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CHAPTER I

INTRODUCTION

Background

“Powered flight, as we know it, is a product of the 20" century. Most historians
agree that it began with the historic flight of those two mechanical geniuses, Wilbur and
Orville. Their epic flight took place at Kitty Hawk, North Carolina on 17 December
1903 and has forever changed our world” (Orlady, 1999, p.1).

The evolution of aviation of flight has continued into the 21* century. “For
several years, a number of aviation manufacturers have been designing and testing
very light jets, a new type of small jet aircraft that are priced below other business
jets and which will come equipped with advanced avionics and be certified for single-
pilot operation” (J. Mica, personal communication, September 12, 2006). The aviation
community has not experienced this type of innovation since Bill Lear launched the
original Lear Jet 23, a business jet, in 1962.

The Federal Aviation Administration (FAA) is preparing to deal with the
challenges presented by a new type of jet aircraft. The very light jet (VLJ) is yet
another step in the perennial evolution of the aviation industry, and the FAA is working

closely with the aviation community to develop safety standards and operating



procedures to ensure its safe integration into the nation’s air traffic system (NAS). The
FAA former Administrator, Marion Blakey, predicted that 5,000 VLJs would be in
operation by 2017 (M. Blakey, personal communications, September 18, 2006).

Creating a small and affordable jet was a landmark general aviation idea,
that remained unrealized until an engine that was small and fuel efficient enough to
power a four to six passenger jet became available. Commitment from the large engine
manufacturers has finally precipitated a new smaller jet engine that has made this dream
of affordable jet ownership and travel a reality.

These jets are powered by a newly developed small power plant. These new
turbofans produce 700 to 1700 pounds of thrust and weigh 100 to 200 pounds. The
engines were developed in response to National Aeronautics and Space Administration
(NASA) General Aviation Propulsion Program (GAP), which ran from 1996 to 2002,
with a goal of delivering a variety of new improved performance engines for General
Aviation (GA). NASA partnered with Williams International in the turbine area and
developed the FIX-2 turbofan. A prototype engine that weighed 85 pounds, produced 700
pounds of thrust, and is now being used by many of the new VLJ aircraft companies. As
a result of the Williams turbofan, many other new engines have been developed by Pratt
& Whitney, General Electric, and others.

VLJs employ carbon composite material for the outer skins and structure, which
will provide increased flexibility and reduced manufacturing costs. Composites have a
known and positive track record and are used in a range of aircraft from the Cirrus single
reciprocating engine of general aviation aircraft to the Boeing 777. The VLI is capable

of a cruising range of 340 to 380 knots over a 1200 to 1300 nautical mile range, which



equates to approximately 3 hours of flying time. Advanced avionics and glass cockpit
technology will be the norm for these aircraft. Manufactures are estimating that it will
take only a few weeks to construct a VLJ. Currently, worldwide, 21 aircraft companies
are planning to operate VLJs.

VLJs range in price from $1.2 to $3.5 million, a price tag not much more
expensive than some of the light piston twins aircraft and small turbo-props. In
addition to their relatively low purchase price, VLJs will have improved fuel efficiency
and be quieter than existing business jets.

These inexpensive single and twin-engine VLJs have the potential to redefine the
business jet segment with significant new air transport technology. The VLIJ is a small jet
aircraft approved for single-pilot operation, although most owner/operators and their
insurance companies will most likely prefer two pilots at the controls in case of medical
or operational emergencies. Companies that use VLJs for commercial ventures are likely
to use a two-pilot crew as a selling point for safety.

Existing markets for the VLIJs include private jet owners and fractional
ownership operators, which typically offer ownership shares of one-quarter or more in an
aircraft. Also interested are companies or government agencies that already operate twin-
turboprop aircraft and want to step up in speed and comfort to small jets. Air taxi “on
demand” commercial operators are expected to be a large consumer of these jets and they
will have to comply with the FAA Part 135 rules. Air taxi operations provide passengers
with the ability to travel from their local airport directly to their target location, bypassing
the traditional hub and spoke airline air travel system. Over time, the VLJ may replace

existing aircraft because of the economy and flexibility that it offers.



Professor Antonio Trani of Virginia Tech, an expert in VLJs and a participant in
an FAA workshop predicts that approximately two-thirds of the 2017 VLJ fleet will
operate as air taxis, with the remainder serving as replacement equipment for existing
corporate and personal jets (A. Trani, personal communications, September 26, 2006).

Some aviation experts have referred to the VL] as a “disruptive technology,”
Clayton M. Christensen of Harvard Business School originated the term in his 1997
book, The Innovator’s Dilemma. Christensen described “disruptive technology” as “a
technology bringing to market a very different value proposition, products typically
cheaper, simpler, smaller, and frequently, more convenient to use.” He went on to say
that a disruptive technology can initially appear to be of limited application and minimal
consumer appeal, but can ultimately trigger changes to industries that fail to recognize
these changes and continue to rely on existing business models and associated “sustaining
technology” (Christensen, 1997, p. 32).

It is chaos’ great destructive energy that dissolves the past and gives us the gift of
a new future. It releases us from the imprisoning patterns of the past by offering us its
wild ride to newness. Only chaos creates the abyss that we can create ourselves
(Wheatley, 1999, p. 119).

Many of the perspective buyers for the VLIs will be owner-operators. Many of
these pilots may be expected to have relatively limited or even no time in flying a jet,
no high altitude experience, they may also lack understanding of flying in a pressurized

cabin.



Statement of Problem

“How does a VLJ pilot training department make sure that a pilot, quite likely a
non professional, is ready to safely fly an all new, relatively high performance jet,
all alone at 41,000 feet?” (Captain W. Michaels, personal communication, December 3,
2007).

The introduction of the VLJ into the aviation community revealed a need to
proactively address risks and anticipate potential safety problems. Most owner-pilots
holding orders for VLJs are new to the performance envelope of these aircraft and many
lack jet experience, that may create significant safety issues.

How owner-pilots adapt to the VLIJ also affects the commercial viability of such
aircraft for sky-cabs and charter companies. Regardless of the owner-pilots’
qualifications, prolific incidents and accidents involving VLJs would discourage the
public interest in using them for transportation.

These innovative aircraft are equipped with automated cockpits and cruising
speeds that require flight management and decision making skills normally expected
from a Airline Transport Pilot (ATP); yet they will be flown by pilots with significantly
lower qualification and experience levels. This calls for a new training philosophy that
must reduce human error elements and accelerate acquisition of higher-level judgment
and decision making skills.

A comparison of accident rates across different sectors of aviation shows that GA
had a significantly higher accident rate than either commercial and corporate aviation.
The technologies now being introduced to GA cockpits may reduce the GA accident rates,

primarily through the touted benefit of improved situational awareness (SA).
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Figure 1. Accident Categories - Pilot Related

Source: NALL Report, 2007

Overall pilot related accidents accounted for 73.8% of the total and 79.1% of fatal
GA accidents. The accidents categories shown in Figure 1 are defined by the phase of
flight in which the accident occurred. Accidents in the categories of weather, other cruise,
descent/approach, maneuvering and other resulted in disproportionately high number of
fatal accidents when compared to total accidents for that category. To be classified as a
GA aircraft the plane must weigh 12,500 pounds or less. The VL] weighs less than

10,000 pounds so it would be included in this category.



Purpose of the Study

The purpose of this study was to determine if the voluntary Federal Aviation
Administration Industry Training Standards (FITS) and Controlled Flight into Terrain
(CFIT) were included in the pilot’s VLJ training programs. In addition, some
demographic variables like age, hours of flying experience and others, were looked at in
relation to selected preference variables like preferred method of training, safety features
and others, to see if there were any significant relationships. This study examines the VL]
pilot training programs to enhance safe and efficient operation of this new category of

aircraft.

Research Questions

1. To what extent are VLJ pilots aware of the FITS program?

2. How are VLJ training programs addressing the CFIT problem?

3. How was feedback provided to the pilots for FITS/CFIT training?

4. Do VLI pilots think it is important to have another pilot in the cockpit?
5. What type of training do VLJ pilots prefer?

6. Is there a relationship between selected variables in the VLJ study?

Assumptions

1. The VLIJs are a new category of jet aircraft and limited information is
available to evaluate the effectiveness of pilot training.
2. The VLJ aviation community will welcome the findings of this study to

enhance their current training programs.



3. The VLI pilots who volunteered to participate in the study will complete the
19 closed-ended and two open-ended questionnaire.

4. The selected sample size is small (25). Purposive sampling was used because
in the opinion of the researcher, based on prior information, it will provide the data
needed.

5. Eclipse Aviation of Albuquerque, New Mexico; Seven Bar Aviation
and Embry Riddle Aeronautical University in Daytona Beach, Florida; Cessna Aircraft
Company and Flight Safety International in Wichita, Kansas provided an ideal location to
interface with VLJ pilots and training officials.

6. Information gathered from this study will be used in safety seminars and

workshops for the aviation community.

Scope and Limitations

To be included in this study, a pilot must have had training in a single or twin
engine VLJ, which is approved for single-pilot operation, weighing less than 10,000 Ibs.

The latest statistics (2008) presented by Very Light Jet Aircraft Industry News
identified these 15 VL] manufacturing companies; Adams Aircraft, Aviation Tech Group,
Cessna Aircraft, Cirrus Design, Diamond Aircraft, Eclipse Aviation, Embracer, Epic
Aircraft, Excel-Jet Ltd., Grob Aerospace, Honda Jet, Maverick Jets, Piper Aircraft,
Spectrum Aeronautical LLC., VLJ Comparison (Very Light Jets Aircraft Industry News

and Information, 2008).



Definitions

AC - Advisory Circular, The FAA issues Advisory Circulars (AC) to inform the
aviation public in a systematic way of non-regulatory material.

ACARS - Aircraft Communication Addressing and Reporting System, aircraft
digital data link system for transmission between aircraft and ground stations,

Advanced Flight Training Device - is a training device that has a cockpit that
accurately replicates a specific make, model, and type of aircraft cockpit, and handling
characteristics that accurately model the aircraft handling characteristics.

AIM - Airmen Information Manual. This is an FAA manual is designed to
provide the aviation community with basic flight information and ATC procedures for
use in the National Airspace System (NAS) of the United States.

ALA - Approach and landing accidents, some CFIT accidents may fall into the
category of ALS.

AME - Aviation Medical Examiner, is a physician who conducts medical
examinations for the FAA.

AQP - Advanced qualification program, an innovative program designed to
increase aviation safety through training and evaluation.

ATP - Airline Transport Pilot, a pilot holding the Airline Transport Pilot
Certificate (ATP) has the highest level of aircraft pilot certification. Those certified as
Airline Transport Pilots are authorized to act as pilot-in-command of an aircraft in air

carrier service.



CFI - Certified Flight Instructor, a pilot who holds an FAA certified pilot
instructor certificate.

CFIT - Controlled Flight into Terrain, an accident in which an otherwise
serviceable aircraft under the control of the crew, is flown (unintentionally) into the
terrain, obstacles or water, with no prior awareness on the part of the crew of the
impending collision. -

CFR - Code of Federal Regulations, the FAA publishes the Code of Federal.
Regulations (CFRs) to make regulatory requirements used in aviation readily available to
the aviation community.

Chi-Square - is used to analyze data that are reported in categories.

COE - Center of Excellence, in the study the reference is the FAA COE.

Contingency Coefficient — is a nonparametric measure of correlation that tells the
researcher the extent of the relationship between two sets of variables.

CRM - Crew Resource Management, concept to utilize and improve the resource
management skills of pilots and others in the aviation system.

FAA - Federal Aviation Administration, an independent agency of the U.S.
government charged with controlling the use of U.S. Airspace to obtain the maximum
efficiency and safety.

FADEC - Full-authority digital engine control, automatically determines engine
parameters and can control engine power for all flight phases.

FITS - FAA/Industry Training Standards is a voluntary program, a joint project of

the FAA sponsored Center for General Aviation Research (CGAR).

10



FBO - Fixed Base Operator, also known as fixed base of operation, is a service
center at an airport that sells fuel, oil, access to parking for an aircraft and other services.

Force Choice/Closed Ended - A selected response format used in questionnaire
Surveys.

GA - General Aviation, airplane operations other than military or commercial
airlines that weigh less than 12,500 pounds.

GAMA - General Aviation Manufactures Association, international trade
association representing over 60 general aviation aircraft and related equipment.

GAO - Government Accountability Office, assist to improve the performance and
assures the accountability of the federal government, also known as the investigate arm of
Congress.

GAP - General Aviation Propulsion Program, this program was developed to
revitalize general aviation.

GPS - Global Positioning System, US satellite based navigational system owned
and operated by the US Defense Department offers precise, global, and continuous
position capability.

IFR - Instrument Flight Rules, is a set of aviation regulations for flying the
aircraft using only the airplane instruments in the cockpit.

ANL - Automated Navigation Leg, is a route of flight that is flown on autopilot
from 400 ft AGL on departure until reaching the decision altitude on a coupled ILS
approach or missed approach point on the instrument approach.

IOE - Initial Operating Experience, pilot flying with a check airmen.

11



JPDO - Joint Planning & Development Office, was established to facilitate the
next generation activities.

Large Aircraft - Aircraft weighing more than 12,500 pounds maximum
certificated takeoff weight.

Light Aircraft - aircraft of 12,500 pounds or less maximum certificated takeoff
weight, also known a general aviation aircraft.

Light Turbine TAA - A jet or turboprop aircraft weighing 12,500 Ibs or less and
equipped with cabin pressurization, and conventional (non-swept) wings. This aircraft
contains all the features of a TAA and will be capable of operating in Class A airspace on
normal mission profiles. A light Jet TAA will be certified for single-pilot operation.

NTSB - National Transportation Safety Board, is an autonomous agency
established in 1975 by the Independent Safety Board Act. The board seeks to ensure that
all types of transportation in the United States are conducted safely.

PIC - Pilot-In-Command, the pilot at the controls of the aircraft.

PT - Pilot in Training, Pilot taking flight lessons.

PTS - Practical Test Standards is the FAA standards for testing a pilot.

Reliability - The degree to which a test reliable measure something consistently,

but not necessarily what it is supposed to be measuring.
SBT - Scenario Based Training, a training system that uses a highly structured script of
real-world experiences to address flight training objectives in an operational environment.
Such training may include initial, transition, upgrade or recurrent training.

SRM - Single Pilot Resource Management is the art and science of managing all

of the resources (both on-board the aircraft and from outside sources) available to a single

12



pilot to ensure that the successful outcome of the flight is never in doubt.

TAA - Technically Advanced Aircraft. A General Aviation aircraft that
combines some or all of the following design features: advanced cockpit automation
system (Moving Map GPS/Glass Cockpit) for IFR/VFR flight operations, automated
engine and systems management, and integrated auto flight/autopilot systems.

Validity - The degree to which a test measures what it is intended to measure.

VEFR - visual flight rules, is a set of aviation regulations in which a pilot may
operate an aircraft by visual references to the environment outside the cockpit

VMP - Virtual Mentor Pilot, is a trained pilot located at a ground based station

providing guidance to the pilot flying the aircraft.
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CHAPTER II

REVIEW OF LITERATURE

A comprehensive search of literature was conducted to better understand the
scope and effectiveness of the Very Light Jet (VLJ) pilot training. There are a
considerable number of flight training books, acronautical programs, and aviation journal
articles written on effective airline pilot training. Since the first VLJ was delivered in
March 2007, very little has been written about the effectiveness of training in this new
category of aircraft.

This study sought to determine if the voluntary Federal Aviation Administration
Industry Standards (FITS) and Controlled Flight into Terrain (CFIT) were included in the
VLI pilot training programs. In addition, some demographic variables like age, hours of
flying experience and others, were looked at in relation to selected preference variables
like preferred method of training, safety features and others, to see if there were any
significant relationships.

The topics for the review of literature were: pilot training, research techniques,
statistical methods of research, simulator devices, government documents, FAA Industry
Training Standards (FITS), National Business Aviation Association (NBAA), pilot
qualifications, mentor program, manufacturer training, recurrent pilot training,

and airport specifications. The combination of these research topics was necessary to
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understand, organize and evaluate pilot training. Pilot training is the first topic addressed

and focused on the interface of other elements in flying.

Pilot Training

There are currently only two manufacturers that have their aircraft Federal
Aviation Administration (FAA) certified and have been delivering to customers. In 2007,
Cessna Citation Mustang in Wichita, Kansas and Eclipse Aviation in Albuquerque, New
Mexico delivered VLIJs to their initial customers. These two companies have developed
their training programs for initial and recurrent training. Their goal was to model their
training programs after the large air-carrier operators.

Training is important and sensitive because it furnishes the primary interface
between aircraft manufacturers, the companies that buy transport airplanes and the pilots
who must fly them. Training also is the interface with the environment in which these
airplanes must be operated, that environment has become increasingly complex. The
airplanes themselves have become both more sophisticated and more expensive (Buck,
1995).

The interfaces between the manufacturers, the airline companies, the pilots, and
the environment as well as the pilot training associated with them is critical factors in
the safe and efficient operation of air transport (Orlady, 1993).

Crew resource management (CRM) is defined as “the effective utilization of all
available resources, hardware, software, and liveware, to achieve safe, efficient flight
operation” (Lauber, 1984). CRM is a philosophy of operation and a body of knowledge

that is an essential part of all flight operations. The VLI is certified for a single pilot
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operation, however, conducting research for this study, insurance companies report that
only 10-15% of the VLJ owners/companies will choose to fly the aircraft with one pilot,
because of the reduction in insurance rates with two qualified pilots. Therefore, CRM
principles will be an integral part of the entire training program, especially in that they
have proven velocity even with a single pilot, as the Australian military has so aptly
demonstrated!

Insurance company statistics have shown that regular, simulator-based initial and
recurrent training for turbine powered aircraft, have reduced both the number and
severity of accidents. Some of the insurance companies are requiring a pre-VL]J training
evaluation. Currently, there are five Level D Full Motion Simulators in operation, three at
the Cessna Aircraft Company in Wichita, Kansas and two at Eclipse Aviation in
Albuquerque, New Mexico. The simulator replicates a specific make, model, and type of
VLJ cockpit, and its handling characteristics accurately model the aircraft. This type of
simulator allows for the pilot to obtain all of the training including his/her final check
ride in the simulator. Under Federal Aviation Regulation (FAR) Part 142, a standardized
curriculum and schedule is a requirement for all VL] pilot trainees in a simulator
environment. A pilot must log a minimum of 16 hours of VLJ flight training and pass a
check ride as a the sole manipulator of the controls in order to get a VLJ type rating
added to their FAA pilot’s certificate.

Following the completion of training in a flight simulator some of the VLI pilots
will be required to obtain additional hours of supervised operating experience (SOE) in
order to exercise his/her pilot-in-command privileges according to Federal Aviation

Regulations (2006) FAR 61.63 (e).
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Cognitive operational behavior can be divided into three categories: skill based,
rule based, or knowledge based behavior (Rasmussen, 1987). More than one behavior
category can be involved in a single instance. These behaviors must be incorporated into
an effective VLJ training program.

In an analysis of 388 Aviation Safety Reporting system (ASRS) incident and
NTSB accident reports, one rather surprising finding was that almost two-thirds of the
events involved some type of difficulty with cognition in the cockpit. These problems
included: confusion, poor decision-making, distraction, and memory problems. In this
NASA study, 281 of the 388 aircraft involved were general aviation aircraft (Burian,

2007).

Government Documents

The foundation of US aviation safety regulations is the voluminous collection
of government documents on the matter. The main regulator for the VLJ is the FAA.
Some of the main documents derived from the FAA are regulations, aircraft certification
documentation, General Counsel Legal Office briefs, Practical Test Standards, (PTS)
FAA Industry Training Standards (FITS), and FAA Advisory Circulars. Crew Resource
Management, FAA Advisory Circular, 120-51E presents guidelines for developing,
implementing, reinforcing, and assessing crew resource management (CRM) training.

Training may be done under the FAA Industry Training Standards (FITS)
concept. The FAA is working with industry as they develop scenario-based training

programs for acceptance under FITS. Manufacturers may also specify in the limitations
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sections of their airplane flight manual (AFM) that selective training be required to act as
pilot-in-command of the aircraft.

The FAA has established a cross-organizational group to address the issues of
safety and system capacity created by the anticipated introduction of thousands of VLIs
over the next the ten years. This group includes elements from the Air-Traffic
Organization (ATO), Flight Standards Service (AFS), Aircraft Evaluation Group (AEG)
and Aircraft Certification Office (ACO). The group’s 35 members has organized its work
under separate committees that focus on specific issues; Pilot Training and Checking;
Flight Operations; Maintenance Inspector Training; and Air Traffic. (M. Baxter, personal
communications, August 9, 2007).

VLIJs were spawned from the NASA Small Aircraft Transportation System
(SATS) program. This initiative was intended to provide safe air travel in new single
pilot jet aircraft, with advanced technology, in all weather. One of the objectives of the
SATS program was to access approximately 5,400 smaller airports in the US. The SATS
observed that 75% of all people and cargo pass through 29 only hub airports, which are
becoming over-crowded (Strait, 2006). “The ability to operate multiple small aircraft, in
near all weather conditions, at virtually any small airport, offers a unique opportunity for
revolutionary transportation growth and passenger convenience” (Abbott, Jones,
Consiglio, Williams, and Adams, 2004). A very important question is whether we can
afford to take the risk of pilots, with little or no jet experience, flying safely at speeds and
altitudes usually reserved for the more heavy airliners carrying over 500 passengers. A
collision between two small aircraft with less than five people is bad enough, but a VLJ

hitting an Airbus 380 would be a flying apocalypse.
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Since the VLJs must be turbojet-powered by definition, an aircraft type rating
is required to fly them and pilots will tested in accordance with the Airline Transport
Pilot (ATP) and Type Rating Practical Test Standards (PTS). The FAA is in the process
of refining the PTS to include more aeronautical decision-making, single pilot cockpit
resource management (CRM) and a greater emphasis on performance analysis and
scenario-based testing.

“Part of the problem in forecasting the demand for VLIJs is the lack of information
available to make more accurate decisions,” Government Accountability Office (GAO)
told house members. “Since VLJ manufacturers have just begun delivering the new
aircraft, there is little information about product demand,” GAO said. “Forecasters
indicated that they base their assumptions about VLJ demand on information about
past deliveries of aircraft in comparable price classes, such as light jets and turbo prop
airplanes. These aircraft, however, do not have exactly the same performance as the
VLIJs” (Government Accounting Office, 2007).

The same holds true for predicting the future of the VLJ in the air taxi market.
Since the first delivery of the VLJ to an air taxi company did not take place until 2007,
there is no past market information to draw upon, GAO said. The delay in getting such
aircraft to the market has made it difficult to project in the future.

A senate hearing, September 28, 2006, was held to learn whether the National
Air Transportation System (NAS) will be able to accommodate the coming crop of
VLlJs ... dubbed “the mosquito fleet” by US Senator Ted Stevens, (R-Alaska). Jack
Pelton, Chairman of the General Aviation Manufactures Association (GAMA), and

Chairman President and CEO of the Cessna Aircraft Company, pointed out that the
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VLIJs will not “darken the skies,” as many have predicted. Pelton added that he believed
that the VLJ market would develop like every other turbine powered general aviation
aircraft; in an evolutionary, rather than a revolutionary, manner. “The introduction

of VLJs will be at a rate in which they will be transparently and smoothly absorbed into
the national air system.” (New Entrants in the U.S. Aviation System, 2006).

If VLI operate shorter flights and travel at lower altitudes then they will have
little effect on capacity. But if they fly higher and longer, the impact will be felt. VLIJs
have a slower climb rate and cruise speed, which could influence their ability to mix in
with other aircraft in terminal and en route environment (GAO Report, 2007). There is a
very real possibility that the VLIJs will increase the complexity of the airspace due to
there performance limitations.

European authorities are squawking over what they call a “loophole” that allows
very light jets to operate without traffic alert and collision avoidance systems (TCAS).
TCAS is required on aircraft bigger than 12,500 pounds and VLIJs are loosely defined as
jets that weigh less than 10,000 pounds. Eurocontrol, which oversees air traffic control in
Europe, is pushing to make this equipment required in VLJs. Alex Hendriks, the deputy
director of air traffic management strategies at Eurocontrol, told the London Times:
"TCAS is mandatory for airlines because of safety considerations. Why should we

exclude a certain category of aircraft just because they are small?" (Hendricks, 2008)

FAA Industry Training Standards (FITS)

The FITS Program is a joint project of the FAA sponsored Center of Excellence

(COE) for General Aviation Research (CGAR), Embry Riddle Aeronautical University,
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University of North Dakota, and the general aviation industry. Their mission statement
is to ensure that pilots learn to s