engineering, mechanical and electrical
engineering in particular. Here the beginning of the shift in
value and importance placed on applications in favor of science
was seen. Over 80% of the teachers replied that mathematics
and physical science should not be taught as an end unto
themselves but rather as tools. As the report progressed, the
beginnings of the ‘cerebral’ versus ‘laborer’ dichotomy could
be observed.

This observation should be tempered with the understanding
that at this point in history to be a laborer versus a professional
had significantly different meaning than it did in 1918 or it
does today.

The laborer was truly an uneducated individual with few
prospects. Even though Wickenden bemoaned “our difficulty
is not that we have too much technical education but that we
have yielded to the temptation to make a fetish of the standard
college degree,” the indications of academic snobbery were
observed. This perceived snobbery was observed in the belief
that colleges were the realm of great thought as opposed to
institutions of rote learning. In the small steps of evolution
and the historical frame of the report, this belief in elevation
of thought over labor appeared to be positive. It was with the
hindsight of time that the danger to the knowledge and skills
provided to the students could be seen. Wickenden'’s report
suggested the role of education should be to open the mind
not train it.

The report observed that the program should be “coherent
and integral structures, directed to the grounding of the
student in the principles and methods of engineering and to
those elements of liberal culture which serve to fit the engineer
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for a worthy place in society and enrich his personal life”.
Statements such as these suggest a shift in the philosophy of
teaching engineers how to do something to a philosophy of
teaching how to be something. With respect to the argument
that engineering should be a professional pursuit on par with
the law and medicine, the report observed that engineering was
different from these professions because these professions had
defined activities and distinctive social and legal responsibilities.
“These considerations tended to fix the forms of professional
education into a series of standard patterns. In contrast,
engineering — concerned with the economic use materials
and energy — was one of the very general functions in social
economy, and not the exclusive function of a well-defined
professional group. It had many levels of responsibility and no
clear distinction between the professional and auxiliary levels.”
In Vol. Il, the report went on to note, “We have characterized
the college curriculum in engineering as functional rather than
professional. That is not to minimize its value to the professional
engineer, but to emphasize its broader utility. The majority of
engineering graduates do not enter a profession unless we use
that term in the loosest sense. Instead they enter upon business
and industrial careers in which technical knowledge is known
to be useful if not indispensable to those expecting to advance
to executive positions.”

With regard to shop work, the report found that it was
considered to be important. It was concluded that the purpose
of the shop work was to give students exposure to principles
of shop management and operations, not to result in shop
proficiency. What should be noted is that it was this lack of
proficiency which was eventually used to defend the elimination
of shop work in the 1950s and ‘60s.

Other observations made from the report included a feeling
that engineering colleges focused on disciplines, --mechanical
engineering, chemical engineering, electrical engineering etc.--,
while industry was more interested in functions, i.e. research,
design, operations. It was noted that this report showed more
references to moral aspects of the student and the students’
education than had been seen in the Mann report. It is believed
this is due in part to the reports place in history, when the belief
was that the university was responsible for instilling students
with morals and ethics. The report also shows the first step in the
evolution of the aims of engineering education. The Wickenden
report now suggested the aims should be to provide: 1) a
scientific technique for the control of the forces, materials and
energy of nature, 2) technique for organizing human effort, and
3) technique for appraising the resulting benefits to mankind.
Note that these goals were more complicated than Mann’s, his
being to make manufacturing more productive and efficient.

THE REPORT ON TECHNICAL INSTITUTES

The Study of Technical Institutes was published in 1931 as its
own document and in 1934 in Vol. Il of the Wickenden report.
The purpose of this study was to answer the question: Should
there be more engineering schools or more kinds of schools in
order to meet the shortage of technical graduates? The principal
conclusion presented in the report included the assessment that
a need existed in the postsecondary scheme of education for



large number of technical schools giving more intensive and
practical training than provided by the engineering colleges.
The role for the schools was to train individuals principally
for supervisory and technical positions in industry and for
engineering work of general character. Simply speaking, if the
goal was to learn science, then attend an engineering college,
if the goal was to work in industry at a level of responsibility,
attend a Technical Institute.

In general, with the exception of land grant colleges, the
Technical Institutes grew out of specialized needs from local
industries as opposed to a formal, comprehensive plan.

Wickenden compared the U.S. system to the national system
of technical education in Europe and found it more ad hoc.
One of the observations made during this comparison was that
in Europe higher, middle, and lower were distinctions of type,
whereas in the U.S. the terms conveyed a level of excellence.
This difference in meaning may have been one reason for
the negative response seen to repeated recommendations for
distinctions between education institutions. While the authors
may have been recommending delineation of type, the
audience interpreted them as distinctions in excellence.

Another observation was that the automation being increasingly
incorporated into manufacturing facilities reduced the overall
workforce needs but increased the need for professional and
staff employees. Furthermore, organizations were finding that
young people were going to school and staying in school
longer, further reducing the pool of skilled labor from which
to promote. This resulted in organizations having to educate
to fill their needs as opposed to home growing them.

The other aspect of Technical Institutes as compared to colleges
and universities, was their ability to “cater more effectively to
people with work experience, to men with a career plan, passed
out of book-mindedness and to people who want to do as
opposed to study”. The colleges were not effective in educating
this group of people due to their different needs. Attempts to
provide more intensive and practical forms of postsecondary
education in auxiliary departments largely failed. These practical
courses became “salvage courses for failures in the larger (sic
engineering) courses. Their positive appeal to a distinct group
of genuine promise had been low”. The classes became
stigmatized as courses for people who could not succeed in
the standard engineering courses. A stigma was attached to the
technical courses as being inferior to the engineering courses.
The survey found there were “innumerable positions in industry
for which men of engineering training are sought which do not
utilize a wide range of scientific ...knowledge....The technical
requirements of these (sic high responsibility) posts can be fairly
met by intensive type of engineering training which avoids the
most advanced science features”. It was this lack of a science
requirement that typified technology.

... Innumerable technical pursuits have each an
underpinning of scientific knowledge and a content of

rational practices from which results can be predicted
with a considerable degree of accuracy. Each
draws selectively on many sciences but one need
not master each of these sciences a whole to gain
proficiency in the art. ...Since the bounds of needful
knowledge can be more accurately predetermined
and subject matters introduced selectively, in unit
form, and without the elaborate concatenation which
marks the engineering course, industrial technology
can be taught in much more intensive form than
engineering.

This was different from engineering courses which “represented
the minimum degree of specialization. Within certain broad,
almost generic divisions — civil, mechanical, electrical, etc.— the
aim was to teach, as fully as a fixed time would permit, the
whole science of the field, with only incidental regard to any
particular industry or function. Such specific practices as were
taught were largely the tools of analysis and representation,
and only incidental ends in themselves. Implicit in the whole
process was the aim of preparing the student to choose, on
scientific and economical grounds, among the whole range of
resources which may be employed to solve a problem.*

In 1931, no sharp boundaries could be drawn in the realm
between vocational, industrial and professional education.
“From the viewpoint of industry, a thoroughly trained technician
or operating supervisor ought to be more acceptable than a
half-baked or ill-adjusted engineer”. The report concluded that
technical education had a real and valuable role to play in the
support of America’s burgeoning manufacturing industries.
The document reported a repeatedly observed ratio of 2.3:1
technically trained employees to classically trained engineer.
From the report it was also noted that the Technical Institutes
were more than vocational education schools. While the
curricula were more directly technical than those of the four
year schools, there was still a substantial treatment of the
underlying and related sciences. The programs also included
English communications and economics. Additionally, the
Technical Institutes admitted students based on interest,
unlike the engineering schools which usually admitted based
on scholastics.

It was interesting to note that the predominance of individuals
involved in production were Technical Institute graduates as
opposed to engineers. Because the engineers were typically
educated to perform extended analyses, data gathering and fact
finding, they generally did not function well in the production
area where there was not the luxury of time. Furthermore
the engineering graduates generally did not want to go to
production, though there was need for them. The hours
were longer, the pay not as good, the working conditions less
appealing, and there were fewer opportunities for advancement
as compared to their more theoretical counterparts. Here
was seen another source of the division between white collar
workers and blue collar workers that would plague American
industry for the next 60 years.



THE HAMMOND REPORT

The Aims and Scope of the Engineering Curriculum (1939) and
the Committee on Engineering Education after the War (1944)
reports were authored by H.P. Hammond, was summarized in
Higher Education for Science and Engineering as follows:

Aims and Scope of the Engineering Curriculum
Recommended: diversification of curricula; parallel
technical and humanities/social sciences “stems”
reconsideration of 4-year curriculum and move to 5-
or even 6-year program. Committee on Engineering
Education after the War: Reaffirmed 1939 report;
promoted expanding technician programs to fill
industrial needs then being met, non-optimally,
by engineer; and teaching the “art” of engineering
asdistinct from scientific method (1989).

THE GRINTER REPORT

The Grinter Report is one of the most influential and frequently
referenced surveys in the area of engineering education. It
is not unusual to find the leaders in engineering education
to have the Gritner report readily available any time, and
to have studied the report in depth.. Originally published in
1955 as the Report on Evaluation of Engineering Education,
the Grinter report’s purpose was to develop educational
standards to aid in accreditation efforts. The goal was to provide
differentiation in the engineering education curricula which lie
between pure science and technology. The report presented
nine recommendations. Four of the recommendations
specifically referred to aims involving pure science and basic
engineering science content. One of the nine was specifically
concerned with the curricula supporting research activities.
Of the remaining recommendations related to curricula, one
was regarding appropriate humanities and social content and
one considered oral and written communication. The last two
recommendations dealt with graduate study concerns and the
recruitment and retention of excellent faculty.

Like the Mann and Wickenden reports, Grinter had a clear
aim presented for the engineering profession. Unlike Mann
and Wickenden, the primary function of engineering was
not the control of materials and energy in nature, but rather
to serve society by making laborsaving devices and assuring
society’s welfare and safety. While the connection to society
and supporting its welfare are both true and laudable, the report
demonstrates a shift in engineering’s role. Grinter specifically
compared engineering to physicians; Mann and Wickenden
suggested a desire to be seen as professionals like physicians.

Even more striking was the overt reference to technology as
sub-professional. The document repeatedly placed emphasis on
the learning of, and further development of, engineering science
as a primary end to engineering education. Over one-third of
the report was used in the description of humanities courses
and the expansion of the literary awareness of the engineer.
Noticeable emphasis was placed on the importance of a liberal
education in preparing an engineer to serve society. Grinter’s
report emphasized a re-emergence of the science versus
philosophy dichotomy which troubled engineering education
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during its formative years. It was concluded from the reports
that engineering education was responding to societal pressures
“to do no harm” and the role of education as a socialistic
endeavor. It was also interesting to note that this emphasis on
humanistic and societal involvement occurred at a period in
history where engineers were gaining a reputation for being not
being social. This observation was based on the perceptions of
the researcher from the tone of the literature.

Because the responsibility of an engineer to society, according to
Grinter, was in expanding theory, the recommended emphasis
of education shifted from that presented in previous reports.
This cultural pressure was further multiplied by industry’s need
for more and greater technological discoveries. As has been
discussed in this document, the historical time frame was such
that researchers and scientists were held in higher regard than
the individuals applying the knowledge. This emphasis on
research necessitated an emphasis on including the scientific
method, analysis and synthesis as major components of the
engineering curricula.

The report also considered the needs and requirements of
the engineering faculty. It was suggested that notoriety and
position in one’s field would attract better students. This
would seem to imply the students would be familiar with noted
individuals in the various engineering disciplines and desire to
learn form them. This may have been relevant for attracting
graduate students, but it was not clear how this would attract
undergraduates, who, in the researcher’s experience, were less
likely to be familiar with noted personages.

The support for the elimination of the technical application
courses was much stronger than was observed in previous
reports. It was directly suggested that application education was
the role of industry while universities taught the science which
underlie the practice. It is suggested that “practicing engineers
achieve results by use of a kind of intuitive sense which, no
matter how successful in practice, cannot be transformed
into organized knowledge that can be taught to engineering
students.” Yet later in the same paper, Grinter suggests that
the best use of laboratory time was in letting students explore
ideas, generate data and perform analyses, all of them of the
students’ own designs. Given no other input, this suggested a
requirement for intuitiveness on the student’s part.

It was suggested that the pursuit of analysis and design could
include projects, competition between groups, and open-
ended problem solving. It was noted that Grinter suggested
“synthesizing a new device rather than analyzing an old one.”
This demonstrated a further separation of the students from
applications, presented by the researcher as an underlying
cause for the loss of technical skills. Grinter suggested that
courses of descriptive (hands-on) nature were essentially sub-
professional because they lacked science theory content.

As already mentioned, Grinter expressed an opinion that
the role of laboratory courses, if used, should be of a more
open nature. The students should observe phenomenon and
seek explanations, a definition of fundamental research. With



regards to standard laboratory exercises, Grinter questioned
their value. This raised the question of how the students were
to obtain the basic knowledge of engineering if not by prepared
exercises. This was similar to the philosophy that given abstract
concepts, the students would be able to synthesize the disparate
concepts into the final theory on their own without guidance.

Because of the pressures to include science theory classes,
basic science courses and humanistic exposure, Grinter
acknowledged that in most curricula, something must be
removed. His recommendation was the elimination of courses
emphasizing practical work, skills, or the art of engineering.
Grinter suggested that practices changed too rapidly to be valid
course content for engineering. As a historical review showed,
this elimination of practical courses took place in the majority of
accredited engineering programs. This was a further shift from
the recommendation of Hammond that the art of engineering
be taught separate from the scientific method.

While Grinter placed a value on graphical expression and
spatial visualization for both communications and analysis
activities, he suggested that “its value as a skill alone did not
justify its inclusion in the curriculum.” His suggestion was its
inclusion should be as a natural part of the design analysis
courses. Based on this research, it was likely that a student’s
exposure to learning and practicing the skill to a level that was
useful as an analysis tool was eliminated by the removal of
practical courses which contained a graphical content.

To his credit, Grinter asked industry representatives if they
would “be pleased withgraduates of such programs or would
they prefer men able to earn their salary immediately upon
graduation without special job training?” At this point in time,
most of the industries had sufficient applications knowledge but
were lacking in science experts, so their responses indicated
they would like the graduates to have more theory. It was
likely the industry representatives assumed the students would
continue to receive exposure to applications and that science
theory would be an addition.

The remainder of the Grinter report went into great detail
regarding graduate studies. The reference to a bifurcated
engineering program as preparation for graduate work
remained in this section of the document. The emphasis on
the needs and requirements of a graduate program suggested
a philosophical belief that engineering education should be
performed primarily as support for further formal education.

There are several factors influencing the impact of embracing
Grinter’s recommendations regarding practical content and
science theory. First, research indicates that industry needs
are generally five to ten years out of synch with academia’s
response. The second impact is more long term; the state of
the industries changed radically over the next thirty years while
engineering education did not change radically. While the
Grinter report is not the last survey of engineering education, it
remains the most often used and most influential report during
contemporary curriculum reviews and educational research.

SUMMARY OF ENGINEERING EDUCATION
REPORTS FROM 1918 THROUGH 1956

In comparing the results from the Mann report, the three
Wickenden reports, and the Grinter report, the feeling of
inferiority of engineering to other professional fields can be seen.
In 1918 it was accepted that the role of engineering included both
the science and the application activities. The engineer designed
AND built the bridges, the mines, and the ships. But the labor role
was at odds with the perception of professionalism as compared
to physicians, lawyers and clergy. Engineering professionals
began asking ‘how do we get taken seriously?’.

By 1930 the labor role of the engineer had been down-
graded to a more vocational perception, the role of a blue
collar worker, while the role of science was considered the
realm of the professional, the white collar worker. The gap
between the blue collar worker and the science theorist was
filled by the engineering technology professional who was
more experienced in applications and who held supervisory
and management roles. It is in the inability to reconcile the
need of fulfilling an applications function with the desire to be
seen as pro