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Incorporating 3D Printing as an
Introduction to Digital Manufacturing
in an Aeronautical Engineering
Technology Curriculum
Timothy D. Ropp, Clinical Associate Professor – Aeronautical Engineering Technology, Purdue University
Amadou Anne, (B.S., AET) Graduate Student – Aerospace and Aviation Management, Purdue University
J. Michael Davis, Clinical Assistant Professor – Aeronautical Engineering Technology, Purdue University

ABSTRACT
Fluency in application of digital manufacturing practices like
‘additive’ 3D printing is key for engineering and technology
graduates entering the next generation aerospace workforce.
Research faculty and students at Purdue University’s Hangar
of the Future Research Laboratory teamed with the Dept. of
Aviation Technology’s Aeronautical Engineering Technology
Powerplant Lab to design, 3D print, install and operationally
test a 3D printed prototype part on a turbine engine. The
component was a bellmouth inlet manufactured using rigid
plastic prototyping material. This design project was developed
to evaluate ease of integration of advanced manufacturing
practices into existing aeronautical engineering technology
laboratory learning projects. In addition, the component was
successfully tested on the department’s outdoor engine test cell
and is one of a series of advanced aerospace manufacturing
design projects being integrated into Aviation Technology
research and curriculum laboratories at Purdue.
INTRODUCTION
Advances in computing power, automation and the network
enabled workspace have allowed aerospace manufacturers to
rapidly evolve and integrate digital manufacturing practices
like 3D printing directly into production operations at the
point of manufacture or maintenance. These advances are
rapidly changing how we view lifecycle management of today’s
‘smart’ sensor driven air vehicles and their powerplants. 3D
printing in particular has been coined by some as the ‘standard
bearer of the next industrial revolution’ (Koten, 2013) as the
art and science of today’s 3D printing capabilities continues to
allow for faster and more cost effective printing applications
(Brewster, 2014).

As advanced manufacturing practices are being rapidly
integrated along all parts of aerospace manufacturing
processes, the demand for graduates with these skill sets has
increased as well. In fact, a recent study in September 2014
indicated that in addition to core technical background, global
demand for 3D printing and other additive manufacturing
skills in the last year was the highest across high technology
manufacturing industries including aeronautical (Columbus,
2014) where job ads requiring workforce knowledge and skills
in 3D printing alone increased over 103% since 2013. It is
therefore essential that graduates in aerospace manufacturing
and air vehicle maintenance programs have more than just
cursory knowledge of this important technology.
BACKGROUND
The aerospace landscape engineering and technology
graduates enter today is characterized by rapid virtual
collaboration capabilities, multi-sourced data acquisition,
sensing and computer assisted visualization technologies, rapid
prototyping and computer assisted problem solving. All of
these which were once accessible only in the remote domain
of an Information Technology or Engineering department,
are now part of front line operations daily tool kit required
at the point of manufacture or maintenance. They are now
useful portals or reference points for self directed teams
working at all stages of the aircraft or engine’s lifecycle,
aptly referred to as the ‘Digital Thread’ (NIST, 2014). These
critical networked information portals form the basis by which
the U.S. government has defined advanced manufacturing
(U.S. NNMI, 2014) used by many high technology industries
including aerospace, as U.S. manufacturing is becoming
revitalized at a rapid rate.
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To produce successful gradates with the requisite knowledge,
skills and abilities for working with this ‘digital thread’, the
modern aviation engineering technology curriculum must do
more than just discuss this rapidly evolving digital workspace.
Curriculum applications must immerse the learner in direct,
experiential learning applications within a realistic setting.
Integration of advanced manufacturing principles, (like
adding 3D print design solutions to existing methodologies
for air vehicle and engine component fabrication and repair
descried here) has been reported to facilitate transfer of basic
passive textbook knowledge into deeper active learning and
knowledge transfer. This approach, enhanced by access to
more powerful design software and more affordable and
user friendly 3D printing technology, is believed to result in
deeper engagement, optimizing knowledge transfer similar to
previous studies when using computer enhanced, self-directed
learning platforms (Johnson, Adams, & Haywood, 2011;
Ropp, et.al, 2012).
Research shows increased achievement levels and
understanding when classroom material is augmented
with the tools of advanced manufacturing like networked
computing (computer based tools and projects), as

demonstrated by tests of technical content mastery by
Greaves et.al., (2010) in a study on the impact of technology
transformed schools. Adding the additional project attribute
of the learner’s direct involvement in the component design
(including direct involvement in planning, generating and
producing a solution part with the options for creative redesign), not just mastering the installation process, adds
synthesis, evaluation and assessment opportunities to the
learning process, which are the preferred domains of higher
level learning taxonomies (Bloom, 1956; Krathwohl, 2002).
PROJECT DESIGN AND TEST METHODOLOGY
This design-build-test project involved CAD modeling a
component for a jet engine powerplant simulating a common
removal, repair or replacement process. An Allison 250
gas turbine engine was selected as a test platform from
the department’s powerplant laboratory. This particular
powerplant was selected for its compact size, accessibility
and robust operating performance reliability making it easy
to work with and very mobile.
A component routinely inspected, removed and reinstalled
during test cell runs is a bellmouth inlet surrounding the intake
(Figure 1) which was selected as the design test piece.

Figure 1. Engine inlet bellmouth - Original component
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The turbine engine test cell bellmouth is used to simulate an actual aircraft intake system and offered enough complex geometry
for a low to moderate level of design challenge for this project. It must be able to streamline the airflow into the intake of the
engine, allowing the engine to receive a smooth distortion-free supply of air as on an actual aircraft. The bellmouth is also
utilized as an attach point for static temperature, pressure and other test probes.
3D engine component modeling and configuration process
The part was dimensioned and modeled using
CATIA, a commercial three dimensional
computer aided design (CAD) software
application (Figures 2 and 3) in approximately
4 hours by the research student with basic
CATIA skills from AET curriculum courses. This
software was selected because of its original
design for use in aircraft manufacturing and
its continued common use in the aerospace
industry. Other CAD software has been used
successfully in 3D printing as well, provided file
formats are compatible with the 3D print system
being utilized. The most common file format for
many consumer level 3D printers is Standard
Tessellation Language (STL). STL was the file
language used for this print as it proved to be
the easiest format to work with and recognized
by the model printer used for this experiment,
a Makerbot 5th generation 3D print system.

Figure 2. Inlet Dimensions (in mm).

Figure 3. Sketch of the inlet cross-section with dimensions (in mm).
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Because 3D printers create three dimensional parts in x, y and z axis, the inlet component presented constraint challenges
of staying within the print build volume limit of the printer’s design plate. Print build plate limits were 9.9” L (251.46 mm) x
7.8” W (198.12 mm) x 5.9 H (149.86 mm). Because the diameter of the part (222.26 mm) was larger than the width of the
plate, the final installation part had to be 3D printed in two separate halves (Figure 4) which were then attached together after
manufacture to form the finished inlet piece.

Figure 4. CATIA modeled bellmouth inlet half. Courtesy: A. Anne

The full part model configured into the printer’s virtual build plate interface is shown for reference (Figure 5). This view enables
pre-print orientation of the part on the build area.

Figure 5. CATIA modeled bellmouth full inlet on virtual build plate.
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3D engine component print process
The print was accomplished using the department’s current 3D printer, a Generation 5 Makerbot Replicator. When the print
file is loaded into the printer CPU, the printer uses a process known as fused deposition modeling. This essentially involves
numerous passes of the print head extruder, which additively layers melted prototype material, building the part in successive
passes of the print extruder head.
In this test case a polylactic acid (PLA) rigid plastic prototyping test material of 1.75 mm diameter was utilized. This material
was deemed rigid enough to approximate the original strength and structural fit requirements of the original inlet for fit and
low power engine test runs.
Printed Engine component installation and test
The 3D printed inlet (shown in black, Figure 6) had concentric alignment of fastener holes, however some excess material from
printing had to be removed from the holes. Excess material was minimal however, and a sander was used to easily remove
excess material from planar areas taking about 15 minutes. All fastener holes were able to receive the original engine component
fasteners during installation.

Figure 6. 3D printed bellmouth inlet installation.
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A low power test run protocol was used to evaluate overall part integrity and fastener fit. As this part was not designed or
intended for high power structural testing, only low power engine settings were used.
After installation, the engine was secured at an external engine test run up stand (Figure 7).
The test run duration was five minutes evaluating the part’s fit, hardware fastener security and overall structural integrity at
50% rpm.

Figure 7. Turbine engine test run with 3D printed inlet installed.

DISCUSSION
It must be re-emphasized that the printed part was a rigid
plastic filament prototype material, not intended for large
force or structural load testing. It is recognized that 3D parts
as produced in the aerospace industry utilize advanced metal
or composite print processes and have manufacturing and
airworthiness capabilities and approvals for their design and
installed use.
The thrust of this project was 1) to evaluate overall
manufacturability and efficiency of a 3D printed design,
build and installation task and 2) demonstrate the ability
to incorporate 3D printing as part of a deeper, immersive
learning process within an existing Aeronautical Engineering
Technology Part 147 curriculum. As such, the goals for this
phase of the 3D printing research described in this report
were to demonstrate the ‘art of the possible’ by blending
existing curriculum with next generation, digital advanced
manufacturing principles that closely approximate current
industry standard processes. This design project was therefore
considered a success.

CONCLUSION
3D printing within an active learning context notably engaged
multiple learner competencies simultaneously. These included:
problem identification, technical and contextual repair
design, transfer of ideas and creations from virtual to the
material world, installation methods, testing and assessment.
These skills included Computer Aided Design (CAD) for 3D
modeling, hands-on dimensioning, understanding the mission
profile of the powerplant and use case of the part, as well as
understanding the potential benefits and applications of the
additive manufacturing process of 3D printing itself.
Major engine manufacturers are already employing advanced
metal or other aerospace grade materials in 3D printers
to produce aircraft engine fuel nozzles and ducting. This
immersive learning project applied skill sets resulting in deeper
learning with notable tendencies by learners to seek similar
novel assembly and maintenance solutions for other air vehicle
airframe and engines. Future advanced manufacturing projects
will incorporate productivity comparisons (time to print versus
traditional subtractive manufacturing or composite layups)
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and material cost comparisons. The primary benefit noted
for applying 3D printing into an AET project was the ability
to rapidly reproduce a part to test fit, form and function in a
matter of hours that would otherwise take weeks or months to
produce. The student designer was also able to produce and
experiment with customized design variations in a relatively
short amount time while extending learning transfer of core
aerospace design and repair skills into the realm of advanced
manufacturing.

for use with H-8083-30-ATB General Handbook

for use with H-8083-31 Airframe Handbook

for use with H-8083-32 Powerplant Handbook

Matching Workbooks
written and practical exercises; and end of chapter exams

Free Image Bank CDs
970 726-5111 www.ACtechBooks.com www.ACtechbooks.com/wholesale

for instructors teaching with these books

New Title
Human Factors for
Aviation Maintenance
A complete manual covering human factors in the
aviation maintenance environment including
physiological and psychological aspects, human
interaction, communications, risk management,
workforce dynamics as well as understanding and
managing human related errors.
Emphasis is given to the MEDA model (Maintenance
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EASA M-9 compliant to L3 standards
by Hellenic Aviation Training Academy
and Aircraft Technical Book Company
isbn 978 0989754471 ATB part #566
$32.95
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FAA to Begin Evaluation
of Unleaded Fuels for GA
EAA an active leader in industry/government
Piston Aviation Fuels Initiative
Reprinted from EAA

July 10, 2014 - The search for viable alternatives to leaded
avgas is moving to the next stage as the FAA prepares to
begin evaluating fuels submitted for testing through the Piston
Aviation Fuels Initiative (PAFI), announced today by the FAA.
July 1 marked the deadline to submit candidate fuels.
The FAA received nine replacement avgas proposals from
fuel producers Afton Chemical Company, Avgas LLC, Shell
Oil, Swift Fuels, and a consortium consisting of BP, TOTAL,
and Hjelmco.

With the window for submissions closed, the FAA will now
begin assessing the viability of the candidate fuels using the
data packages provided during the submission process. The
FAA will evaluate the proposals in terms of impact on the
existing fleet, production and distribution infrastructure,
environmental considerations, toxicological effects, and cost
of aircraft operations.
The most promising fuels will be selected to participate in
laboratory testing at the
FAA’s William J. Hughes
Technical Center beginning
in September. Fuel
developers will be asked to
supply 100 gallons of fuel
for phase one testing. Fuels
that are successful in the
first phase will move on to
aircraft and engine testing.
The second test phase will
require 10,000 gallons
of fuel and will generate
standardized qualification
and certification data,
as well as property and
performance data.

“Collaboration between
aviation industry and
petroleum innovators
along with aviation and
environmental regulators
is key to finding and
transitioning to the most
viable unleaded aviation fuel
for the greatest possible range
of the general aviation fleet
that currently relies on 100
low-lead avgas,” said Jack
Pelton, EAA’s chairman of the
board. “We have worked hard
to reach this milestone, but it
is only a first step. We must
continue to work together
Congress appears poised
to evaluate and introduce The FAA announced July 10 it would begin evaluato set aside approximately
fuel that meets the highest tion of several unleaded fuels submitted for testing
$6 million to continue the
safety and performance through the Piston Aviation Fuels Initiative (PAFI).
testing program in 2015.
standards, can be supplied Photo credit: Julie Wegner
The FAA has set a 2018
on a consistent, widespread
deadline to develop at least
basis, and is affordable to those who will ultimately use it.”
one new unleaded fuel for general aviation piston aircraft.
PAFI is a joint industry-government effort to facilitate the
development and deployment of a new unleaded avgas that
will meet the needs of the existing piston-engine aircraft
fleet. In addition to EAA and the FAA, the PAFI Steering
Group includes the Aircraft Owners and Pilots Association,
the American Petroleum Institute, the General Aviation
Manufacturers Association, the National Air Transportation
Association, and the National Business Aviation Association.

There are approximately 167,000 aircraft in the United
States and a total of 230,000 worldwide that primarily
rely on low-lead avgas for safe operation. It is the only
remaining transportation fuel in the United States that
contains added tetraethyl lead (TEL) needed to create the
very high octane levels required by high-performance aircraft
engines. Operations with inadequate octane can result in
engine failures.
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Great Training Systems; Greater
Training Choices from
Avotek goes beyond building quality training systems for the AMT lab. Provided with
select* trainers, Avotek includes trainer-specific Computer Based Training modules to
aid instructors in getting greater benefit from the systems.
Each CBT disc features:
• An introduction to the trainer
• An explanation of the system theory and operation
• A basic component overview and trainer operation guide

•

Classroom and lab concepts reinforced through photos
and animated videos.

•

Ideal for individual student or small group study

•

Helps build critical trouble shooting skills

*CBT’s currently available for the following Avotek training systems: AV12, AL14, AL36, AL37, AS60, AS61, AS66, AS76, H90, F51.
See www.avotek.com for trainer details or contact the sales department at:
P.O. Box 219 Weyers Cave, VA 24486
800-828-6835 | Int’l 540-234-9090
www.avotek.com • sales@avotek.com
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Aviation Sustainability through
Electric Propulsion: The Research
and Design Project
Benjamin Albertson, Samuel Martin, Jeffrey Richardson, J. Eric Dietz, and Sergey Dubikovsky
Purdue University

ABSTRACT
Two-semester long senior capstone design course was
implemented in the Aeronautical Engineering Technology
program in 2007 to fulfill requirements of ABET certification.
One of the major goals of the course was to provide
opportunities for students to apply everything they learn
through curriculum while working on a project of their
choice. The purpose of this paper is to chronicle the efforts of
Purdue’s Electric Airplane Research (PEAR) team and inform
the reader of the current state of the project. Also discussed is
the current technology relating to electric propulsion systems,
and various aircraft that utilize this technology.
INTRODUCTION
The ABET certification requires both engineering and
engineering technology programs to implement project
based senior design capstone courses; these standards require
students to demonstrate “the ability to apply the knowledge,
techniques, skills, and modern tools of the discipline to
narrowly defined engineering technology activities” (ABET,
2012, p. 2). At Purdue University’s Department of Engineering
Technology - Aeronautical Engineering Technology (AET)
program, the students themselves formed teams, were able to
select their own project, and worked independently to achieve
final results. The ultimate goal of AET senior design course
is to prepare the students for positions in the modern work
world which include liaison, manufacturing, test, and other
types of engineers. Many of the program graduates are hired
by major aerospace and aviation companies, such as Boeing,
Lockheed Martin, and many others. It is also anticipated
that graduates will move to midlevel management positions
within the first 5 years after graduation (Dubikovsky, Stanley,
& Wild, 2008). To achieve these goals, the problem-based
learning (PBL) approach was implemented for the senior
design capstone course, as it is at many engineering and
engineering technology programs at universities around the
US (Ellis, Carswell, Bernat, Deveaux, Frison, Meisalo, Meyer,
Nulden, Rugelj, & Tarhio, 1998; Brodeur, Young, & Blair,
2002; McIntyre, 2003; Coyle, Jamieson, & Oakes, 2005;
Immekus, Maller, Tracy, & Oakes, 2005).

In the fall of 2011, AET seniors began researching technology
related to the development of an electric powered aircraft.
The idea of an electric light sport aircraft was conceived
through the interaction of three faculty members, who
wanted to reduce cost of the department’s flight program.
It was predicted that this electric aircraft would reduce the
operating cost from $220/hour to around $80/hour. The
initial proposal included an aircraft weighing 1320 pounds,
having a max airspeed of 120 knots with a stall speed of 45
knots, and capable of seating one pilot and one passenger,
and have a single engine with a fixed or ground-adjustable
propeller. The group of researchers at Purdue University
considered using the university’s Cessna 152 airframe due to
flight characteristics closely matching those of the proposed
electric aircraft. However, as the project progressed over the
course of two years, it realized that current electric motor and
battery technologies would be the deciding factor affecting
the airplane’s flight performance and payload. In order to
better identify and study the electrical characteristics of the
system required, the team decided to focus their initial efforts
on the creation of a test stand prior to committing to retrofit
an existing airframe.
ANALYSIS OF PAST AND CURRENT
TECHNOLOGIES
The history of electrically-propelled, fixed wing, manned
aircraft can be dated to October 21st, 1973, when a modified
motor-glider designed by Fred Militky flew for the first time in
Austria (Hepperle, 2012). Then, in April of 1979, the first
manned, solar-powered flight took place when Larry Mauro’s
Solar Riser flew for half a mile and reached an altitude of
40 feet (Experimental Aircraft Association [EAA], 2014a).
Mauro’s airplane was a biplane design, with solar panels
providing 350 watts to a Hughes 500 helicopter battery,
which, in turn, powered a three horsepower electric motor.
After a charging time of one and a half hours, the Solar Riser
could fly under power for three to five minutes, which was
sufficient for the type of flying intended for the aircraft. After
taking off, the pilot would cut the motor and fly the airplane
as a glider while the batteries recharged. This way, the pilot
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was allowed the option of a powered landing (EAA, 2014a).
The Mauro Solar Riser had an empty weight of 125 pounds,
a maximum level speed of 20 mph, and a takeoff distance of
75-200 feet (EAA, 2014b).
Designer Paul MacCready’s Solar Challenger made headlines
in July 1981, when it crossed the English Channel during a
flight from Cormeilles-en-Vexin, France, to Manston Royal
Air Force Base in England (“Sun-Powered,” 1981). The 165
mile flight was made at a cruising altitude of 11,000 feet. The
Solar Challenger is a unique aircraft in that it has no batteries;
instead, it relies on 16,000 solar cells to directly power a 2.7
horsepower motor. The airplane weighs around 210 pounds
and cruises at 30 mph (“Sun-Powered,” 1981). Electric aircraft
made headlines again in the summer of 1990, when designer
and pilot Eric Raymond made the first North American transcontinental flight in his Sunseeker I airplane (Solar Flight,
2013a). The record-making airplane was redesigned in 2006
to include a modified wing, more powerful motor, and updated
battery and electrical system. The new Sunseeker II became
the first solar-powered airplane to cross the Alps in 2009
(Solar Flight, 2013b).
In recent years, the Swiss company Solar Impulse has gained
recognition with its prototype HB-SIA solar-powered airplane.
In 2010, the HB-SIA set three records during a single flight
when it stayed aloft for 26 hours 10 minutes, reached an
altitude of 30,300 feet, and became the first solar-powered
airplane to fly at night (Solar Impulse, 2013a). The HBSIA utilizes 11, 628 solar cells on its wings to charge its
lithium-polymer batteries (Solar Impulse, 2013b). Each of
the four, ten horsepower electric motors are coupled to
gearboxes which drive twin-bladed propellers at 400 RPM.
Crucial to the performance of this airplane is a lightweight,
carbon fiber airframe. The HB-SIA weighs 3,527 pounds,
has a takeoff speed of 27 mph, and a cruise speed of 43
mph. The company is currently building a new airplane, the
Solar Impulse 2, based on its experiences with the HB-SIA
prototype. It is hoped that the Solar Impulse 2 will become
the first solar-powered airplane to circumnavigate the Earth
in 2015 (Solar Impulse, 2013b).
However, the use of electric propulsion systems is not limited
to prototype aircraft. The ElectraFlyer ULS is one of several
electrically-propelled, production aircraft (Lawrence, 2013).
This aircraft is a motor glider and has a carbon fiber/foam
airframe with twin tail boom, lithium-polymer batteries, and
20 horsepower electric motor in a pusher configuration. The
motor has a unique design in that it is an outrunner type,
meaning that the shaft is coupled to a rotating shell of magnets
inside the motor (Lawrence, 2013). Because this type of motor
produces high torque at a low RPM, a gearbox isn’t needed
to drive the propeller (Electric Aircraft Corporation, n.d.;
Lawrence, 2013). The aircraft’s optional, folding propeller is
another design innovation worthy of mention. When driven
by the motor, centrifugal force opens the propeller blades.
However, when the pilot cuts the motor, the blades fold
back, thereby reducing drag and allowing the aircraft the best

performance as a glider. With a price tag of $59,000, the
ElectraFlyer ULS is a reasonable option for those wishing to
buy an aircraft of this type (Lawrence, 2013). The ElectraFlyer
ULS is manufactured by the Electric Aircraft Corporation
and has an empty weight of 245 pounds, a cruise speed of
40 mph, and flight duration of two hours with fully charged
batteries (Electric Aircraft Corporation, n.d.).
PC-Aero of Germany is another leader in the field of electric
propulsion. The company’s Elektra One airplane is notable
in that it resembles a conventional airplane more than it does
a motorized glider. The Elektra One boasts a 160 km/hr (99
mph) cruise speed and an endurance of more than 3 hours,
resulting in a range of over 400 km (249 mi). Empty weight,
including batteries, is 200 kg (441 pounds) and the electric
motor provides 13.5 kW (18 hp) of continuous power (PCAero, 2014a). The surprising performance of this airplane is
perhaps best summarized by a statement on the company’s
website:
“We do not have to wait for new technologies, we
need only to integrate current components (lightweight structures with high-quality aerodynamics,
light and modern electric motors and batteries) in an
optimized system. Our Elektra One is such a modern
single-seat Ultralight Electric Aircraft in composite
construction” (PC-Aero, 2014c, “Electric- & SolarAircraft,” para. 1).
The airplane, together with a solar hanger to charge the
batteries, can be purchased for roughly $137,000 (PC-Aero,
2014a). Another one PC-Aero’s designs, the Electra One
Solar, draws half of its power from solar cells on its wings,
has a cruise speed of 140 km/hr (87 mph), and an endurance
of more than 8 hours (PC-Aero, 2014b).
The Elektra One isn’t the only electric airplane to achieve
relatively high speeds while maintaining endurance. In
2011, Slovenian manufacturer Pipistrel flew its Taurus G4
prototype in the Green Flight Challenge organized by CAFÉ
(Comparative Aircraft Flight Efficiency) and NASA (National
Aeronautics and Space Administration) (“Pipistrel Taurus,”
2013). The aircraft won the efficiency competition after
completing a 200 mile course in less than 2 hours, all the
while achieving an equivalent of 403.5 passenger-miles per
US gallon of fuel. Two days later, the aircraft reached 113.6
mph in the speed competition (“Pipistrel Taurus,” 2013).
These performance characteristics are particularly impressive
considering the aircraft’s four-place seating; in fact, the
airplane carried two people and 400 pounds of ballast during
the Green Flight Challenge. The Taurus G4 is essentially two
Pipistrel Taurus G2 sailplanes joined together, with an electric
motor sitting between the two separate cockpits. The watercooled motor draws from lithium-polymer storage cells and
provides 85 kW (114hp) of continuous power. The airplane is
of primarily composite construction and has an empty weight
of 1,316 pounds (“Pipistrel Taurus,” 2013).
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DEVELOPMENT OF PURDUE ELECTRIC
AIRCRAFT
The original plan for Purdue’s Cessna 152 was to remove
the traditional Lycoming O-235 engine and replace it with a
three-phase permanent magnet motor. The motor chosen by
the previous group of student researchers was a UQM Power
Phase 145 motor/generator. This motor was chosen due to
its power output, tight voltage regulation, excellent thermal
management, and extended range. The motor is capable of
producing 194 peak horse power and 114 horsepower at a
continuous power setting of 5000 RPM while maintaining
93% efficiency. After the removal of the O-235 engine and
mount from the Cessna 152 airframe, a custom-made electric
motor mount was installed along with the UQM PowerPhase
motor. A gear box was added to optimize the power at the
most efficient RPM by providing a 2.03:1 reduction. This gear
box would then drive the propeller. The propeller chosen for
the electric aircraft was the Ivoprop Magnum propeller. The
Magnum is a 3-bladed, composite, ground-adjustable propeller
with a diameter of 66 inches.
The next biggest challenge for the group of researchers was
to decide what type of power source would be used to drive
the motor. A lithium-ion power source was chosen due to the
high power densities associated with these types of batteries.
Because of the high power required by the PowerPhase 145
motor, a high overall pack voltage was chosen to help reduce
the amount of current required to meet these demands. The
overall power comes from three 96V lithium-ion battery packs
wired in series. The batteries for this project were leveraged
from an existing research effort within Purdue’s College of
Technology and are the same ones used in some commercially
available electrical vehicles. The
overall battery pack provides a
total of 288V at 70 amp-hours to
the rest of the system. To maintain
and ensure that the lithium-ion
batteries are operating safely, each
battery module is monitored by an
appropriate battery management
system (BMS) that constantly
reads the current, voltage, and
temperature of each battery pack.
Each individually dedicated battery
management system will disconnect
its battery pack from the system
if the battery current, voltage, or
temperature reaches an unsafe
condition. A set of power contactors
is utilized by the BMS to physically
isolate both the high side and low
side of the battery module from the
rest of the system in the unlikely
event a fault is detected. Having both
high side and low side contactors
provides a dual redundant system
to ensure that the battery pack
Figure 1. Test stand
can be removed from the system if

necessary. Two additional sets of contactors are utilized to
connect the individual 96 volt modules in series and then to
the rest of the system. These contactors provide the user the
ability to have complete control over how and when the battery
modules are connected to the rest of the system. Individual,
as well as overall, battery voltage gauges and current meters
were added to provide a complete vision of the operating
parameters of the system and a method to detect potential
problems before they arise.
In addition to the main power source, a secondary, 12V
power system was included on the test stand. The 12V system
consists of two separate 12V deep cycle marine batteries. One
battery provides power to the control circuitry, while the other
provides power to the cooling system.
DEVELOPMENT OF THE TEST STAND
It was known very early on in the project that a test stand
would need to be constructed in order to test the electric
motor and battery systems prior to their instillation on the
aircraft. The test stand was constructed out of steel square
stock and plates. The stand is mounted on four smart casters
capable of easy positioning during testing operations. The
angled section of the stand as seen in Figure 1 was used
to house all of the electrical components and monitoring
systems. It was originally designed for the battery packs to
be mounted to the test stand and used as a counter weight
on the rear of the stand. However, as an additional safety
caution, a separate battery cart was constructed to allow the
batteries to be separated and isolated from the test stand
to reduce the risk of losing the test stand should all of the
safety systems fail and a catastrophic thermal event occurs.
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A command station at the rear of the test stand provides
the space necessary for the addition of steel counterweight
while also housing the test stand control panel and 12V
battery system. After all components required for a function
test stand had been correctly wired and mounted in place,
¼” polycarbonate sheets were used to protect people and
components from any contact while also providing view of
the electrical systems.
CONTROL AND OPERATION OF THE TEST
STAND
The control panel was designed to be as user-friendly as
possible. For example, all of the switches are laid out so
that the operator will activate each switch in a left-to-right,
top-to-bottom fashion while working through a checklist.
In addition, each gauge is located near the switch that is
associated with it. Diagram 1 provides a simplified schematic
of the power and control systems and is relevant to the
information presented in the next few paragraphs.

The start procedure is begun by enabling the overall 12 volt
master switch; in doing so, power is made available to the
rest of the control panel. 12V is then applied to the three
individual battery management systems by activating a single
switch. This allows the battery management systems to sense
the state of the batteries. The operator then activates three
individual key or “run” switches, thus completing the start-up
procedure for each battery management system. If the state of
the batteries is acceptable, the high side and low side contactors
will close as these key switches are being activated. However,
if a battery management system determines that a battery is
out of tolerance at any point during the start-up procedure or
during the operation of the test stand, it will open the contacts
for that particular battery, thus opening the batteries’ series
circuit and removing power from the inverter. The next step in
the start procedure requires the activation of the four switches
that place the battery modules in series and then to the rest of
the system. The activation of the second pair of switches will
result in the total system voltmeter reading 288V.

HIGH/LOW SIDE RELAYS
(USER CONTROLLED)

INDIVIDUAL BATTERY
VOLTMETERS

BATTERY 1 HIGH/ LOW
SIDE RELAYS
(MLEC CONTROLLED)

SOFT START CIRCUIT
BATTERY 1 and 2 INTERCONNECT RELAY
(USER CONTROLLED)
INVERTER

TOTAL SYSTEM
VOLTMETER

BATTERY 2 HIGH/ LOW
SIDE RELAYS
(MLEC CONTROLLED)

CONTROL PAD INPUT
INVERTER OUTPUT

BATTERY 2 and 3 INTERCONNECT RELAY
(USER CONTROLLED)

BATTERY 3 HIGH/ LOW
SIDE RELAYS
(MLEC CONTROLLED)

DIAGRAM 1

Diagram 1. Simplified schematic of the power and control systems
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Once the lithium battery startup sequence is completed, the
next step is the activation of the two switches corresponding
to the water pump and radiator fan. At this point, a cooling
medium is provided to the motor and inverter. To energize
the inverter, the operator must activate two switches
associated with the soft start circuitry. The first switch places
a resistive series circuit between the power source and the
inverter and charges the inverter’s internal circuitry. After a
five second delay, the second switch is activated, causing the
main contactor to close, thus directly connecting 288V to
the inverter.
At this point, the test stand is ready for actual use. The test
stand provides a hand control pad with two potentiometers,
a direction switch, and an enable switch. The operator first
moves the direction switch to the forward position and then
the enable switch is activated. Moving the potentiometer
labeled accelerator in the upward direction, causes the motor
to begin turning. If at any point regenerative braking is
requested, the potentiometer labeled brake may be moved and
power will be fed into the batteries while the motor is slowed.
With the system fully operational, the operator will be able to
monitor the individual and overall current flow of the system,
as well as the overall and individual battery pack voltages on
the gauge cluster incorporated in the test stand. Additional
data can be read and logged through the onboard CAN data
bus that is included as part of battery management systems.
These values will provide the necessary information needed to
design and build the system that will ultimately be incorporated
in an airplane.
CONCLUSIONS/RECOMMENDATIONS
Purdue University’s electric propulsion test stand is capable
of recording critical test data for the aviation industry, thus
allowing research into the possibility of heavier and faster
electric airplanes. Other possibilities include the testing of
different sets and combinations of batteries. This data could
facilitate critical power to weight calculations applicable to
general aviation aircraft. Another possibility is the runtime and
lifetime capabilities for the battery packs, which could provide
the aviation industry with anticipated flight time and range
without flight testing. General aviation has been looking for a
replacement for petroleum based fuels by either an alternative
fuel or electric power. Many of the current light sport electric
aircraft have low power and are not capable of carrying
passengers. Students at Aeronautical Technology program
are looking into the creation of an electric aircraft that will
be capable of matching conventional engines in horsepower
while carrying passengers. With the research conducted and
data collected through this test stand, it is hoped that future
Purdue students will collaborate and work towards integrating
the test stand components into an airframe such as the Cessna
152. The graduates who participated in the project for last
three years all reported back and indicated that this particular
project higher level opportunities at their current employer.
The authors plan to look in greater detail into the educational
aspects and outcomes of the project in the near future.

REFERENCES

Accreditation Board for Engineering and Technology. (2012, February
12). Criteria for Accrediting Engineering Technology Programs, 2012 –
2013. Retrieved April 1, 2014, from http://www.abet.org/uploadedFiles/
Accreditation/Accreditation_Process/Accreditation_Documents/Current/
tac-criteria-2012-2013.pdf
Brodeur, D., Young, P.W., & Blair, K.B. (2002). Problem-based learning
in aerospace engineering education. Proceedings of the American Society
for Engineering Education Annual Conference and Exposition, Montreal,
Canada.
Coyle, E. J., Jamieson, L. H., & Oakes, W. C. (2005). EPICS: Engineering
projects in community service. International Journal of Engineering
Education, 21(1), 139-150.
Dubikovsky, S., Stanley, D. & Wild, T. (2008, Spring). The importance of
introducing new and advanced materials in technology education. ATEC
Journal, 30 (1), 27-35.
Electric Aircraft Corporation. (n.d.). ElectraFlyer-ULS. Retrieved March 23,
2014, from http://www.electraflyer.com/electraflyer-uls.php
Ellis, A., Carswell, L., Bernat, A., Deveaux, D., Frison, P., Meisalo, V.,
Meyer, J., Nulden, U., Rugelj, & Tarhio, J. (1998). Resources, tools, and
techniques for problem based learning in computing. Proceedings of
ITICSE’98 Working Group on Problem Based Learning, Dublin, Ireland.
Experimental Aircraft Association. (2014). UFM/Mauro solar riser. Retrieved
March 18, 2014, from http://www.airventuremuseum.org/collection/
aircraft/UFM-Mauro%20Solar%20 Riser.asp
Experimental Aircraft Association. (2014). UFM/Mauro solar riser—
specifications. Retrieved March 23, 2014, from http://www.
airventuremuseum.org/collection/aircraft/5UFM-Mauro%20Solar%20
Riser%20Specifications.asp#TopOfPage
Hepperle, M. (2012). Electric flight—potential and limitations. Retrieved
March 23, 2014, from http://www.mh-aerotools.de/company/thecompany.
htm
Immekus, J. C., Maller, S. J., Tracy, S., & Oakes, W. C. (2005). Evaluating
the outcomes of a service-learning based course in an engineering education
program: Preliminary results of the assessment of the Engineering Projects in
Community Service-EPICS. In Proceedings of the 2005 American Society
for Engineering Education Annual Conference & Exposition.
Lawrence, J. (2013). Reddy kilowatt meets the ultralight: Backyard innovator
Randal Fishman continues his quest for personal electric flight. EAA
Experimenter, 2(2).
McIntyre, C. (2003). Problem-based learning as applied to the construction
and engineering capstone course at North Dakota State University.
Proceedings of the 2003 Frontiers in Education Conference, Boulder, CO.
PC-Aero. (2014). Elektra One. Retrieved March 23, 2014, from http://
www.aircraft-certification.de/index.php /elektra-one.html
PC-Aero. (2014). Elektra One Solar. Retrieved March 18, 2014, from
http://www.aircraft-certification.de /index.php/elektra-one-solar.html
PC-Aero. (2014). PC-Aero. Retrieved March 7, 2014, from http://www.
aircraft-certification.de
Pipistrel Taurus G4 CAFE racer. (2013). In Jane’s online. Retrieved March
23, 2014, from http://www.janes.com
Sun-powered airplane crosses channel. (1981, July 8). The New York
Times, pp. A1. Retrieved March 23, 2014, from http://www.nytimes.com
Solar Flight. (2013). Across America. Retrieved March 7, 2014, from http://
www.solar-flight.com/#heritage
Solar Flight. (2013). Sunseeker II. Retrieved March 18, 2014, from http://
www.solar-flight.com/#heritage
Solar Impulse. (2013). Major steps. Retrieved March 23, 2014, from http://
www.solarimpulse.com/en/airplane /major-steps
Solar Impulse. (2013). Solar Impulse HB-SIA. Retrieved March 23, 2014,
from http://www.solarimpulse.com/en /airplane/hb-sia

15

A ‘Hands-On’ Avionics Book
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Maintenance Technician
This book covers subjects now most in demand;
including servicing and troubleshooting on the ramp
and flight line.
The text is easy to understand---no electronic knowledge
required. Instead of formulas and schematics, the book clearly
explains over 30 different systems, then shows how to do an
installation, run wires and fix problems. Everything is illustrated in
full color for fast comprehension.
Already adopted as a text by A&P schools and other training
organizations.
The author, Len Buckwalter, founded Avionics Magazine and
has been writing about the subject for 25 years.
Order from www.avionics.com or aviation book distributors.
All images in the book also available on CD for projection.
Published by Avionics Communications Inc.
Leesburg, VA. Tel: 703 -777-9535
E-mail: publisher@avionics.com
Web: www.avionics.com

Avionics Training: Systems,
Installation and Troubleshooting.
ISBN 1-88-55544-21-9. Pages: 320
Catalog No. AT-01, Price: $4.00.
To see full Table of Contents and
50-page excerpt from the book,
visit www.avionics.com

for use with H-8083-30-ATB General Handbook

Airframe & Powerplant
Mechanics

for use with H-8083-31-ATB Airframe Handbook
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written, oral & practical
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Matching Test Guides
page by page reference to 8083s; includes free on-line ExamPrep

The New Standard
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Peer reviewed and corrected ATB editions.
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all FAA test questions are derived.
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for use with H-8083-32 Powerplant Handbook

Airframe
Workbook

Powerplant
Workbook

Matching Workbooks
written and practical exercises; and end of chapter exams

Free Image Bank CDs
970 726-5111 www.ACtechBooks.com www.ACtechbooks.com/wholesale

for instructors teaching with these books
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AVIATION TECHNICIAN EDUCATION COUNCIL
IVAN D. LIVI AVIATION MAINTENANCE EDUCATOR OF THE YEAR AWARD
Purpose:

This award recognizes the outstanding achievement of an aviation
maintenance technology instructor. This achievement can be in
the form of a single event or long term outstanding performance but
must have had a direct impact on the Aviation Maintenance student.
This award will be presented at the annual ATEC Conference. The winner
will be contacted in late February.
CRITERIA FOR ELIGIBILITY

TO BE ELIGIBLE for the ATEC outstanding educator award, the nominee must:
1.

Be employed by an institution and/or organization that is a member of the Aviation
Technician Education Council.

2.

Be an active instructor of Airframe and/or Powerplant Technicians. The
applicant's workload must be of such a nature that they spend 80% of their workload
time in contact with students teaching actual aviation maintenance technology classes.

3.

Present a completed application with appropriate signatures by January 31 to the
ATEC Business Office email: atec@atec-amt.org.

4.

Nominations may be made for one particular outstanding achievement by a person.
They may also be made for a person who has consistently contributed above average
performance.

5.

Nominees are not eligible if they are a current member of the Executive Board or, as
regular members, they are serving on the Public Relations Committee.
CRITERIA USED FOR EVALUATION

1.

Initiative/creativity: What did this person do, what new ideas or applications were
used and what was the outcome?
Total value in per cent................................................................................................45%

2.

Attitude/performance: What was the direct impact to the student(s)? How was
the attitude and/or performance of the student effected by the event, ideas, or
performance?
Total value in per cent................................................................................................25%

3.

Education/training: What education and training does the nominee possess?
How did this influence the event, idea, or performance?
Total value in per cent.................................................................................................15%

4.

Recommendation(s) and/or nomination statements from the benefit and effect of
the event, idea or performance.
Total value in per cent.................................................................................................15%
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IVAN D. LIVI AVIATION MAINTENANCE
EDUCATOR OF THE YEAR AWARD
NOMINATION FORM
DATE: ______________________________
NOMINEE: ___________________________________________________________________
POSITION/TITLE: _____________________________________________________________
LENGTH OF SERVICE IN THIS POSITION: _______________________________________
NOMINEE ADDRESS: _________________________________________________________
PHONE NO.: Business _________________________ Home ___________________________
INSTITUTION AND/OR COMPANY: _____________________________________________
INSTITUTION AND/OR COMPANY ADDRESS: ___________________________________
_________________________________________________ Phone No. ___________________
NOMINATOR: ___________________________________ Phone No. ___________________
NOMINATOR POSITION/TITLE: ________________________________________________
NOMINATOR ADDRESS: ______________________________________________________
NOTE:

Nomination statements must be limited to this form and not exceed these pages.
Recommendations (separate attachments) are limited to three, no more than one
page each. They must be signed and the organization name stated.
NOMINATION STATEMENT

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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1.

INITIATIVE/CREATIVITY: _______________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________

2.

ATTITUDE/PERFORMANCE: _____________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
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3.

EDUCATION/TRAINING: ________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________

4.

RECOMMENDATIONS AND/OR EFFECT OF PERFORMANCE:
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________

All information given on this application is correct. I hereby authorize release of all information
contained on this application to any authorized awards committee member or board member.

Nominee Signature ________________________________________ Date _________________
Nominator’s Signature _____________________________________ Date _________________
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Tools of the trade.
Whether for personal study or to form the basis of a training curriculum,
ASA publications are the foundation of a strong education.

Textbooks

Reference Resources

Based on Dale Crane’s original series, these are the most
complete, up-to-date textbooks for A&P students and
educators in hardcover, full-color format. Meets 14 CFR Part
147 curriculum requirements and covers all the material in
FAA Knowledge Exams for AMTs. Instructor’s Guide available
with textbook images.

ASA’s references provide mechanics with the essentials.
These handbooks are the source for all the regulations,
terms, definitions, encyclopedic information and data
fundamental to every AMT toolbox. Aviation Dictionary
also available as an app and an eBook!

AMT eKit

Toolbox Essentials

A comprehensive library of essential AMT training and
reference materials for students and instructors. Convenient
downloadable eBook library for use on a PC, Mac, tablet, or
mobile device. Includes the AMT textbook series by Dale
Crane, FAA Handbook series, FAR-AMT, and AC43.13 eBooks.

ASA’s logbooks and pilot supplies are built to withstand
the typical AMT working environment. The AMT and IA
logbook provides a way to track your hours for FAA, job
and insurance requirements. The LED flashlight is compact,
bright, and durable.

Training Starts Here.
AVIATION SUPPLIES & ACADEMICS, INC.
Quality & Service You Can Depend On

See our complete line of study aids, textbooks, pilot supplies and more at your
local airport and in bookstores nationwide. www.asa2fly.com | 800-ASA-2-FLY

JAMES RARDON AVIATION MAINTENANCE
TECHNICIAN STUDENT OF THE YEAR AWARD
Purpose: These awards recognize the outstanding achievement of Aviation Maintenance
Technician students. These achievements must be demonstrated through academics as well as
through involvement that makes a direct impact on the student’s associates, school and/or
community.
Eligibility: To be nominated, an individual must be a full-time AMT student at an institution that
is a member of the Aviation Technician Education Council.
Nomination Process: Nominators must complete a Nomination Form with appropriate
signatures by January 31 and forward it to the ATEC Business Office email: atec@atec-amt.org.
Review Process: Following receipt of the nominations, they will be reviewed by the ATEC
Awards Committee and Northrop Rice Foundation Board of Directors to determine ten (10)
finalists. The ATEC Awards Committee will then select the James Rardon AMT Student of the
Year award winner from the finalists. The winner will be contacted in late February.
Selection Criteria:
1.

Leadership/Motivation: What has the student done to encourage and lead his/her
students to newer and higher levels of learning, or to promote aviation maintenance as a
career?
Total value in per cent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35%

2.

Academics: How has the student approached his/her own learning, and what grade level
has the student achieved?
Total value in per cent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30%

3.

School/Community: What has the student done to assist the school faculty develop
new/better training methods, maintain necessary records and maintenance requirements,
and/or promote the institution in the community?
Total value in per cent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25%

4.

Recommendation(s): Additional (up to 3) recommendations or nomination statements
will be considered to become as familiar as possible with the attributes, abilities and
achievements of the nominated student.
Total value in per cent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10%

Awards: The James Rardon AMT Student of the Year award winner will receive transportation
costs (airfare, hotel, meals, etc.) to attend the ATEC Annual Conference. The recipient will be
honored during the Awards Luncheon and will receive the “James Rardon Aviation Maintenance
Technician Student of the Year” plaque. The other nine (9) finalists will receive by mail a
“James Rardon Outstanding AMT Student” certificate. These ATEC awards are sponsored and
funded by the Northrop Rice Foundation. Registration at the ATEC Annual Conference for the
James Rardon award winner is provided by ATEC.
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JAMES RARDON AVIATION MAINTENANCE
TECHNICIAN STUDENT OF THE YEAR AWARD
NOMINATION FORM
DATE: ________________________
NOMINEE: _____________________________________________________________
LENGTH OF TIME AT THE SCHOOL: _____________________________________
NOMINEE ADDRESS: ___________________________________________________
PHONE NO.: School________________________ Home ________________________
INSTITUTION AND/OR COMPANY: _______________________________________
INSTITUTION AND/OR COMPANY ADDRESS: _____________________________
__________________________________________Phone No. _____________________
NOMINATOR: ____________________________ Phone No. ____________________
NOMINATOR POSITION/TITLE: __________________________________________
NOMINATOR ADDRESS: ________________________________________________
NOTE:

Nomination statements must be limited to this form and not exceed these
pages. Recommendations (separate attachments) are limited to three, no
more than one page each. They must be signed and the organization name
stated.
NOMINATION STATEMENT
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1.

LEADERSHIP/MOTIVATION: _______________________________________

2.

ACADEMICS: ____________________________________________________
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3.

SCHOOL/COMMUNITY: ___________________________________________

4.

RECOMMENDATIONS/ADDITIONAL ACHIEVEMENTS

All information given on this application is correct. I hereby authorize release of all information
contained on this application to any authorized awards committee member or board member.
Nominee Signature _______________________________________ Date ____________
Nominator’s Signature ____________________________________ Date ____________
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For 27 years, CES has been training supplying
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 27 year mark. We
look forward to working with you in the next 27
years.

Contact us for more information on how you can
expand your composite program in the future.
Composite Educational Services, Inc.
CES Composites
719-487-1795
www.cescomposites.com

1986-2014
28 years of Service
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Wing Aero Products, Inc.
The College Aviation Textbook Supplier

Our customers are the most important aspect of what we do. Your patronage
and support for more than 25 years is the reason for our success.
We appreciate your business, now more than ever.
NO one will take better care of you.
Whatever your students need, we can supply it for you.
Please call us today!

Over 100 Product Lines and Vendors

Same Day Shipping.
No Restocking Fee, Ever!

Look to us for all your Training Supplies:
ASA
Jeppesen
Gleim
Avcomm

AMT Test Guides
Log Books
Textbooks
Mechanics Hdbks

Headsets
Charts
Kneeboards

Embroidered Shirts

AMT FARs
Accessories
Computers
Flight Bags

Proud
suppo
for ma rter of ATEC
ny
(Since years!
1987!)

The National Distributor of Aviation Training Materials and Supplies

800-942-9464
Fax 972-463-0078
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