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Preface

This handbook provides the basic knowledge that is essential for pilots. It introduces pilots to the broad spectrum of
knowledge that will be needed as they progress in their pilot training. Except for the Code of Federal Regulations
pertinent to civil aviation, most of the knowledge areas applicable to pilot certification are presented. This handbook is
useful to beginning pilots, as well as those pursuing more advanced pilot certificates.

Occasiondly the word “must” or similar language is used where the desired action is deemed critical. The use of such
languageis not intended to add to, interpret, or relieve a duty imposed by Title 14 of the Code of Federal Regulations (14
CFR).

It is essentia for persons using this handbook to become familiar with and apply the pertinent parts of 14 CFR and the
Aeronautical Information Manual (AIM). The AIM is available online at www.faa.gov. The current Flight Standards
Service airman training and testing material and learning statements for all airman certificates and ratings can be obtained
from www.faa.gov.

This handbook supersedes FAA-H-8083-25B, Pilot's Handbook of Aeronautical Knowledge, dated 2016; the Pilot’s
Handbook of Aeronautical Knowledge Addendum A, dated February 2021; the Pilot’s Handbook of Aeronautical
Knowledge Addendum B, dated January 2022; and the Pilot’s Handbook of Aeronautical Knowledge Addendum C,
dated March 2023.

This handbook is available for download, in PDF format, from www.faa.gov.

This handbook is published by the United States Department of Transportation, Federal Aviation Administration, Airman
Testing Standards Branch, AFS-630, P.O. Box 25082, Oklahoma City, OK 73125.

Comments regarding this publication should be emailed to AFS630comments@faa.gov.



Major Enhancements

This revision of the handbook has only been updated to include the following:

e Pilot’s Handbook of Aeronautical Knowledge Addendum A, dated February 2021
e Pilot’s Handbook of Aeronautical Knowledge Addendum B, dated January 2022
e Pilot’s Handbook of Aeronautical Knowledge Addendum C, dated March 2023

¢ Included language to answer National Transportation Safety Board (NTSB) Safety
Recommendation (SR) A-21-020

This revision is considered a minor revision. A major revision is underway and is planned for release June 2024.
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Introduction

The Pilot’s Handbook of Aeronautical Knowledge provides
basic knowledge for the student pilot learning to fly, as well
as pilots seeking advanced pilot certification. For detailed
information on a variety of specialized flight topics, see
specific Federal Aviation Administration (FAA) handbooks
and Advisory Circulars (ACs).

This chapter offers a brief history of flight, introduces the
history and role of the FAA in civil aviation, FAA regulations
and standards, government references and publications,
eligibility for pilot certificates, available routes to flight
instruction, the role of the Certificated Flight Instructor (CFI)
and Designated Pilot Examiner (DPE) in flight training,
Practical Test Standards (PTS), and new, industry-developed
Airman Certification Standards (ACS) framework that will
eventually replace the PTS.
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History of Flight

From prehistoric times, humans have watched the flight of
birds, and longed to imitate them, but lacked the power to do
so. Logic dictated that if the small muscles of birds can lift
them into the air and sustain them, then the larger muscles
of humans should be able to duplicate the feat. No one knew
about the intricate mesh of muscles, sinew, heart, breathing
system, and devices not unlike wing flaps, variable-camber
and spoilers of the modern airplane that enabled a bird to
fly. Still, thousands of years and countless lives were lost in
attempts to fly like birds.

The identity of the first “bird-men” who fitted themselves
with wings and leapt off of cliffs in an effort to fly are lost in
time, but each failure gave those who wished to fly questions
that needed to be answered. Where had the wing flappers
gone wrong? Philosophers, scientists, and inventors offered
solutions, but no one could add wings to the human body
and soar like a bird. During the 1500s, Leonardo da Vinci
filled pages of his notebooks with sketches of proposed
flying machines, but most of his ideas were flawed because
he clung to the idea of birdlike wings. [Figure 1-1] By
1655, mathematician, physicist, and inventor Robert Hooke
concluded that the human body does not possess the strength
to power artificial wings. He believed human flight would
require some form of artificial propulsion.

The quest for human flight led some practitioners in another
direction. In 1783, the first manned hot air balloon, crafted
by Joseph and Etienne Montgolfier, flew for 23 minutes.
Ten days later, Professor Jacques Charles flew the first gas
balloon. A madness for balloon flight captivated the public’s
imagination and for a time flying enthusiasts turned their
expertise to the promise of lighter-than-air flight. But for
all its majesty in the air, the balloon was little more than a

Figure 1-1. Leonardo da Vinci’ s ornithopter wings.

1-2

billowing heap of cloth capable of no more than a one-way,
downwind journey.

Balloons solved the problem of lift, but that was only one of
the problems of human flight. The ability to control speed and
direction eluded balloonists. The solution to that problem lay
in a child’s toy familiar to the East for 2,000 years, but not
introduced to the West until the 13th century—the kite. The
kites used by the Chinese for aerial observation, to test winds
for sailing, as a signaling device, and as a toy, held many of
the answers to lifting a heavier-than-air device into the air.

One of the men who believed the study of kites unlocked
the secrets of winged flight was Sir George Cayley. Born
in England 10 years before the Mongolfier balloon flight,
Cayley spent his 84 years seeking to develop a heavier-than-
air vehicle supported by kite-shaped wings. [ Figure1-2] The
“Father of Aerial Navigation,” Cayley discovered the basic
principles on which the modern science of aeronautics is
founded; built what is recognized as the first successful flying
model; and tested the first full-size man-carrying airplane.

Figure 1-2. Glider from 1852 by Sr George Cayley, British aviator
(1773-1857).



For the half-century after Cayley’s death, countless scientists,
flying enthusiasts, and inventors worked toward building
a powered flying machine. Men, such as William Samuel
Henson, who designed a huge monoplane that was propelled
by a steam engine housed inside the fuselage, and Otto
Lilienthal, who proved human flight in aircraft heavier than
air was practical, worked toward the dream of powered flight.
A dream turned into reality by Wilbur and Orville Wright at
Kitty Hawk, North Carolina, on December 17, 1903.

The bicycle-building Wright brothers of Dayton, Ohio, had
experimented for 4 years with Kites, their own homemade
wind tunnel, and different engines to power their biplane. One
of their great achievements in flight was proving the value of
the scientific, rather than a build-it-and-see approach. Their
biplane, The Flyer, combined inspired design and engineering
with superior craftsmanship. [ Figure 1-3] By the afternoon
of December 17th, the Wright brothers had flown a total of
98 seconds on four flights. The age of flight had arrived.

History of the Federal Aviation
Administration (FAA)

During the early years of manned flight, aviation was a
free for all because no government body was in place to
establish policies or regulate and enforce safety standards.
Individuals were free to conduct flights and operate aircraft
with no government oversight. Most of the early flights were
conducted for sport. Aviation was expensive and became the
playground of the wealthy. Since these early airplanes were
small, many people doubted their commercial value. One
group of individuals believed otherwise and they became
the genesis for modern airline travel.

P. E. Fansler, a Florida businessman living in St. Petersburg,
approached Tom Benoist of the Benoist Aircraft Company
in St. Louis, Missouri, about starting a flight route from St.

Figure 1-3. First flight by the Wright brothers.

Petersburg across the waterway to Tampa. Benoist suggested
using his “Safety First” airboat and the two men signed an
agreement for what would become the first scheduled airline
in the United States. The first aircraft was delivered to St.
Petersburg and made the first test flight on December 31,
1913. [Figure 1-4]

A public auction decided who would win the honor of
becoming the first paying airline customer. The former
mayor of St. Petersburg, A. C. Pheil, made the winning bid
of $400.00, which secured his place in history as the first
paying airline passenger.

On January 1, 1914, the first scheduled airline flight was
conducted. The flight length was 21 miles and lasted 23
minutes due to a headwind. The return trip took 20 minutes.
The line, which was subsidized by Florida businessmen,
continued for 4 months and offered regular passage for $5.00
per person or $5.00 per 100 pounds of cargo. Shortly after the
opening of the line, Benoist added a new airboat that afforded
more protection from spray during takeoff and landing.
The routes were also extended to Manatee, Bradenton, and
Sarasota giving further credence to the idea of a profitable
commercial airline.

The St. Petersburg-Tampa Airboat Line continued throughout
the winter months with flights finally being suspended when
the winter tourist industry began to dry up. The airline
operated for only 4 months, but 1,205 passengers were
carried without injury. This experiment proved commercial
passenger airline travel was viable.

The advent of World War | offered the airplane a chance
to demonstrate its varied capabilities. It began the war as a
reconnaissance platform, but by 1918, airplanes were being

Figure 1-4. Benoist airboat.

1-3



mass produced to serve as fighters, bombers, trainers, as well
as reconnaissance platforms.

Aviation advocates continued to look for ways to use
airplanes. Airmail service was a popular idea, but the
war prevented the Postal Service from having access to
airplanes. The War Department and Postal Service reached an
agreement in 1918. The Army would use the mail service to
train its pilots in flying cross-country. The first airmail flight
was conducted on May 15, 1918, between New York and
Washington, DC. The flight was not considered spectacular;
the pilot became lost and landed at the wrong airfield. In
August of 1918, the United States Postal Service took control
of the airmail routes and brought the existing Army airmail
pilots and their planes into the program as postal employees.

Transcontinental Air Mail Route

Airmail routes continued to expand until the Transcontinental
Mail Route was inaugurated. [ Figure 1-5] This route spanned
from San Francisco to New York for a total distance of 2,612
miles with 13 intermediate stops along the way. [ Figure 1-6]
On May 20, 1926, Congress passed the Air Commerce Act,
which served as the cornerstone for aviation within the
United States. This legislation was supported by leaders in
the aviation industry who felt that the airplane could not
reach its full potential without assistance from the Federal
Government in improving safety.

The Air Commerce Act charged the Secretary of Commerce
with fostering air commerce, issuing and enforcing air traffic
rules, licensing pilots, certificating aircraft, establishing
airways, and operating and maintaining aids to air navigation.
The Department of Commerce created a new Aeronautics
Branch whose primary mission was to provide oversight for the
aviation industry. In addition, the Aeronautics Branch took over
the construction and operation of the nation’s system of lighted
airways. The Postal Service, as part of the Transcontinental
Air Mail Route system, had initiated this system. The

Figure 1-5. The de Haviland DH-4 on the New York to San
Francisco inaugural routein 1921.

1-4

= New York

2 Cleveland 2 North Platte "= Elko

oryan
e Fowins ]

Figure 1-6. The transcontinental airmail route ran from New York
to San Francisco.

Department of Commerce made significant advances in
aviation communications, including the introduction of radio
beacons as an effective means of navigation.

Built at intervals of approximately 10 miles apart, the
standard beacon tower was 51 feet high, and was topped
with a powerful rotating light. Below the rotating light, two
course lights pointed forward and back along the airway. The
course lights flashed a code to identify the beacon’s number.
The tower usually stood in the center of a concrete arrow
70 feet long. A generator shed, where required, stood at the
“feather” end of the arrow. [Figure 1-7]

Federal Certification of Pilots and Mechanics

The Aeronautics Branch of the Department of Commerce
began pilot certification with the first license issued on April
6, 1927. The recipient was the Chief of the Aeronautics
Branch, William P. MacCracken, Jr. [Figure 1-8] (Orville
Wright, who was no longer an active flier, had declined the
honor.) MacCracken’s license was the first issued to a pilot
by a civilian agency of the Federal Government. Some 3
months later, the Aeronautics Branch issued the first Federal
aircraft mechanic license.

Equally important for safety was the establishment of a
system of certification for aircraft. On March 29, 1927,
the Aeronautics Branch issued the first airworthiness
type certificate to the Buhl Airster CA-3, a three-place
open biplane.

In 1934, to recognize the tremendous strides made in aviation
and to display the enhanced status within the department,
the Aeronautics Branch was renamed the Bureau of Air
Commerce. [ Figure 1-9] Within this time frame, the Bureau
of Air Commerce brought together a group of airlines



Figure 1-7. A standard airway beacon tower.

Figure 1-8. The first pilot license was issued to William P.
MacCracken, Jr.

Figure 1-9. The third head of the Aeronautics Branch, Eugene
L. Vidal, is flanked by President Franklin D. Roosevelt (left) and
Secretary of Agriculture Henry A. Wallace (right). The photograph
wastaken in 1933. During Vidal’ stenure, the Aeronautics Branch
was renamed the Bureau of Air Commerce on July 1, 1934. The
new name more accurately reflected the status of the organization
within the Department of Commerce.

and encouraged them to form the first three Air Traffic
Control (ATC) facilities along the established air routes.
Then in 1936, the Bureau of Air Commerce took over the
responsibilities of operating the centers and continued to
advance the ATC facilities. ATC has come a long way from
the early controllers using maps, chalkboards, and performing
mental math calculations in order to separate aircraft along
flight routes.

The Civil Aeronautics Act of 1938

In 1938, the Civil Aeronautics Act transferred the civil
aviation responsibilities to a newly created, independent
body, named the Civil Aeronautics Authority (CAA). This
Act empowered the CAA to regulate airfares and establish
new routes for the airlines to service.

President Franklin Roosevelt split the CAA into two
agencies—the Civil Aeronautics Administration (CAA)
and the Civil Aeronautics Board (CAB). Both agencies
were still part of the Department of Commerce but the CAB
functioned independently of the Secretary of Commerce.
The role of the CAA was to facilitate ATC, certification of
airmen and aircraft, rule enforcement, and the development
of new airways. The CAB was charged with rule making to
enhance safety, accident investigation, and the economic
regulation of the airlines. Then in 1946, Congress gave the
CAA the responsibility of administering the Federal Aid
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Airport Program. This program was designed to promote
the establishment of civil airports throughout the country.

The Federal Aviation Act of 1958

By mid-century, air traffic had increased and jet aircraft had
been introduced into the civil aviation arena. A series of
mid-air collisions underlined the need for more regulation
of the aviation industry. Aircraft were not only increasing in
numbers, but were now streaking across the skies at much
higher speeds. The Federal Aviation Act of 1958 established
a new independent body that assumed the roles of the CAA
and transferred the rule making authority of the CAB to the
newly created Federal Aviation Agency (FAA). In addition,
the FAA was given complete control of the common civil-
military system of air navigation and ATC. The man who
was given the honor of being the first Administrator of the
FAA was former Air Force General Elwood Richard “Pete”
Quesada. He served as the administrator from 1959-1961.
[Figure 1-10Q]

Department of Transportation (DOT)

On October 15, 1966, Congress established the Department
of Transportation (DOT), which was given oversight of the
transportation industry within the United States. The result
was a combination of both air and surface transportation. Its
mission was and is to serve the United States by ensuring a
fast, safe, efficient, accessible, and convenient transportation
system meeting vital national interests and enhancing the
quality of life of the American people, then, now, and into

Figure 1-10. First Administrator of the FAA was General Elwood
Richard “ Pete” Quesada, 1959-1961.
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the future. The DOT began operation on April 1, 1967. At
this same time, the Federal Aviation Agency was renamed
to the Federal Aviation Administration (FAA).

The role of the CAB was assumed by the newly created
National Transportation Safety Board (NTSB), which was
charged with the investigation of all transportation accidents
within the United States.

As aviation continued to grow, the FAA took on additional
duties and responsibilities. With the highjacking epidemic
of the 1960s, the FAA was responsible for increasing the
security duties of aviation both on the ground and in the air.
After September 11, 2001, the duties were transferred to
a newly created body called the Department of Homeland
Security (DHS).

With numerous aircraft flying in and out of larger cities, the
FAA began to concentrate on the environmental aspect of
aviation by establishing and regulating the noise standards
of aircraft. Additionally, in the 1960s and 1970s, the FAA
began to regulate high altitude (over 500 feet) kite and balloon
flying. In 1970, more duties were assumed by the FAA in the
addition of a new federal airport aid program and increased
responsibility for airport safety.

ATC Automation

By the mid-1970s, the FAA had achieved a semi-automated
ATC system based on a marriage of radar and computer
technology. By automating certain routine tasks, the system
allowed controllers to concentrate more efficiently on the
vital task of providing aircraft separation. Data appearing
directly on the controllers’ scopes provided the identity,
altitude, and groundspeed of aircraft carrying radar beacons.
Despite its effectiveness, this system required enhancement
to keep pace with the increased air traffic of the late 1970s.
The increase was due in part to the competitive environment
created by the Airline Deregulation Act of 1978. This law
phased out CAB’s economic regulation of the airlines, and
CAB ceased to exist at the end of 1984.

To meet the challenge of traffic growth, the FAA unveiled
the National Airspace System (NAS) Plan in January
1982. The new plan called for more advanced systems
for en route and terminal ATC, modernized flight service
stations, and improvements in ground-to-air surveillance
and communication.

The Professional Air Traffic Controllers
Organization (PATCO) Strike

While preparing the NAS Plan, the FAA faced a strike
by key members of its workforce. An earlier period of
discord between management and the Professional Air



Traffic Controllers Organization (PATCO) culminated in a
1970 “sickout” by 3,000 controllers. Although controllers
subsequently gained additional wage and retirement
benefits, another period of tension led to an illegal strike in
August 1981. The government dismissed over 11,000 strike
participants and decertified PATCO. By the spring of 1984,
the FAA ended the last of the special restrictions imposed to
keep the airspace system operating safely during the strike.

The Airline Deregulation Act of 1978

Until 1978, the CAB regulated many areas of commercial
aviation such as fares, routes, and schedules. The Airline
Deregulation Act of 1978, however, removed many of
these controls, thus changing the face of civil aviation in the
United States. After deregulation, unfettered free competition
ushered in a new era in passenger air travel.

The CAB had three main functions: to award routes to
airlines, to limit the entry of air carriers into new markets,
and to regulate fares for passengers. Much of the established
practices of commercial passenger travel within the United
States went back to the policies of Walter Folger Brown, the
United States Postmaster General during the administration
of President Herbert Hoover. Brown had changed the mail
payments system to encourage the manufacture of passenger
aircraft instead of mail-carrying aircraft. His influence
was crucial in awarding contracts and helped create four
major domestic airlines: United, American, Eastern, and
Transcontinental and Western Air (TWA). Similarly,
Brown had also helped give Pan American a monopoly on
international routes.

The push to deregulate, or at least to reform the existing laws
governing passenger carriers, was accelerated by President
Jimmy Carter, who appointed economist and former
professor Alfred Kahn, a vocal supporter of deregulation, to
head the CAB. A second force to deregulate emerged from
abroad. In 1977, Freddie Laker, a British entrepreneur who
owned Laker Airways, created the Skytrain service, which
offered extraordinarily cheap fares for transatlantic flights.
Laker’s offerings coincided with a boom in low-cost domestic
flights as the CAB eased some limitations on charter flights
(i.e., flights offered by companies that do not actually own
planes but leased them from the major airlines). The big air
carriers responded by proposing their own lower fares. For
example, American Airlines, the country’s second largest
airline, obtained CAB approval for “SuperSaver” tickets.

All of these events proved to be favorable for large-scale
deregulation. In November 1977, Congress formally
deregulated air cargo. In late 1978, Congress passed the
Airline Deregulation Act of 1978, legislation that had been
principally authored by Senators Edward Kennedy and

Howard Cannon. [ Figure 1-11] There was stiff opposition to
the bill—from the major airlines who feared free competition,
from labor unions who feared non-union employees, and
from safety advocates who feared that safety would be
sacrificed. Public support was, however, strong enough to
pass the act. The act appeased the major airlines by offering
generous subsidies and pleased workers by offering high
unemployment benefits if they lost their jobs as a result. The
most important effect of the act, whose laws were slowly
phased in, was on the passenger market. For the first time
in 40 years, airlines could enter the market or (from 1981)
expand their routes as they saw fit. Airlines (from 1982)
also had full freedom to set their fares. In 1984, the CAB
was finally abolished since its primary duty of regulating the
airline industry was no longer necessary.

The Role of the FAA

The Code of Federal Regulations (CFR)

The FAA is empowered by regulations to promote aviation
safety and establish safety standards for civil aviation. The
FAA achieves these objectives under the Code of Federal
Regulations (CFR), which is the codification of the general
and permanent rules published by the executive departments
and agencies of the United States Government. The
regulations are divided into 50 different codes, called Titles,
that represent broad areas subject to Federal regulation.
FAA regulations are listed under Title 14, “Aeronautics and
Space,” which encompasses all aspects of civil aviation from
how to earn a pilot’s certificate to maintenance of an aircraft.
Title 14 CFR Chapter 1, Federal Aviation Administration,
is broken down into subchapters A through N as illustrated
in Figure 1-12.

For the pilot, certain parts of 14 CFR are more relevant
than others. During flight training, it is helpful for the pilot
to become familiar with the parts and subparts that relate

Figure 1-11. President Jimmy Carter signsthe Airline Deregulation
Actin late 1978.
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Figure 1-12. Overview of 14 CFR, available online free from the FAA and for purchase through commercial sources.

to flight training and pilot certification. For instance, 14
CFR part 61 pertains to the certification of pilots, flight
instructors, and ground instructors. It also defines the
eligibility, aeronautical knowledge, and flight proficiency,
as well as training and testing requirements for each type of
pilot certificate issued. 14 CFR part 91 provides guidance in
the areas of general flight rules, visual flight rules (VFR), and
instrument flight rules (IFR), while 14 CFR part 43 covers
aircraft maintenance, preventive maintenance, rebuilding,
and alterations.

Primary Locations of the FAA

The FAA headquarters are in Washington, DC, and there are
nine regional offices strategically located across the United
States. The agency’s two largest field facilities are the Mike
Monroney Aeronautical Center (MMAC) in Oklahoma
City, Oklahoma, and the William J. Hughes Technical
Center (WJHTC) in Atlantic City, New Jersey. Home to
FAA training and logistics services, the MMAC provides
a number of aviation safety-related and business support
services. The WJHTC is the premier aviation research and
development and test and evaluation facility in the country.
The center’s programs include testing and evaluation in ATC,
communication, navigation, airports, aircraft safety, and
security. Furthermore, the WJHTC is active in long-range
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development of innovative aviation systems and concepts,
development of new ATC equipment and software, and
modification of existing systems and procedures.

Field Offices

Flight Sandards Service

Within the FAA, the Flight Standards Service promotes safe
air transportation by setting the standards for certification
and oversight of airmen, air operators, air agencies, and
designees. It also promotes safety of flight of civil aircraft
and air commerce by:

»  Accomplishing certification, inspection, surveillance,
investigation, and enforcement.

e  Setting regulations and standards.

»  Managing the system for registration of civil aircraft
and all airmen records.

The focus of interaction between Flight Standards Service
and the aviation community/general public is the Flight
Standards District Office (FSDO).



Flight Sandards District Office (FSDO)

The FAA has approximately 80 FSDOs. [ Figure 1-13] These
offices provide information and services for the aviation
community. FSDO phone numbers are listed in the telephone
directory under Government Offices, DOT, FAA. Another
convenient method of finding a local office is to use the
FSDO locator available at: www.faa.gov/about/office_org/
field_offices/fsdo.

In addition to accident investigation and the enforcement of
aviation regulations, the FSDO is also responsible for the
certification and surveillance of air carriers, air operators,
flight schools/training centers, and airmen including pilots
and flight instructors. Each FSDO is staffed by Aviation
Safety Inspectors (ASIs) who play a key role in making the
nation’s aviation system safe.

Aviation Safety Inspector (ASI)

The ASIs administer and enforce safety regulations and
standards for the production, operation, maintenance, and/
or modification of aircraft used in civil aviation. They also
specialize in conducting inspections of various aspects of the
aviation system, such as aircraft and parts manufacturing,
aircraft operation, aircraft airworthiness, and cabin safety.
ASIs must complete a training program at the FAA Academy
in Oklahoma City, Oklahoma, which includes airman
evaluation and pilot testing techniques and procedures. ASIs
also receive extensive on-the-job training and recurrent
training on a regular basis. The FAA has approximately
3,700 inspectors located in its FSDO offices. All questions
concerning pilot certification (and/or requests for other
aviation information or services) should be directed to the
local FSDO.

FAA Safety Team (FAASTeam)

The FAA is dedicated to improving the safety of United
States civilian aviation by conveying safety principles and
practices through training, outreach, and education. The FAA

Figure 1-13. Atlanta Flight Sandards District Office (FSDO).

Safety Team (FAASTeam) exemplifies this commitment.
The FAASTeam has replaced the Aviation Safety Program
(ASP), whose education of airmen on all types of safety
subjects successfully reduced accidents. Its success led to
its demise because the easy-to-fix accident causes have been
addressed. To take aviation safety one step further, Flight
Standards Service created the FAASTeam, which is devoted
to reducing aircraft accidents by using a coordinated effort
to focus resources on elusive accident causes.

Each of the FAA’s nine regions has a Regional FAASTeam
Office dedicated to this new safety program and managed by
the Regional FAASTeam Manager (RFM). The FAASTeam
is “teaming” up with individuals and the aviation industry
to create a unified effort against accidents and tip the safety
culture in the right direction. To learn more about this effort
to improve aviation safety, to take a course at their online
learning center, or to join the FAASTeam, visit their website
at www.faasafety.gov.

Obtaining Assistance from the FAA

Information can be obtained from the FAA by phone,
Internet/e-mail, or mail. To talk to the FAA toll-free 24
hours a day, call 1-866-TELL-FAA (1-866-835-5322). To
visit the FAA’s website, go to www.faa.gov. Individuals can
also e-mail an FAA representative at a local FSDO office by
accessing the staff e-mail address available via the “Contact
FAA” link at the bottom of the FAA home page. Letters can
be sent to:

Federal Aviation Administration
800 Independence Ave, SW
Washington, DC 20591

FAA Reference Material

The FAA provides a variety of important reference material
for the student, as well as the advanced civil aviation pilot.
In addition to the regulations provided online by the FAA,
several other publications are available to the user. Almost
all reference material is available online at www.faa.gov in
downloadable format. Commercial aviation publishers also
provide published and online reference material to further
aid the aviation pilot.

Aeronautical Information Manual (AlM)

The Aeronautical Information Manual (AIM) is the official
guide to basic flight information and ATC procedures for the
aviation community flying in the NAS of the United States.
[Figure 1-14] An international version, containing parallel
information as well as specific information on international
airports, is also available. The AIM also contains information
of interest to pilots, such as health and medical facts, flight
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Figure 1-14. Aeronautical Information Manual.

safety, a pilot/controller glossary of terms used in the
system, and information on safety, accidents, and reporting
of hazards. This manual is offered for sale on a subscription
basis or is available online at: http://bookstore.gpo.gov.

Order forms are provided at the beginning of the manual or
online and should be sent to the Superintendent of Documents,
United States Government Printing Office (GPQO). The AIM
is complemented by other operational publications that are
available via separate subscriptions or online.

Handbooks

Handbooks are developed to provide specific information
about a particular topic that enhances training or understanding.
The FAA publishes a variety of handbooks that generally fall
into three categories: aircraft, aviation, and examiners and
inspectors. [ Figure 1-15] These handbooks can be purchased
from the Superintendent of Documents or downloaded at www.
faa.gov/regulations_policies. Aviation handbooks are also
published by various commercial aviation companies. Aircraft
flight manuals commonly called Pilot Operating Handbooks
(POH) are documents developed by the airplane manufacturer,
approved by the FAA, and are specific to a particular make
and model aircraft by serial number. This subject is covered
in greater detail in Chapter 8, “Flight Manuals and Other
Documents,” of this handbook. [ Figure 1-16]

Advisory Circulars (ACs)

An AC is an informational document that the FAA wants to
distribute to the aviation community. This can be in the form
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Aeronautical Information Manual (AIM)

The Aeronautical Information Manual is designed to provide
the aviation community with basic flight information and
ATC procedures for use in the NAS of the United States. It
also contains the fundamentals required in order to fly in the
United States NAS, including items of interest to pilots
concerning health/medical facts, factors affecting flight
safety, etc.

Aircraft Flying Handbooks (by category)

The Aircraft Flying Handbooks are designed as technical
manuals to introduce basic pilot skills and knowledge that
are essential for piloting aircraft. They provide information
on transition to other aircraft and the operation of various
aircraft systems.

Aviation Instructor’s Handbook

The Aviation Instructor’'s Handbook provides the foundation
for beginning instructors to understand and apply the
fundamentals of instructing. This handbook also provides
aviation instructors with up-to-date information on learning
and teaching, and how to relate this information to the task
of conveying aeronautical knowledge and skills to students.
Experienced aviation instructors also find the new and
updated information useful for improving their effectiveness
in training activities.

Instrument Flying Handbook

The Instrument Flying Handbook is designed for use by
instrument flight instructors and pilots preparing for
instrument rating tests. Instructors find this handbook a
valuable training aid as it includes basic reference material
for knowledge testing and instrument flight training.

Instrument Procedures Handbook

The Instrument Procedures Handbook is designed as a
technical reference for professional pilots who operate
under IFR in the NAS and expands on information contained
in the Instrument Flying Handbook.

Figure 1-15. A sample of handbooks available to the public. Most
can be downloaded free of charge from the FAA website.

of a text book used in a classroom or a one page document.
Some ACs are free while others cost money. They are to
be used for information only and are not regulations. The
FAA website www.faa.gov/regulations_policies/advisory
circulars/ provides a database that is a searchable repository
of all aviation safety ACs. All ACs, current and historical,
are provided and can be viewed as a portable document
format (PDF) copy.

ACs provide a single, uniform, agency-wide system that the
FAA uses to deliver advisory material to FAA customers,
industry, the aviation community, and the public. An AC
may be needed to:

e Provide an acceptable, clearly understood method for
complying with a regulation



Figure 1-16. Pilot Operating Handbooks from manufacturers.

e Standardize implementation of a regulation or
harmonize implementation for the international
aviation community

* Resolve a general misunderstanding of a regulation

* Respond to a request from some government entity,
such as General Accounting Office, NTSB, or the
Office of the Inspector General

e Help the industry and FAA effectively implement a
regulation

e Explain requirements and limits of an FAA grant
program

e Expand on standards needed to promote aviation
safety, including the safe operation of airports

There are three parts to an AC number, as in 25-42C. The
first part of the number identifies the subject matter area
of the AC and corresponds to the appropriate 14 CFR part.
For example, an AC on “Certification: Pilots and Flight and
Ground Instructors” is numbered as AC 61-65E. Since ACs
are numbered sequentially within each subject area, the
second part of the number beginning with the dash identifies
this sequence. The third part of the number is a letter assigned
by the originating office and shows the revision sequence if
an AC is revised. The first version of an AC does not have
a revision letter. In Figure 1-17, this is the fifth revision, as
designated by the “E.”

Flight Publications

The FAA, in concert with other government agencies,
orchestrates the publication and changes to publications
that are key to safe flight. Figure 1-18 illustrates some
publications a pilot may use.

Figure 1-17. Example of an Advisory Circular initsfifth revision.
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Figure 1-18. Fromleft to right, a sectional VFR chart, IFR chart, and chart supplement U.S. (formerly Airport/Facility Directory) with

a sample of a page from the supplement.

Pilot and Aeronautical Information

Noticesto Airmen (NOTAMS)

Notices to Airmen, or NOTAM s, are time-critical aeronautical
information either temporary in nature or not sufficiently
known in advance to permit publication on aeronautical
charts or in other operational publications. The information
receives immediate dissemination via the National Notice to
Airmen (NOTAM) System. NOTAMSs contain current notices
to airmen that are considered essential to the safety of flight,
as well as supplemental data affecting other operational
publications. There are many different reasons that NOTAMs
are issued. Following are some of those reasons:

e Hazards, such as air shows, parachute jumps, kite
flying, and rocket launches

*  Flights by important people such as heads of state

e Closed runways

* Inoperable radio navigational aids

e Military exercises with resulting airspace restrictions
* Inoperable lights on tall obstructions

e Temporary erection of obstacles near airfields

»  Passage of flocks of birds through airspace (a NOTAM
in this category is known as a BIRDTAM)

¢ Notifications of runway/taxiway/apron status with
respect to snow, ice, and standing water (a SNOWTAM)

1-12

* Notification of an operationally significant change in
volcanic ash or other dust contamination (an ASHTAM)

» Software code risk announcements with associated
patches to reduce specific vulnerabilities

NOTAM information is generally classified into four
categories: NOTAM (D) or NOTAMs that receive distant
dissemination, distant and Flight Data Center (FDC)
NOTAMSs, Pointer NOTAMs, and Military NOTAMs
pertaining to military airports or NAVAIDs that are part of the
NAS. NOTAMs are available through Flight Service Station
(FSS), Direct User Access Terminal Service (DUATS),
private vendors, and many online websites.

NOTAM (D) Information

NOTAM (D) information is disseminated for all navigational
facilities that are part of the NAS, and all public use airports,
seaplane bases, and heliports listed in the Chart Supplement
U.S. (formerly Airport/Facility Directory). NOTAM (D)
information now includes such data as taxiway closures,
personnel and equipment near or crossing runways, and
airport lighting aids that do not affect instrument approach
criteria, such as visual approach slope indicator (VASI).
All D NOTAM s are required to have one of the following
keywords as the first part of the text: RWY, TWY, RAMP,
APRON, AD, OBST, NAV, COM, SVC, AIRSPACE, (U),
or (O). [Figure 1-19]



FDC NOTAMs

FDC NOTAMs are issued by the National Flight Data
Center and contain information that is regulatory in nature
pertaining to flight including, but not limited to, changes
to charts, procedures, and airspace usage. FDC NOTAMs
refer to information that is regulatory in nature and includes
the following:

Interim IFR flight procedures:
1.

Flight restrictions in the proximity of the President
and other parties

14 CFR part 139 certificated airport condition changes
Snow conditions affecting glide slope operation

Air defense emergencies

Emergency flight rules

Substitute airway routes

Airway structure changes . Special data
2. Instrument approach procedure changes (excludes «  U.S. Government charting corrections
Departure Procedures (DPs) and Standard .
Terminal Arrivals (STARS) *  Laseractivity
3. Airspace changes in general NOTAM Composition
4. Special instrument approach procedure changes  NOTAMs contain the elements below from Ieft to right in
«  Temporary flight restrictions (discussed in Chapter 15):  the following order:
1. Disaster areas e Anexclamation point (1)
2. Special events generating a high degree of interest ~ *  Accountability Location (the identifier of the
3. Hijacking accountability location)
p
Keyword Example Meaning
RWY RWY 3/21 CLSD Runways 3 and 21 are closed to aircraft.
TWY TWY F LGTS OTS Taxiway F lights are out of service.
RAMP RAMP TERMINAL EAST SIDE The ramp in front of the east side of the terminal has ongoing
CONSTRUCTION construction.
APRON APRON SW TWY C NEAR The apron near the southwest taxiway C in front of the hangars
HANGARS CLSD is closed.
AD AD ABN OTS Aerodromes: The airport beacon is out of service.
OBST OBST TOWER 283 (245 AGL) 2.2 Obstruction: The lights are out of service on a tower that is 283 feet
S LGTS OTS (ASR 1065881) TIL above mean sea level (MSL) or 245 feet above ground level (AGL)
0707272300 2.2 statute miles south of the field. The FCC antenna structure
registration (ASR) number is 1065881. The lights will be returned to
service 2300 UTC (Coordinated Universal Time) on July 27, 2007.
NAV NAV VOR OTS Navigation: The VOR located on this airport is out of service.
COM COM ATIS OTS Communications: The Automatic Terminal information Service
(ATIS) is out of service.
SvC SVC TWR 1215-0330 Service: The control tower has new operating hours, 1215-0330
MON -FRI/1430-2300 SAT/1600-0100 UTC Monday Thru Friday. 1430-2300 UTC on Saturday and
SUN TIL 0707300100 1600-0100 UTC on Sunday until 0100 on July 30, 2007.
SVC FUEL UNAVBL TIL 0707291600 Service: All fuel for this airport is unavailable until July 29, 2007,
at 1600 UTC.
SVC CUSTOMS UNAVBL TIL 0708150800 Service: United States Customs service for this airport will not be
available until August 15, 2007, at 0800 UTC.
AIRSPACE AIRSPACE AIRSHOW ACFT Airspace. There is an airshow being held at this airport with aircraft
5000/BLW 5 NMR AIRPORT flying 5,000 feet and below within a 5 nautical mile radius.
AVOIDANCE ADZD WEF Avoidance is advised from 2000 UTC on July 15, 2007, until 2200
0707152000-0707152200 on July 15, 2007.
U ORT 6K8 (U) RWY ABANDONED VEHICLE | Unverified aeronautical information.
(0] LOZ LOZ (O) CONTROLLED BURN OF Other aeronautical information received from any authorized source
HOUSE 8 NE APCH END RWY 23 WEF that may be beneficial to aircraft operations and does not meet
0710211300-0710211700 defined NOTAM criteria.

Figure 1-19. NOTAM (D) Information.
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e Affected Location (the identifier of the affected facility
or location)

e KEYWORD (one of the following: RWY, TWY,
RAMP, APRON, AD, COM, NAYV, SVC, OBST,
AIRSPACE, (U) and (0O))

e Surface ldentification (optional—this shall be the
runway identification for runway related NOTAMs,
the taxiway identification for taxiway-related
NOTAMs, or the ramp/apron identification for ramp/
apron-related NOTAMS)

< Condition (the condition being reported)

e Time (identifies the effective time(s) of the NOTAM
condition)

Altitude and height are in feet mean sea level (MSL) up to
17,999; e.g., 275, 1225 (feet and MSL is not written), and in
flight levels (FL) for 18,000 and above; e.g., FL180, FL550.
When MSL is not known, above ground level (AGL) will be
written (304 AGL).

When time is expressed ina NOTAM, the day begins at 0000
and ends at 2359. Times used in the NOTAM system are
universal time coordinated (UTC) andshall be stated in 10
digits (year, month, day, hour, and minute). The following
are two examples of how the time would be presented:

IDCA LDN NAV VOR OTSWEF
0708051600-0708052359

IDCA LDN NAV VOR OTSWEF
0709050000-0709050400

NOTAM Dissemination and Availability

The system for disseminating aeronautical information is
made up of two subsystems: the Airmen's Information System
(AIS) and the NOTAM System. The AlS consists of charts and
publications and is disseminated by the following methods:

Aeronautical charts depicting permanent baseline data:

e IFR Charts—Enroute High Altitude ConterminousU.S.,
Enroute Low Altitude ConterminousU.S., Alaska
Charts, and Pacific Charts

e U.S. Terminal Procedures—Departure Procedures
(DPs), Standard Terminal Arrivals (STARs) and
Standard Instrument Approach Procedures (SIAPS)

* VFR Charts—Sectional Aeronautical Charts, Terminal
Area Charts (TAC), and World Aeronautical Charts
(WAC)
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Flight information publications outlining baseline data:

e Notices to Airmen (NTAP)—Published by System
Operations Services, System Operations and Safety,
Publications, every 28 days)

e Chart Supplement U.S. (formerly Airport/Facility
Directory)

e Pacific Chart Supplement
e  Alaska Supplement
» Alaska Terminal

» Aeronautical Information Manual (AlIM)

NOTAMs are available in printed form through subscription
from the Superintendent of Documents, from an FSS, or
online at PilotWeb (www.pilotweb.nas.faa.gov), which
provides access to current NOTAM information. Local
airport NOTAMs can be obtained online from various
websites. Some examples are www.fltplan.com and www.
aopa.org/whatsnew/notams.html. Most sites require a free
registration and acceptance of terms but offer pilots updated
NOTAMs and TFRs.

Safety Program Airmen Notification System (SPANS)

In 2004, the FAA launched the Safety Program Airmen
Notification System (SPANS), an online event notification
system that provides timely and easy-to-assess seminar
and event information notification for airmen. The SPANS
system is taking the place of the current paper-based mail
system. This provides better service to airmen while reducing
costs for the FAA. Anyone can search the SPANS system
and register for events. To read more about SPANS, visit
www.faasafety.gov/spans.

Aircraft Classifications and Ultralight
Vehicles

The FAA uses various ways to classify or group machines
operated or flown in the air. The most general grouping uses
the term aircraft. This term is in 14 CFR 1.1 and means a
device that is used or intended to be used for flight in the air.

Ultralight vehicle is another general term the FAA uses.
This term is defined in 14 CFR 103. As the term implies,
powered ultralight vehicles must weigh less than 254 pounds
empty weight and unpowered ultralight vehicles must
weigh less than 155 pounds. Rules for ultralight vehicles
are significantly different from rules for aircraft; ultralight
vehicle certification, registration, and operation rules are also
contained in 14 CFR 103.



The FAA differentiates aircraft by their characteristics and
physical properties. Key groupings defined in 14 CFR 1.1
include:

Airplane—an engine-driven fixed-wing aircraft
heavier than air, that is supported in flight by the
dynamic reaction of the air against its wings.

Glider—a heavier-than-air aircraft, that is supported
in flight by the dynamic reaction of the air against its
lifting surfaces and whose free flight does not depend
principally on an engine.

Lighter-than-air aircraft—an aircraft that can rise and
remain suspended by using contained gas weighing
less than the air that is displaced by the gas.

- Airship—an engine-driven lighter-than-air
aircraft that can be steered.

- Balloon—a lighter-than-air aircraft that is not
engine driven, and that sustains flight through the
use of either gas buoyancy or an airborne heater.

Powered-lift—a heavier-than-air aircraft capable of
vertical takeoff, vertical landing, and low speed flight
that depends principally on engine-driven lift devices
or engine thrust for lift during these flight regimes and
on nonrotating airfoil(s) for lift during horizontal flight.

Powered parachute—a powered aircraft comprised of
a flexible or semi-rigid wing connected to a fuselage
so that the wing is not in position for flight until
the aircraft is in motion. The fuselage of a powered
parachute contains the aircraft engine, a seat for each
occupant and Is attached to the aircraft's landing gear.

Rocket—an aircraft propelled by ejected expanding
gases generated in the engine from self-contained
propellants and not dependent on the intake of outside
substances. It includes any part which becomes
separated during the operation.

Rotorcraft—a heavier-than-air aircraft that depends
principally for its support in flight on the lift generated
by one or more rotors.

- Gyroplane—a rotorcraft whose rotors are not
engine-driven, except for Initial starting, but
are made to rotate by action of the air when
the rotorcraft Is moving; and whose means of
propulsion, consisting usually of conventional
propellers, is Independent of the rotor system.

- Helicopter—a rotorcraft that, for its horizontal
motion, depends principally on its engine-driven
rotors.

Weight-shift-control—a powered aircraft with a framed

pivoting wing and a fuselage controllable only in pitch
and roll by the pilot's ability to change the aircraft’s

center of gravity with respect to the wing. Flight control
of the aircraft depends on the wing's ability to flexibly
deform rather than the use of control surfaces.

Size and weight are other methods used in 14 CFR 1.1 to
group aircraft:

e Large aircraft—an aircraft of more than 12,500
pounds, maximum certificated takeoff weight.

e Light-sport aircraft (LSA)—an aircraft, other than
a helicopter or powered-lift that, since its original
certification, has continued to meet the definition in
14 CFR 1.1. (LSA can include airplanes, airships,
balloons, gliders, gyro planes, powered parachutes,
and weight-shift-control.)

» Small Aircraft—aircraft of 12,500 pounds or less,
maximum certificated takeoff weight.

We also use broad classifications of aircraft with respect to
the certification of airmen or with respect to the certification
of the aircraft themselves. See the next section, Pilot
Certifications, and Chapter 3, for further discussion of
certification. These definitions are in 14 CFR 1.1:

» Category

1. Asused with respect to the certification, ratings,
privileges, and limitations of airmen, means a
broad classification of aircraft. Examples include:
airplane; rotorcraft; glider; and lighter-than-air;
and

2. As used with respect to the certification of
aircraft, means a grouping of aircraft based upon
intended use or operating limitations. Examples
include: transport, normal, utility, acrobatic,
limited, restricted, and provisional.

e Class

1. Asused with respect to the certification, ratings,
privileges, and limitations of airmen, means a
classification of aircraft within a category having
similar operating characteristics. Examples
Include: single engine; multiengine; land; water;
gyroplane, helicopter, airship, and free balloon;
and

2. As used with respect to the certification of
aircraft, means a broad grouping of aircraft having
similar characteristics of propulsion, flight, or
landing. Examples include: airplane, rotorcraft,
gilder, balloon, landplane, and seaplane.

e Type

1. Asused with respect to the certification, ratings,
privileges, and limitations of airmen, means
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a specific make and basic model of aircraft,
Including modifications thereto that do not
change its handling or flight characteristics.
Examples include: 737-700, G-1V, and 1900; and

2. As used with respect to the certification of
aircraft, means those aircraft which are similar
in design. Examples include: 737-700 and 737-
700C; G-IV and G-1V-X; and 1900 and 1900C.

This system of definitions allows the FAA to group and
regulate aircraft to provide for their safe operation.

Pilot Certifications

The type of intended flying influences what type of pilot’s
certificate is required. Eligibility, training, experience,
and testing requirements differ depending on the type of
certificates sought. [Figure 1-20] Each type of pilot’s
certificate has privileges and limitations that are inherent
within the certificate itself. However, other privileges and
limitations may be applicable based on the aircraft type,
operation being conducted, and the type of certificate.
For example, a certain certificate may have privileges and
limitations under 14 CFR part 61 and part 91.

Figure 1-20. Front side (top) and back side (bottom) of an airman
certificate issued by the FAA.
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*  Privileges—define where and when the pilot may fly,
with whom they may fly, the purpose of the flight, and
the type of aircraft they are allowed to fly.

e Limitations—the FAA may impose limitations on a
pilot certificate if, during training or the practical test,
the pilot does not demonstrate all skills necessary to
exercise all privileges of a privilege level, category,

class, or type rating.

Endorsements, a form of authorization, are written to establish
that the certificate holder has received training in specific skill
areas. Endorsements are written and signed by an authorized
individual, usually a certificated flight instructor (CFI), and
are based on aircraft classification. [Figure 1-21]

Sport Pilot

To become a sport pilot, the student pilot is required to have
flown, at a minimum, the following hours depending upon
the aircraft:

* Airplane: 20 hours

*  Powered Parachute: 12 hours

»  Weight-Shift Control (Trikes): 20 hours
*  Glider: 10 hours

» Rotorcraft (gyroplane only): 20 hours

e Lighter-Than-Air: 20 hours (airship) or 7 hours
(balloon)

To earn a Sport Pilot Certificate, one must:

» Beatleast 16 years old to become a student sport pilot
(14 years old for gliders or balloons)

e Be at least 17 years old to test for a sport pilot
certificate (16 years old for gliders or balloons)

* Be able to read, write, and understand the English
language

* Hold a current and valid driver’s license as evidence
of medical eligibility

When operating as a sport pilot, some of the following
privileges and limitations may apply.

Privileges:
*  Operate as pilot in command (PIC) of a light-sport
aircraft

e Carryapassenger and share expenses (fuel, oil, airport
expenses, and aircraft rental)

e Fly during the daytime using VFR, a minimum of
3 statute miles visibility and visual contact with the
ground are required



Recreational pilot to conduct solo flights for the purpose of obtaining an additional certificate or rating while under
the supervision of an authorized flight instructor: section 61.101(i).

| certify that (First name, Ml, Last name) has received the required training of section 61.87 in a (make and model
aircraft). | have determined he/she is prepared to conduct a solo flight on (date) under the following conditions: (List
all conditions which require endorsement, e.qg., flight which requires communication with air traffic control, flight in an
aircraft for which the pilot does not hold a category/class rating, etc.).

\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\

Figure 1-21. Example endorsement for arecreational pilot to conduct solo flights for the purpose of determining an additional certificate

or rating.

Limitations;

*  Prohibited from flying in Class A airspace

*  Prohibited from flying in Class B, C, or D airspace
until you receive training and a logbook endorsement
from an instructor

* No flights outside the United States without prior
permission from the foreign aviation authority

« May not tow any object

* No flights while carrying a passenger or property for
compensation or hire

e Prohibited from flying in furtherance of a business

The sport pilot certificate does not list aircraft category
and class ratings. After successfully passing the practical
test for a sport pilot certificate, regardless of the light-sport
aircraft privileges you seek, the FAA will issue you a sport
pilot certificate without any category and class ratings. The
Instructor will provide you with the appropriate logbook
endorsement for the category and class of aircraft in which
you are authorized to act as pilot in command.

Recreational Pilot
To become a recreational pilot, one must:

e Beatleast 17 years old

e Be able to read, write, speak, and understand the
English language

e Pass the required knowledge test

* Meet the aeronautical experience requirements in
either a single-engine airplane, a helicopter, or a
gyroplane.

e Obtain a logbook endorsement from an instructor
»  Pass the required practical test

* Obtain a third-class medical certificate issued under
14 CFR part 67

As a recreational pilot, cross-country flight is limited to a 50
NM range from the departure airport but is permitted with
additional training per 14 CFR part 61, section 61.101(c).
Additionally, recreational pilots are restricted from flying
at night and flying in airspace where communications with
ATC are required.

The minimum aeronautical experience requirements for a
recreational pilot license involve:

e 30 hours of flight time including at least:
» 15 hours of dual instruction
e 2 hours of en route training
» 3 hours in preparation for the practical test
* 3 hours of solo flight

When operating as a recreational pilot, some of the following
privileges and limitations may apply.

Privileges:
e Carry no more than one passenger;

* Not pay less than the pro rata share of the operating
expenses of a flight with a passenger, provided the
expenses involve only fuel, oil, airport expenses, or
aircraft rental fees

Limitations:

»  Arrecreational pilot may not act as PIC of an aircraft
that is certificated for more than four occupants or has
more than one powerplant.

Private Pilot

A private pilot is one who flies for pleasure or personal
business without accepting compensation for flying except
in some very limited, specific circumstances. The Private
Pilot Certificate is the certificate held by the majority of

1-17



active pilots. It allows command of any aircraft (subject
to appropriate ratings) for any noncommercial purpose
and gives almost unlimited authority to fly under VFR.
Passengers may be carried and flight in furtherance of a
business is permitted; however, a private pilot may not be
compensated in any way for services as a pilot, although
passengers can pay a pro rata share of flight expenses, such
as fuel or rental costs. If training under 14 CFR part 61,
experience requirements include at least 40 hours of piloting
time, including 20 hours of flight with an instructor and 10
hours of solo flight. [Figure 1-22]

Commercial Pilot

A commercial pilot may be compensated for flying. Training
for the certificate focuses on a better understanding of
aircraft systems and a higher standard of airmanship. The
Commercial Pilot Certificate itself does not allow a pilot
to fly in instrument meteorological conditions (IMC), and
commercial pilots without an instrument rating are restricted
to daytime flight within 50 NM when flying for hire.

A commercial airplane pilot must be able to operate
a complex airplane, as a specific number of hours of
complex (or turbine-powered) aircraft time are among
the prerequisites, and at least a portion of the practical
examination is performed in a complex aircraft. A complex
aircraft must have retractable landing gear, movable flaps,
and a controllable-pitch propeller. See 14 CFR part 61,
section 61.31(e) for additional information. [Figure 1-23]

Airline Transport Pilot

The airline transport pilot (ATP) is tested to the highest level
of piloting ability. The ATP certificate is a prerequisite for
serving as a PIC and second in command (SIC) of scheduled
airline operations. It is also a prerequisite for serving as a PIC
in select charter and fractional operations. The minimum pilot
experience is 1,500 hours of flight time. In addition, the pilot
must be at least 23 years of age, be able to read, write, speak,

Figure 1-23. A complex aircraft.

and understand the English language, and be “of good moral
standing.” A pilot may obtain an ATP certificate with restricted
privileges enabling him/her to serve as an SIC in scheduled
airline operations. The minimum pilot experience is reduced
based upon specific academic and flight training experience.
The minimum age to be eligible is 21 years. [ Figure 1-24]

Selecting a Flight School

Selecting a flight school is an important consideration in
the flight training process. FAA-approved training centers,
FAA-approved pilot schools, noncertificated flying schools,
and independent flight instructors conduct flight training in
the United States. All flight training is conducted under the
auspices of the FAA following the regulations outlined in
14 CFR parts 142, 141, or 61. Training centers, also referred
to as flight academies, operate under 14 CFR part 142 and
are certificated by the FAA. Application for certification
is voluntary and the training center must meet stringent
requirements for personnel, equipment, maintenance,
facilities, and must teach a curriculum approved by the
FAA. Training centers typically utilize a number of flight
simulation training devices as part of its curricula. Flight
training conducted at a training center is primarily done
under contract to airlines and other commercial operators
in transport or turbine aircraft, however many also provide

Figure 1-22. Atypical aircraft a private pilot might fly.
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flight training for the private pilot certificate, commercial
pilot certificate, instrument rating, and ATP certificate.

Flight schools operating under 14 CFR part 141 are
certificated by the FAA. Application for certification is
voluntary and the school must meet stringent requirements
for personnel, equipment, maintenance, facilities, and must
teach an established curriculum, which includes a training
course outline (TCO) approved by the FAA. The certificated
schools may qualify for a ground school rating and a flight
school rating. In addition, the school may be authorized
to give its graduates practical (flight) tests and knowledge
(computer administered written) tests. The FAA Pilot School
Search database located at http://av-info.faa.gov/PilotSchool.
asp, lists certificated ground and flight schools and the pilot
training courses each school offers.

Enrollment in a 14 CFR part 141 flight school ensures
quality, continuity, and offers a structured approach to flight
training because these facilities must document the training
curriculum and have their flight courses approved by the
FAA. These strictures allow 14 CFR part 141 schools to
complete certificates and ratings in fewer flight hours, which
can mean a savings on the cost of flight training for the
student pilot. For example, the minimum requirement for a
Private Pilot Certificate is 35 hours in a part 141-certificated
school and 40 hours in a part 61-certificated school. (This
difference may be insignificant for a Private Pilot Certificate
because the national average indicates most pilots require 60
to 75 hours of flight training.)

Many excellent flight schools find it impractical to qualify
for the FAA part 141 certificates and are referred to as part
61 schools. 14 CFR part 61 outlines certificate and rating
requirements for pilot certification through noncertificated
schools and individual flight instructors. It also states what
knowledge-based training must be covered and how much
flight experience is required for each certificate and rating.
Flight schools and flight instructors who train must adhere
to the statutory requirements and train pilots to the standards
found in 14 CFR part 61.

One advantage of flight training under 14 CFR part 61 is its
flexibility. Flight lessons can be tailored to the individual
student, because 14 CFR part 61 dictates the required
minimum flight experience and knowledge-based training
necessary to gain a specific pilot’s license, but it does not
stipulate how the training is to be organized. This flexibility
can also be a disadvantage because a flight instructor who
fails to organize the flight training can cost a student pilot
time and expense through repetitious training. One way for
a student pilot to avoid this problem is to ensure the flight
instructor has a well-documented training syllabus.

How To Find a Reputable Flight Program

To obtain information about pilot training, contact the local
FSDO, which maintains a current file on all schools within its
district. The choice of a flight school depends on what type of
certificate is sought, and whether an individual wishes to fly
as a sport pilot or wishes to pursue a career as a professional
pilot. Another consideration is the amount of time that can
be devoted to training. Ground and flight training should
be obtained as regularly and frequently as possible because
this assures maximum retention of instruction and the
achievement of requisite proficiency.

Do not make the determination based on financial concerns
alone, because the quality of training is very important.
Prior to making a final decision, visit the schools under
consideration and talk with management, instructors, and
students. Request a personal tour of the flight school facility.

Be inquisitive and proactive when searching for a flight
school, do some homework, and develop a checklist of
questions by talking to pilots and reading articles in flight
magazines. The checklist should include questions about
aircraft reliability and maintenance practices, and questions
for current students such as whether or not there is a safe,
clean aircraft available when they are scheduled to fly.

Questions for the training facility should be aimed at
determining if the instruction fits available personal time.
What are the school’s operating hours? Does the facility have
dedicated classrooms available for ground training required
by the FAA? Is there an area available for preflight briefings,
postflight debriefings, and critiques? Are these rooms private
in nature in order to provide a nonthreatening environment
in which the instructor can explain the content and outcome
of the flight without making the student feel self-conscious?

Examine the facility before committing to any flight training.
Evaluate the answers on the checklist, and then take time to
think things over before making a decision. This proactive
approach to choosing a flight school will ensure a student
pilot contracts with a flight school or flight instructor best
suited to their individual needs.

How To Choose a Certificated Flight Instructor (CFl)
Whether an individual chooses to train under 14 CFR part
141 or part 61, the key to an effective flight program is the
quality of the ground and flight training received from the
CFI. The flight instructor assumes total responsibility for
training an individual to meet the standards required for
certification within an ever-changing operating environment.
A CFI should possess an understanding of the learning
process, knowledge of the fundamentals of teaching, and
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the ability to communicate effectively with the student pilot.
During the certification process, a flight instructor applicant
is tested on the practical application of these skills in specific
teaching situations. The flight instructor is crucial to the
scenario-based training program endorsed by the FAA. He
or she is trained to function in the learning environment as an
advisor and guide for the learner. The duties, responsibilities,
and authority of the CFI include the following:

e Orient the student to the scenario-based training
system

e Help the student become a confident planner and
inflight manager of each flight and a critical evaluator
of their own performance

e Help the student understand the knowledge
requirements present in real world applications

« Diagnose learning difficulties and help the student
overcome them

e Evaluate student progress and maintain appropriate
records

< Provide continuous review of student learning

Should a student pilot find the selected CFl is not training in
a manner conducive for learning, or the student and CFI do
not have compatible schedules, the student pilot should find
another CFI. Choosing the right CFI is important because the
quality of instruction and the knowledge and skills acquired
from their flight instructor affect a student pilot’s entire
flying career.

The Student Pilot

The first step in becoming a pilot is to select a type of aircraft.
FAA rules for obtaining a pilot’s certificate differ depending
on the type of aircraft flown. Individuals can choose among
airplanes, gyroplanes, weight-shift, helicopters, powered
parachutes, gliders, balloons, or airships. A pilot does not
need a certificate to fly ultralight vehicles.

Basic Requirements

A student pilot is one who is being trained by an instructor
pilot for his or her first full certificate, and is permitted
to fly alone (solo) under specific, limited circumstances.
Before a student pilot may be endorsed to fly solo, that
student must have a Student Pilot Certificate. There are
multiple ways that an aspiring pilot can obtain their Student
Pilot Certificate. The application may be processed by an
FAA inspector or technician, an FAA-Designated Pilot
Examiner, a Certified Flight Instructor (CFI), or an Airman
Certification Representative (ACR). If the application is
completed electronically, the authorized person will submit
the application to the FAA’s Airman Certification Branch
(AFS-760) in Oklahoma City, OK, via the Integrated
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Airman Certification and Rating Application (IACRA). If
the application is completed on paper, it must be sent to
the local Flight Standards District Office (FSDO), who will
forward it to AFS-760. Once the application is processed, the
applicant will receive the Student Pilot Certificate by mail at
the address provided on the application.

The aforementioned process will become effective on April
1, 2016. The new certificate will be printed on a plastic card,
which will replace the paper certificate that was issued in the
past. The plastic card certificate will not have an expiration
date. Paper certificates issued prior to the new process will
still expire according to the date on the certificate; however,
under the new process, paper certificates cannot be renewed.
Once the paper certificate expires, the Student Pilot must
submit a new application under the new process. Another
significant change in the new process is that flight instructors
will now make endorsements for solo privileges in the
Student Pilot’s logbook, instead of endorsing the Student
Pilot Certificate.

To be eligible for a Student Pilot Certificate, the applicant
must:

* Beatleast 16 years of age (14 years of age to pilot a
glider or balloon).

» Be able to read, speak, write, and understand the
English language.

Medical Certification Reguirements

The second step in becoming a pilot is to obtain a medical
certificate (if the choice of aircraft is an airplane, helicopter,
gyroplane, or an airship). (The FAA suggests the individual
get a medical certificate before beginning flight training to
avoid the expense of flight training that cannot be continued
due to a medical condition.) Balloon or glider pilots do not
need a medical certificate, but do need to write a statement
certifying that no medical defect exists that would prevent
them from piloting a balloon or glider. The new sport pilot
category does not require a medical examination; a driver’s
license can be used as proof of medical competence.
Applicants who fail to meet certain requirements or who
have physical disabilities which might limit, but not
prevent, their acting as pilots, should contact the nearest
FAA office. Anyone requesting an FAA Medical Clearance,
Medical Certificate, or Student Pilot Medical Certificate can
electronically complete an application through the FAA’s
MedXPress system available at https://medxpress.faa.gov/.

A medical certificate is obtained by passing a physical
examination administered by a doctor who is an FAA-
authorized AME. There are approximately 6,000
FAA-authorized AMEs in the nation. To find an AME near



you, go to the FAA’s AME locator at www.faa.gov/pilots/
amelocator/. Medical certificates are designated as first class,
second class, or third class. Generally, first class is designed
for the airline transport pilot; second class for the commercial
pilot; and third class for the student, recreational, and private
pilot. A Student Pilot Certificate can be processed by an FAA
inspector or technician, an FAA Designated pilot examiner
(DPE), an Airman Certification Representative (ACR), or a
Certified Flight Instructor (CFI). This certificate allows an
individual who is being trained by a flight instructor to fly
alone (solo) under specific, limited circumstances and must
be carried with the student pilot while exercising solo flight
privileges. The Student Pilot Certificate is only required
when exercising solo flight privileges. The new plastic
student certificate does not have an expiration date. For
airmen who were issued a paper certificate, that certificate
will remain valid until its expiration date. A paper certificate
cannot be renewed. When the paper certificate expires, a new
application must be completed via the IACRA system, and
a new plastic certificate will be issued.

Student Pilot Solo Requirements

Once a student has accrued sufficient training and experience,
a CFI can endorse the student’s logbook to authorize limited
solo flight in a specific type (make and model) of aircraft.
A student pilot may not carry passengers, fly in furtherance
of a business, or operate an aircraft outside of the various
endorsements provided by the flight instructor. There is no
minimum aeronautical knowledge or experience requirement
for the issuance of a Student Pilot Certificate, however, the
applicant must be at least 16 years of age (14 years of age for
a pilot for glider or balloon), and they must be able to read,
speak, write and understand the English language. There are,
however, minimum aeronautical knowledge and experience
requirements for student pilots to solo.

Becoming a Pilot

The course of instruction a student pilot follows depends on
the type of certificate sought. It should include the ground and
flight training necessary to acquire the knowledge and skills
required to safely and efficiently function as a certificated
pilot in the selected category and class of aircraft. The
specific knowledge and skill areas for each category and
class of aircraft are outlined in 14 CFR part 61. Eligibility,
aeronautical knowledge, proficiency, and aeronautical
requirements can be found in 14 CFR part 61.

* Recreational Pilot, see subpart D
e Private Pilot, see subpart E
e Sport Pilot, see subpart J

The knowledge-based portion of training is obtained through
FAA handbooks such as this one, textbooks, and other sources

of training and testing materials which are available in print
form from the Superintendent of Documents, GPO, and
online at the Regulatory Support Division: www.faa.gov/
about/office_org/headquarters_offices/avs/offices/afs/afs600.

The CFI may also use commercial publications as a source
of study materials, especially for aircraft categories where
government materials are limited. A student pilot should
follow the flight instructor’s advice on what and when to
study. Planning a definite study program and following it as
closely as possible will help in scoring well on the knowledge
test. Haphazard or disorganized study habits usually result
in an unsatisfactory score.

In addition to learning aeronautical knowledge, such as the
principles of flight, a student pilot is also required to gain
skill in flight maneuvers. The selected category and class of
aircraft determines the type of flight skills and number of
flight hours to be obtained. There are four steps involved in
learning a flight maneuver:

»  The CFl introduces and demonstrates flight maneuver
to the student.

e The CFl talks the student pilot through the maneuver.

e The student pilot practices the maneuver under CFlI
supervision.

e The CFI authorizes the student pilot to practice the
maneuver solo.

Once the student pilot has shown proficiency in the required
knowledge areas, flight maneuvers, and accrued the required
amount of flight hours, the CFI endorses the student pilot
logbook, which allows the student pilot to take the written
and practical tests for pilot certification.

Knowledge and Skill Tests

Knowledge Tests

The knowledge test is the computer portion of the tests taken
to obtain pilot certification. The test contains questions of
the objective, multiple-choice type. This testing method
conserves the applicant's time, eliminates any element of
individual judgment in determining grades, and saves time
in scoring.

FAA Airman Knowledge Test Guides for every type of pilot
certificate address most questions you may have regarding
the knowledge test process. The guides are available on-
line (free of charge) at http://www.faa.gov/training_testing/
testing/test_guides/.
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When To Take the Knowledge Test

The knowledge test is more meaningful to the applicant
and more likely to result in a satisfactory grade if it is taken
after beginning the flight portion of the training. Therefore,
the FAA recommends the knowledge test be taken after the
student pilot has completed a solo cross-country flight. The
operational knowledge gained by this experience can be used
to the student’s advantage in the knowledge test. The student
pilot’s CFl is the best person to determine when the applicant
is ready to take the knowledge test.

Practical Test

The FAA has developed PTS for FAA pilot certificates
and associated ratings. [Figure 1-25] In 2015, the FAA
began transitioning to the ACS approach. The ACS is
essentially an “enhanced” version of the PTS. It adds task-
specific knowledge and risk management elements to each
PTS Area of Operation and Task. The result is a holistic,
integrated presentation of specific knowledge, skills, and
risk management elements and performance metrics for each
Area of Operation and Task The ACS evaluation program
will eventually replace the PTS program for evaluating and
certifying pilots.

The practical tests are administered by FAA ASls and DPEs.
Title 14 CFR part 61 specifies the areas of operation in which

knowledge and skill must be demonstrated by the applicant.
Since the FAA requires all practical tests be conducted in
accordance with the appropriate PTS and the policies set forth
in the Introduction section of the PTS book. The pilot applicant
should become familiar with this book during training.

The PTS book is a testing document and not intended to be
a training syllabus. An appropriately-rated flight instructor
is responsible for training the pilot applicant to acceptable
standards in all subject matter areas, procedures, and
maneuvers. Descriptions of tasks and information on how to
perform maneuvers and procedures are contained in reference
and teaching documents such as this handbook. A list of
reference documents is contained in the Introduction section
of each PTS book. Copies may obtained by:

Downloading from the FAA website at www.faa.gov

Purchasing print copies from the GPO, Pittsburgh,
Pennsylvania, or via their official online bookstore
at www.access.gpo.gov

The flight proficiency maneuvers listed in 14 CFR part 61
are the standard skill requirements for certification. They
are outlined in the PTS as “areas of operation.” These are
phases of the practical test arranged in a logical sequence
within the standard. They begin with preflight preparation
and end with postflight procedures. Each area of operation

o
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contains “tasks,” which are comprised of knowledge areas,
flight procedures, and/or flight maneuvers appropriate to the
area of operation. The candidate is required to demonstrate
knowledge and proficiency in all tasks for the original
issuance of all pilot certificates.

When To Takethe Practical Test

14 CFR part 61 establishes the ground school and flight
experience requirements for the type of certification and
aircraft selected. However, the CFI best determines when an
applicant is qualified for the practical test. A practice practical
test is an important step in the flight training process.

The applicant will be asked to present the following
documentation:

« FAAForm 8710-1 (8710.11 for sport pilot applicants),
Application for an Airman Certificate and/or Rating,
with the flight instructor’s recommendation

e An Airman Knowledge Test Report with a
satisfactory grade

e A medical certificate (not required for glider or
balloon), a Student Pilot Certificate, and a pilot
logbook endorsed by a flight instructor for solo, solo
cross-country (airplane and rotorcraft), and for the
make and model aircraft to be used for the practical
test (driver’s license or medical certificate for sport
pilot applicants)

e The pilot log book records

e Agraduation certificate from an FAA-approved school
(if applicable)

The applicant must provide an airworthy aircraft with
equipment relevant to the areas of operation required for
the practical test. He or she will also be asked to produce
and explain the:

»  Aircraft’s registration certificate
« Aircraft’s airworthiness certificate

e Aircraft’s operating limitations or FAA-approved
aircraft flight manual (if required)

e Aircraft equipment list

e Required weight and balance data

e Maintenance records

*  Applicable airworthiness directives (ADs)

For a detailed explanation of the required pilot maneuvers and
performance standards, refer to the PTS pertaining to the type
of certification and aircraft selected. These standards may be
downloaded free of charge from the FAA at www.faa.gov. They
may also be purchased from the Superintendent of Documents

or GPO bookstores. Most airport fixed-base operators and flight
schools carry a variety of government publications and charts,
as well as commercially published materials.

Who Administersthe FAA Practical Tests?

Due to the varied responsibilities of the FSDOs, practical tests
are usually given by DPEs. An applicant should schedule the
practical test by appointment to avoid conflicts and wasted
time. A list of examiner names can be obtained from the local
FSDO. Since a DPE serves without pay from the government
for conducting practical tests and processing the necessary
reports, the examiner is allowed to charge a reasonable fee.
There is no charge for the practical test when conducted by
an FAA inspector.

Role of the Certificated Flight Instructor

To become a CFl, a pilot must meet the provisions of 14 CFR
part 61. The FAA places full responsibility for student flight
training on the shoulders of the CFI, who is the cornerstone
of aviation safety. It is the job of the flight instructor to train
the student pilot in all the knowledge areas and teach the
skills necessary for the student pilot to operate safely and
competently as a certificated pilot in the NAS. The training
includes airmanship skills, pilot judgment and decision-
making, and good operating practices.

A pilot training program depends on the quality of the
ground and flight instruction the student pilot receives. The
flight instructor must possess a thorough understanding of
the learning process, knowledge of the fundamentals of
teaching, and the ability to communicate effectively with the
student pilot. Use of a structured training program and formal
course syllabus is crucial for effective and comprehensive
flight training. It should be clear to the student in advance of
every lesson what the course of training will involve and the
criteria for successful completion. This should include the
flight instructor briefing and debriefing the student before and
after every lesson. Additionally, scenario-based training has
become the preferred method of flight instruction today. This
involves presenting the student with realistic flight scenarios
and recommended actions for mitigating risk.

Insistence on correct techniques and procedures from the
beginning of training by the flight instructor ensures that the
student pilot develops proper flying habits. Any deficiencies
in the maneuvers or techniques must immediately be
emphasized and corrected. A flight instructor serves as arole
model for the student pilot who observes the flying habits of
his or her flight instructor during flight instruction, as well
as when the instructor conducts other pilot operations. Thus,
the flight instructor becomes a model of flying proficiency
for the student who, consciously or unconsciously, attempts
to imitate the instructor. For this reason, a flight instructor
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should observe recognized safety practices, as well as
regulations during all flight operations.

The student pilot who enrolls in a pilot training program
commits considerable time, effort, and expense to achieve a
pilot certificate. Students often judge the effectiveness of the
flight instructor and the success of the pilot training program
based on their ability to pass the requisite FAA practical
test. A competent flight instructor stresses to the student that
practical tests are a sampling of pilot ability compressed into
a short period of time. The goal of a flight instructor is to
train the “total” pilot.

Role of the Designated Pilot Examiner

The Designated Pilot Examiner (DPE) plays an important
role in the FAA’s mission of promoting aviation safety
by administering FAA practical tests for pilot and Flight
Instructor Certificates and associated ratings. Although
administering these tests is a responsibility of the ASI, the
FAA'’s highest priority is making air travel safer by inspecting
aircraft that fly in the United States. To satisfy the need for
pilot testing and certification services, the FAA delegates
certain responsibilities to private individuals who are not
FAA employees.

Appointed in accordance with 14 CFR part 183, section
183.23, a DPE is an individual who meets the qualification
requirements of the Pilot Examiner’s Handbook, FAA Order
8710.3, and who:

e Istechnically qualified

< Holds all pertinent category, class, and type ratings
for each aircraft related to their designation

e Meetsrequirements of 14 CFR part 61, sections 61.56,
61.57, and 61.58, as appropriate

* Iscurrent and qualified to act as PIC of each aircraft
for which he or she is authorized

* Maintains at least a Third-Class Medical Certificate,
if required

e Maintains a current Flight Instructor Certificate, if
required

Designated to perform specific pilot certification tasks
on behalf of the FAA, a DPE may charge a reasonable
fee. Generally, a DPE’s authority is limited to accepting
applications and conducting practical tests leading to the
issuance of specific pilot certificates and/or ratings. The
majority of FAA practical tests at the private and commercial
pilot levels are administered by DPEs.

DPE candidates must have good industry reputations for
professionalism, integrity, a demonstrated willingness to
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serve the public, and must adhere to FAA policies and
procedures in certification matters. The FAA expects the
DPE to administer practical tests with the same degree of
professionalism, using the same methods, procedures, and
standards as an FAA ASI.

Chapter Summary

The FAA has entered the second century of civil aviation as a
robust government organization and is taking full advantage of
technology, such as Global Positioning System (GPS) satellite
technology to enhance the safety of civil aviation. The Internet
has also become an important tool in promoting aviation safety
and providing around-the-clock resources for the aviation
community. Handbooks, regulations, standards, references,
and online courses are now available at www.faa.gov.

In keeping with the FAA’s belief that safety is a learned
behavior, the FAA offers many courses and seminars to
enhance air safety. The FAA puts the burden of instilling safe
flying habits on the flight instructor, who should follow basic
flight safety practices and procedures in every flight operation
he or she undertakes with a student pilot. Operational safety
practices include, but are not limited to, collision avoidance
procedures consisting of proper scanning techniques, use of
checklists, runway incursion avoidance, positive transfer of
controls, and workload management. These safety practices
are discussed more fully within this handbook. Safe flight also
depends on Scenario-Based Training (SBT) that teaches the
student pilot how to respond in different flight situations. The
FAA has incorporated these techniques along with decision-
making methods, such as aeronautical decision-making
(ADM), risk management, and crew resource management
(CRM), which are covered more completely in Chapter 2,
Aeronautical Decision-Making.



Introduction

Aeronautical decision-making (ADM) is decision-making
in a unique environment—aviation. It is a systematic
approach to the mental process used by pilots to consistently
determine the best course of action in response to a given set
of circumstances. It is what a pilot intends to do based on the
latest information he or she has.
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The importance of learning and understanding effective
ADM skills cannot be overemphasized. While progress is
continually being made in the advancement of pilot training
methods, aircraft equipment and systems, and services
for pilots, accidents still occur. Despite all the changes in
technology to improve flight safety, one factor remains the
same: the human factor which leads to errors. It is estimated
that approximately 80 percent of all aviation accidents are
related to human factors and the vast majority of these
accidents occur during landing (24.1 percent) and takeoff
(23.4 percent). [Figure 2-1]

ADM is a systematic approach to risk assessment and stress
management. To understand ADM is to also understand
how personal attitudes can influence decision-making and
how those attitudes can be modified to enhance safety in the
flight deck. It is important to understand the factors that cause
humans to make decisions and how the decision-making
process not only works, but can be improved.

This chapter focuses on helping the pilot improve his or
her ADM skills with the goal of mitigating the risk factors
associated with flight. Advisory Circular (AC) 60-22,
“Aeronautical Decision-Making,” provides background
references, definitions, and other pertinent information about
ADM training in the general aviation (GA) environment.
[Figure 2-2]

History of ADM

For over 25 years, the importance of good pilot judgment, or
aeronautical decision-making (ADM), has been recognized
as critical to the safe operation of aircraft, as well as accident
avoidance. The airline industry, motivated by the need to
reduce accidents caused by human factors, developed the first
training programs based on improving ADM. Crew resource
management (CRM) training for flight crews is focused on
the effective use of all available resources: human resources,
hardware, and information supporting ADM to facilitate crew
cooperation and improve decision-making. The goal of all
flight crews is good ADM and the use of CRM is one way
to make good decisions.

Research in this area prompted the Federal Aviation
Administration (FAA) to produce training directed at
improving the decision-making of pilots and led to current
FAA regulations that require that decision-making be taught
as part of the pilot training curriculum. ADM research,
development, and testing culminated in 1987 with the
publication of six manuals oriented to the decision-making
needs of variously rated pilots. These manuals provided
multifaceted materials designed to reduce the number
of decision-related accidents. The effectiveness of these
materials was validated in independent studies where student
pilots received such training in conjunction with the standard
flying curriculum. When tested, the pilots who had received
ADM-training made fewer in-flight errors than those who had

@D Percentage of General Aviation Accidents

N
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15%

Figure 2-1. The percentage of aviation accidents as they relate to the different phases of flight. Note that the greatest percentage of
accidents take place during a minor percentage of the total flight.
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Figure 2-2. Advisory Circular (AC) 60-22, “Aeronautical Decision Making,” carries a wealth of information for the pilot to learn.

not received ADM training. The differences were statistically
significant and ranged from about 10 to 50 percent fewer
judgment errors. In the operational environment, an operator
flying about 400,000 hours annually demonstrated a 54
percent reduction in accident rate after using these materials
for recurrency training.

Contrary to popular opinion, good judgment can be taught.
Tradition held that good judgment was a natural by-product
of experience, but as pilots continued to log accident-free
flight hours, a corresponding increase of good judgment
was assumed. Building upon the foundation of conventional
decision-making, ADM enhances the process to decrease the
probability of human error and increase the probability of a
safe flight. ADM provides a structured, systematic approach
to analyzing changes that occur during a flight and how these
changes might affect the safe outcome of a flight. The ADM
process addresses all aspects of decision-making in the flight
deck and identifies the steps involved in good decision-making.

Steps for good decision-making are:
1. Identifying personal attitudes hazardous to safe flight
2. Learning behavior modification techniques
3. Learning how to recognize and cope with stress
4. Developing risk assessment skills

5. Using all resources
6. Evaluating the effectiveness of one’s ADM skills

Risk Management

The goal of risk management is to proactively identify
safety-related hazards and mitigate the associated risks. Risk
management is an important component of ADM. When a
pilot follows good decision-making practices, the inherent risk
in a flight is reduced or even eliminated. The ability to make
good decisions is based upon direct or indirect experience
and education. The formal risk management decision-making
process involves six steps as shown in Figure 2-3.

Consider automotive seat belt use. In just two decades, seat
belt use has become the norm, placing those who do not
wear seat belts outside the norm, but this group may learn to
wear a seat belt by either direct or indirect experience. For
example, a driver learns through direct experience about the
value of wearing a seat belt when he or she is involved in a car
accident that leads to a personal injury. An indirect learning
experience occurs when a loved one is injured during a car
accident because he or she failed to wear a seat belt.

As you work through the ADM cycle, it is important to
remember the four fundamental principles of risk management.

2-3



Identify

N
-
Assess
Risks

Analyze
Controls

Hazards

Monitor
Results

RISK

MANAGEMENT

PROCESS

Make Control
Decisions

- J

Figure 2-3. Risk management decision-making process.

1. Accept no unnecessary risk. Flying is not possible
without risk, but unnecessary risk comes without a
corresponding return. If you are flying a new airplane
for the first time, you might determine that the risk
of making that flight in low visibility conditions is
unnecessary.

2. Make risk decisions at the appropriate level. Risk
decisions should be made by the person who can
develop and implement risk controls. Remember
that you are pilot-in-command, so never let anyone
else—not ATC and not your passengers—make risk
decisions for you.

3. Accept risk when benefits outweigh dangers (costs).
In any flying activity, it is necessary to accept some
degree of risk. A day with good weather, for example,
is a much better time to fly an unfamiliar airplane for
the first time than a day with low IFR conditions.

4. Integrate risk management into planning at all levels.
Because risk is an unavoidable part of every flight,
safety requires the use of appropriate and effective risk
management not just in the preflight planning stage,
but in all stages of the flight.

While poor decision-making in everyday life does not always
lead to tragedy, the margin for error in aviation is thin. Since
ADM enhances management of an aeronautical environment,
all pilots should become familiar with and employ ADM.
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Crew Resource Management (CRM) and
Single-Pilot Resource Management

While CRM focuses on pilots operating in crew environments,
many of the concepts apply to single-pilot operations. Many
CRM principles have been successfully applied to single-pilot
aircraft and led to the development of Single-Pilot Resource
Management (SRM). SRM is defined as the art and science
of managing all the resources (both on-board the aircraft
and from outside sources) available to a single pilot (prior
to and during flight) to ensure the successful outcome of the
flight. SRM includes the concepts of ADM, risk management
(RM), task management (TM), automation management
(AM), controlled flight into terrain (CFIT) awareness, and
situational awareness (SA). SRM training helps the pilot
maintain situational awareness by managing the automation
and associated aircraft control and navigation tasks. This
enables the pilot to accurately assess and manage risk and
make accurate and timely decisions.

SRM is all about helping pilots learn how to gather
information, analyze it, and make decisions. Although the
flight is coordinated by a single person and not an onboard
flight crew, the use of available resources such as auto-pilot
and air traffic control (ATC) replicates the principles of CRM.

Hazard and Risk

Two defining elements of ADM are hazard and risk. Hazard
is areal or perceived condition, event, or circumstance that a
pilot encounters. When faced with a hazard, the pilot makes
an assessment of that hazard based upon various factors. The
pilot assigns a value to the potential impact of the hazard,
which qualifies the pilot’s assessment of the hazard—risk.

Therefore, risk is an assessment of the single or cumulative
hazard facing a pilot; however, different pilots see hazards
differently. For example, the pilot arrives to preflight and
discovers a small, blunt type nick in the leading edge at the
middle of the aircraft’s prop. Since the aircraft is parked on
the tarmac, the nick was probably caused by another aircraft’s
prop wash blowing some type of debris into the propeller.
The nick is the hazard (a present condition). The risk is prop
fracture if the engine is operated with damage to a prop blade.

The seasoned pilot may see the nick as a low risk. He
realizes this type of nick diffuses stress over a large area, is
located in the strongest portion of the propeller, and based
on experience; he does not expect it to propagate a crack that
can lead to high risk problems. He does not cancel his flight.



The inexperienced pilot may see the nick as a high risk factor
because he is unsure of the affect the nick will have on the
operation of the prop, and he has been told that damage to
a prop could cause a catastrophic failure. This assessment
leads him to cancel his flight.

Therefore, elements or factors affecting individuals are
different and profoundly impact decision-making. These
are called human factors and can transcend education,
experience, health, physiological aspects, etc.

Another example of risk assessment was the flight of a
Beechcraft King Air equipped with deicing and anti-icing.
The pilot deliberately flew into moderate to severe icing
conditions while ducking under cloud cover. A prudent pilot
would assess the risk as high and beyond the capabilities of
the aircraft, yet this pilot did the opposite. Why did the pilot
take this action?

Past experience prompted the action. The pilot had
successfully flown into these conditions repeatedly although
the icing conditions were previously forecast 2,000 feet above
the surface. This time, the conditions were forecast from the
surface. Since the pilot was in a hurry and failed to factor

in the difference between the forecast altitudes, he assigned
a low risk to the hazard and took a chance. He and the
passengers died from a poor risk assessment of the situation.

Hazardous Attitudes and Antidotes

Being fit to fly depends on more than just a pilot’s physical
condition and recent experience. For example, attitude
affects the quality of decisions. Attitude is a motivational
predisposition to respond to people, situations, or eventsin a
given manner. Studies have identified five hazardous attitudes
that can interfere with the ability to make sound decisions
and exercise authority properly: anti-authority, impulsivity,
invulnerability, macho, and resignation. [Figure 2-4]

Hazardous attitudes contribute to poor pilot judgment but
can be effectively counteracted by redirecting the hazardous
attitude so that correct action can be taken. Recognition of
hazardous thoughts is the first step toward neutralizing them.
After recognizing a thought as hazardous, the pilot should
label it as hazardous, then state the corresponding antidote.
Antidotes should be memorized for each of the hazardous
attitudes so they automatically come to mind when needed.

The Five Hazardous Attitudes

Antidote

Anti-authority: “Don’t tell me.”

if you feel it is in error.

Impulsivity: “Do it quickly.”

Invulnerability: “It won’t happen to me.”

this way are more likely to take chances and increase risk.

Macho: “l can do it.”

characteristic, women are equally susceptible.

Resignation: “What’s the use?”

This attitude is found in people who do not like anyone telling them what to do. In a
sense, they are saying, “No one can tell me what to do.” They may be resentful of
having someone tell them what to do or may regard rules, regulations, and procedures
as silly or unnecessary. However, it is always your prerogative to question authority

This is the attitude of people who frequently feel the need to do something, anything,
immediately. They do not stop to think about what they are about to do, they do not
select the best alternative, and they do the first thing that comes to mind.

Many people falsely believe that accidents happen to others, but never to them. They
know accidents can happen, and they know that anyone can be affected. However,
they never really feel or believe that they will be personally involved. Pilots who think

Pilots who are always trying to prove that they are better than anyone else think, “I can
do it—I'll show them.” Pilots with this type of attitude will try to prove themselves by
taking risks in order to impress others. While this pattern is thought to be a male

Pilots who think, “What’s the use?” do not see themselves as being able to make a

Follow the rules. They are usually right.

Not so fast. Think first.

It could happen to me.

Taking chances is foolish.

great deal of difference in what happens to them. When things go well, the pilot is apt
to think that it is good luck. When things go badly, the pilot may feel that someone is
out to get them or attribute it to bad luck. The pilot will leave the action to others, for
better or worse. Sometimes, such pilots will even go along with unreasonable requests
just to be a "nice guy."

Figure 2-4. The five hazardous attitudes identified through past and contemporary study.

I’'m not helpless. | can make a difference.




Risk

During each flight, the single pilot makes many decisions
under hazardous conditions. To fly safely, the pilot needs
to assess the degree of risk and determine the best course of
action to mitigate the risk.

Assessing Risk

For the single pilot, assessing risk is not as simple as it sounds.
For example, the pilot acts as his or her own quality control
in making decisions. If a fatigued pilot who has flown 16
hours is asked if he or she is too tired to continue flying, the
answer may be “no.” Most pilots are goal oriented and when
asked to accept a flight, there is a tendency to deny personal
limitations while adding weight to issues not germane to the
mission. For example, pilots of helicopter emergency services
(EMS) have been known (more than other groups) to make
flight decisions that add significant weight to the patient’s
welfare. These pilots add weight to intangible factors (the
patient in this case) and fail to appropriately quantify actual
hazards, such as fatigue or weather, when making flight
decisions. The single pilot who has no other crew member
for consultation must wrestle with the intangible factors that
draw one into a hazardous position. Therefore, he or she has
a greater vulnerability than a full crew.

Examining National Transportation Safety Board (NTSB)
reports and other accident research can help a pilot learn to
assess risk more effectively. For example, the accident rate
during night visual flight rules (VFR) decreases by nearly
50 percent once a pilot obtains 100 hours and continues to
decrease until the 1,000 hour level. The data suggest that for
the first 500 hours, pilots flying VFR at night might want to
establish higher personal limitations than are required by the
regulations and, if applicable, apply instrument flying skills
in this environment.

Several risk assessment models are available to assist in the
process of assessing risk. The models, all taking slightly
different approaches, seek a common goal of assessing risk
in an objective manner. The most basic tool is the risk matrix.
[Figure 2-5] It assesses two items: the likelihood of an event
occurring and the consequence of that event.

Likelihood of an Event

Likelihood is nothing more than taking a situation and
determining the probability of its occurrence. It is rated as
probable, occasional, remote, or improbable. For example, a
pilot is flying from point A to point B (50 miles) in marginal
visual flight rules (MVFR) conditions. The likelihood of
encountering potential instrument meteorological conditions
(IMC) is the first question the pilot needs to answer. The
experiences of other pilots, coupled with the forecast, might
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Risk Assessment Matrix

Severity

Likelihood critical  ["Marginal | Negligible |
Serious
Serious Medjum

Figure 2-5. This risk matrix can be used for almost any operation
by assigning likelihood and consequence. In the case presented,
the pilot assigned a likelihood of occasional and the severity as
catastrophic. As one can see, this falls in the high risk area.

cause the pilot to assign “occasional” to determine the
probability of encountering IMC.

The following are guidelines for making assignments.

Probable—an event will occur several times

Occasional—an event will probably occur sometime

Remote—an event is unlikely to occur, but is possible

Improbable—an event is highly unlikely to occur

Severity of an Event

The next element is the severity or consequence of a pilot’s
action(s). It can relate to injury and/or damage. If the
individual in the example above is not an instrument rated
pilot, what are the consequences of him or her encountering
inadvertent IMC conditions? In this case, because the pilot
is not IFR rated, the consequences are catastrophic. The
following are guidelines for this assignment.

Catastrophic—results in fatalities, total loss

Critical—severe injury, major damage

Marginal—minor injury, minor damage

Negligible—less than minor injury, less than minor
system damage

Simply connecting the two factors as shown in Figure 2-5
indicates the risk is high and the pilot must either not fly or
fly only after finding ways to mitigate, eliminate, or control
the risk.

Although the matrix in Figure 2-5 provides a general viewpoint
of a generic situation, a more comprehensive program can be
made that is tailored to a pilot’s flying. [Figure 2-6] This
program includes a wide array of aviation-related activities
specific to the pilot and assesses health, fatigue, weather,



 Pilot's Name - ~ Flight From - To

SLEEP | HOW IS THE DAY GOING? |
1. Did not sleep well or less than 8 hours 20 i 1. Seems like one thing after another (late,
2. Slept well 0 ’_ making errors, out of step) (3 Q_
2. Great day 00 @
HOW DO YOU FEEL? |
1. Have a cold orill T4 IS THE FLIGHT |
2. Feel great 0 &  1.Day? 1 @
3. Feel a bit off 2 d 2. Night? 3. @
WEATHER AT TERMINATION | PLANNING I
1. Greater than 5 miles visibility and 3,000 feet 1. Rush to get off ground 3 ’_
ceilings 1> & | 2.Nohurry 1 9
2. At least 3 miles visibility and 1,000 feet ceilings, 3. Used charts and computer to assist 70 ) ’_
but less than 3,000 feet ceilings and 5 miles 4. Used computer program for all planning Yes 730 @
visibility 3 @ No 70 &
3. IMC conditions (40 ’_ 5. Did you verify weight and balance? Yes (0 '
No (3 @
Columntotal © 6. Did you evaluate performance? Yes 70 ‘
No (30 @
7. Do you brief your passangers on the Yes 70 '
ground and in flight? No 72 ’_

Column total ¢ )

TOTAL SCORE

-
c
9]
£
15
o
o)
c
S

ye|
c

LIJ

é Not complex flight Exercise caution ‘29 Area of concern

Figure 2-6. Example of a more comprehensive risk assessment program.
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capabilities, etc. The scores are added and the overall score
falls into various ranges, with the range representative of
actions that a pilot imposes upon himself or herself.

Mitigating Risk

Risk assessment is only part of the equation. After
determining the level of risk, the pilot needs to mitigate the
risk. For example, the pilot flying from point A to point B (50
miles) in MVFR conditions has several ways to reduce risk:

*  Wait for the weather to improve to good visual flight
rules (VFR) conditions.

e Take an instrument-rated pilot.
*  Delay the flight.

e Cancel the flight.

* Drive.

One of the best ways single pilots can mitigate risk is to use
the IMSAFE checklist to determine physical and mental
readiness for flying:

1. HIness—Am I sick? llIness is an obvious pilot risk.

2.  Medication—Am | taking any medicines that might
affect my judgment or make me drowsy?

3. Stress—Am | under psychological pressure from the
job? Do | have money, health, or family problems?
Stress causes concentration and performance problems.
While the regulations list medical conditions that
require grounding, stress is not among them. The pilot
should consider the effects of stress on performance.

4. Alcohol—Have I been drinking within 8 hours?
Within 24 hours? As little as one ounce of liquor, one
bottle of beer, or four ounces of wine can impair flying
skills. Alcohol also renders a pilot more susceptible
to disorientation and hypoxia.

5. Fatigue—Am | tired and not adequately rested?
Fatigue continues to be one of the most insidious
hazards to flight safety, as it may not be apparent to
a pilot until serious errors are made.

6. Emotion—Am | emotionally upset?

The PAVE Checklist

Another way to mitigate risk is to perceive hazards. By
incorporating the PAVE checklist into preflight planning,
the pilot divides the risks of flight into four categories: Pilot-
in-command (PIC), Aircraft, enVironment, and External
pressures (PAVE) which form part of a pilot’s decision-
making process.

With the PAVE checklist, pilots have a simple way to
remember each category to examine for risk prior to each flight.
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Once a pilot identifies the risks of a flight, he or she needs
to decide whether the risk, or combination of risks, can be
managed safely and successfully. If not, make the decision to
cancel the flight. If the pilot decides to continue with the flight,
he or she should develop strategies to mitigate the risks. One
way a pilot can control the risks is to set personal minimums
for items in each risk category. These are limits unique to that
individual pilot’s current level of experience and proficiency.

For example, the aircraft may have a maximum crosswind
component of 15 knots listed in the aircraft flight manual
(AFM), and the pilot has experience with 10 knots of direct
crosswind. It could be unsafe to exceed a 10 knot crosswind
component without additional training. Therefore, the 10 knot
crosswind experience level is that pilot’s personal limitation
until additional training with a certificated flight instructor
(CFI) provides the pilot with additional experience for flying
in crosswinds that exceed 10 knots.

One of the most important concepts that safe pilots
understand is the difference between what is “legal” in terms
of the regulations, and what is “smart” or “safe” in terms of
pilot experience and proficiency.

P = Pilot in Command (PIC)

The pilot is one of the risk factors in a flight. The pilot must
ask, “Am | ready for this trip?” in terms of experience,
recency, currency, physical, and emotional condition. The
IMSAFE checklist provides the answers.

A = Aircraft

What limitations will the aircraft impose upon the trip? Ask
the following questions:

e Is this the right aircraft for the flight?

*  Am | familiar with and current in this aircraft? Aircraft
performance figures and the AFM are based on a brand
new aircraft flown by a professional test pilot. Keep
that in mind while assessing personal and aircraft
performance.

e s this aircraft equipped for the flight? Instruments?
Lights? Navigation and communication equipment
adequate?

e Canthis aircraft use the runways available for the trip
with an adequate margin of safety under the conditions
to be flown?

e  Can this aircraft carry the planned load?

e Canthisaircraft operate at the altitudes needed for the
trip?

» Does this aircraft have sufficient fuel capacity, with
reserves, for trip legs planned?



e Does the fuel quantity delivered match the fuel
quantity ordered?

V = EnVironment
Weather

Weather is a major environmental consideration. Earlier it was
suggested pilots set their own personal minimums, especially
when it comes to weather. As pilots evaluate the weather for
a particular flight, they should consider the following:

e What is the current ceiling and visibility? In
mountainous terrain, consider having higher
minimums for ceiling and visibility, particularly if
the terrain is unfamiliar.

e Consider the possibility that the weather may be
different than forecast. Have alternative plans and
be ready and willing to divert, should an unexpected
change occur.

»  Consider the winds at the airports being used and the
strength of the crosswind component.

e If flying in mountainous terrain, consider whether
there are strong winds aloft. Strong winds in
mountainous terrain can cause severe turbulence and
downdrafts and be very hazardous for aircraft even
when there is no other significant weather.

e Are there any thunderstorms present or forecast?

e If there are clouds, is there any icing, current or
forecast? What is the temperature/dew point spread
and the current temperature at altitude? Can descent
be made safely all along the route?

e If icing conditions are encountered, is the pilot
experienced at operating the aircraft’s deicing or
anti-icing equipment? Is this equipment in good
condition and functional? For what icing conditions
is the aircraft rated, if any?

Terrain

Evaluation of terrain is another important component of
analyzing the flight environment.

e To avoid terrain and obstacles, especially at night or
in low visibility, determine safe altitudes in advance
by using the altitudes shown on VFR and IFR charts
during preflight planning.

e Use maximum elevation figures (MEFs) and other
easily obtainable data to minimize chances of an
inflight collision with terrain or obstacles.

Airport

e What lights are available at the destination and
alternate airports? VASI/PAPI or ILS glideslope

guidance? Is the terminal airport equipped with them?
Are they working? Will the pilot need to use the radio
to activate the airport lights?

Check the Notices to Airmen (NOTAM) for closed
runways or airports. Look for runway or beacon lights
out, nearby towers, etc.

Choose the flight route wisely. An engine failure gives
the nearby airports supreme importance.

Are there shorter or obstructed fields at the destination
and/or alternate airports?

Airspace

If the trip is over remote areas, is there appropriate
clothing, water, and survival gear onboard in the event
of a forced landing?

If the trip includes flying over water or unpopulated
areas with the chance of losing visual reference to the
horizon, the pilot must be prepared to fly IFR.

Check the airspace and any temporary flight restriction
(TFRs) along the route of flight.

Nighttime
Night flying requires special consideration.

If the trip includes flying at night over water or
unpopulated areas with the chance of losing visual
reference to the horizon, the pilot must be prepared
to fly IFR.

Will the flight conditions allow a safe emergency
landing at night?

Perform preflight check of all aircraft lights, interior
and exterior, for a night flight. Carry at least two
flashlights—one for exterior preflight and a smaller
one that can be dimmed and kept nearby.

E = External Pressures

External pressures are influences external to the flight that
create a sense of pressure to complete a flight—often at the
expense of safety. Factors that can be external pressures
include the following:

Someone waiting at the airport for the flight’s arrival
A passenger the pilot does not want to disappoint
The desire to demonstrate pilot qualifications

The desire to impress someone (Probably the two most
dangerous words in aviation are “Watch this!”)

The desire to satisfy a specific personal goal (“get-
home-itis,” “get-there-itis,” and “let’s-go-itis™)

The pilot’s general goal-completion orientation
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e Emotional pressure associated with acknowledging
that skill and experience levels may be lower than a
pilot would like them to be. Pride can be a powerful
external factor!

Managing External Pressures

Management of external pressure is the single most important
key to risk management because it is the one risk factor
category that can cause a pilot to ignore all the other risk
factors. External pressures put time-related pressure on the
pilot and figure into a majority of accidents.

The use of personal standard operating procedures (SOPs) is
one way to manage external pressures. The goal is to supply a
release for the external pressures of a flight. These procedures
include but are not limited to:

e Allow time on a trip for an extra fuel stop or to make
an unexpected landing because of weather.

e Have alternate plans for a late arrival or make backup
airline reservations for must-be-there trips.

e For really important trips, plan to leave early enough
so that there would still be time to drive to the
destination, if necessary.

»  Advise those who are waiting at the destination that
the arrival may be delayed. Know how to notify them
when delays are encountered.

* Manage passengers’ expectations. Make sure
passengers know that they might not arrive on a firm
schedule, and if they must arrive by a certain time,
they should make alternative plans.

» Eliminate pressure to return home, even on a casual
day flight, by carrying a small overnight kit containing
prescriptions, contact lens solutions, toiletries, or other
necessities on every flight.

The key to managing external pressure is to be ready for
and accept delays. Remember that people get delayed when
traveling on airlines, driving a car, or taking a bus. The pilot’s
goal is to manage risk, not create hazards. [Figure 2-7]

Human Factors

Why are human conditions, such as fatigue, complacency
and stress, so important in aviation? These conditions, along
with many others, are called human factors. Human factors
directly cause or contribute to many aviation accidents and

Pilot |

A pilot must continually make decisions about competency,
condition of health, mental and emotional state, level of fatigue,
and many other variables. For example, a pilot may be called
early in the morning to make a long flight. If a pilot has had only
a few hours of sleep and is concerned that the congestion
being experienced could be the onset of a cold, it would be
prudent to consider if the flight could be accomplished safely.

A pilot had only 4 hours of sleep the night before being asked
by the boss to fly to a meeting in a city 750 miles away. The
reported weather was marginal and not expected to improve.
After assessing fitness as a pilot, it was decided that it would
not be wise to make the flight. The boss was initially unhappy,
but later convinced by the pilot that the risks involved were
unacceptable.

Aircraft |

A pilot will frequently base decisions on the evaluations of the
aircraft, such as performance, equipment, or airworthiness.

During a preflight, a pilot noticed a small amount of oil dripping
from the bottom of the cowling. Although the quantity of oil
seemed insignificant at the time, the pilot decided to delay the
takeoff and have a mechanic check the source of the oil.

The pilot's good judgment was confirmed when the mechanic
found that one of the oil cooler hose fittings was loose.

Environment I

This encompasses many elements not pilot or airplane related.
It can include such factors as weather, air traffic control,
navigational aids (NAVAIDS), terrain, takeoff and landing
areas, and surrounding obstacles. Weather is one element that
can change drastically over time and distance.

A pilot was landing a small airplane just after a heavy jet had
departed a parallel runway. The pilot assumed that wake
turbulence would not be a problem since landings had been
performed under similar circumstances. Due to a combination
of prevailing winds and wake turbulence from the heavy jet
drifting across the landing runway, the airplane made a hard
landing. The pilot made an error when assessing the flight
environment.

External pressures |

The interaction between the pilot, airplane, and the environment
is greatly influenced by the purpose of each flight operation.

The pilot must evaluate the three previous areas to decide on
the desirability of undertaking or continuing the flight as planned.
It is worth asking why the flight is being made, how critical is it to
maintain the schedule, and is the trip worth the risks?

On a ferry flight to deliver an airplane from the factory, in
marginal weather conditions, the pilot calculated the
groundspeed and determined that the airplane would arrive at
the destination with only 10 minutes of fuel remaining. The pilot
was determined to keep on schedule by trying to “stretch” the
fuel supply instead of landing to refuel. After landing with low
fuel state, the pilot realized that this could have easily resulted
in an emergency landing in deteriorating weather conditions.
This was a chance that was not worth taking to keep the
planned schedule.

Figure 2-7. The PAVE checklist.
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have been documented as a primary contributor to more than
70 percent of aircraft accidents.

Typically, human factor incidents/accidents are associated
with flight operations but recently have also become a major
concern in aviation maintenance and air traffic management
aswell. [Figure 2-8] Over the past several years, the FAA has
made the study and research of human factors a top priority
by working closely with engineers, pilots, mechanics, and
ATC to apply the latest knowledge about human factors in
an effort to help operators and maintainers improve safety
and efficiency in their daily operations.

Human factors science, or human factors technologies,
is a multidisciplinary field incorporating contributions
from psychology, engineering, industrial design, statistics,
operations research, and anthropometry. It is a term that
covers the science of understanding the properties of
human capability, the application of this understanding to
the design, development and deployment of systems and
services, and the art of ensuring successful application of
human factor principles into all aspects of aviation to include
pilots, ATC, and aviation maintenance. Human factors is
often considered synonymous with CRM or maintenance
resource management (MRM) but is really much broader in

both its knowledge base and scope. Human factors involves
gathering research specific to certain situations (i.e., flight,
maintenance, stress levels, knowledge) about human abilities,
limitations, and other characteristics and applying it to tool
design, machines, systems, tasks, jobs, and environments
to produce safe, comfortable, and effective human use. The
entire aviation community benefits greatly from human
factors research and development as it helps better understand
how humans can most safely and efficiently perform their
jobs and improve the tools and systems in which they interact.

Human Behavior

Studies of human behavior have tried to determine an
individual’s predisposition to taking risks and the level of
an individual’s involvement in accidents. In 1951, a study
regarding injury-prone children was published by Elizabeth
Mechem Fuller and Helen B. Baune, of the University of
Minnesota. The study was comprised of two separate groups
of second grade students. Fifty-five students were considered
accident repeaters and 48 students had no accidents. Both
groups were from the same school of 600 and their family
demographics were similar.

The accident-free group showed a superior knowledge
of safety, was considered industrious and cooperative

Figure 2-8. Human factors effects pilots, aviation maintenance technicians (AMTSs) and air traffic control (ATC).
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with others, but were not considered physically inclined.
The accident-repeater group had better gymnastic skills,
was considered aggressive and impulsive, demonstrated
rebellious behavior when under stress, were poor losers, and
liked to be the center of attention. One interpretation of this
data—an adult predisposition to injury stems from childhood
behavior and environment—Ieads to the conclusion that
any pilot group should be comprised only of pilots who are
safety-conscious, industrious, and cooperative.

Clearly, this is not only an inaccurate inference, it is
impossible. Pilots are drawn from the general population and
exhibit all types of personality traits. Thus, it is important that
good decision-making skills be taught to all pilots.

Historically, the term “pilot error” has been used to describe
an accident in which an action or decision made by the
pilot was the cause or a contributing factor that led to the
accident. This definition also includes the pilot’s failure
to make a correct decision or take proper action. From a
broader perspective, the phrase “human factors related” more
aptly describes these accidents. A single decision or event
does not lead to an accident, but a series of events and the
resultant decisions together form a chain of events leading
to an outcome.

In his article “Accident-Prone Pilots,” Dr. Patrick R. Veillette
uses the history of “Captain Everyman” to demonstrate how
aircraft accidents are caused more by a chain of poor choices
rather than one single poor choice. In the case of Captain
Everyman, after a gear-up landing accident, he became
involved in another accident while taxiing a Beech 58P Baron
out of the ramp. Interrupted by a radio call from the dispatcher,
Everyman neglected to complete the fuel cross-feed check
before taking off. Everyman, who was flying solo, left the
right-fuel selector in the cross-feed position. Once aloft and
cruising, he noticed a right roll tendency and corrected with
aileron trim. He did not realize that both engines were feeding
off the left wing’s tank, making the wing lighter.

After two hours of flight, the right engine quit when
Everyman was flying along a deep canyon gorge. While he
was trying to troubleshoot the cause of the right engine’s
failure, the left engine quit. Everyman landed the aircraft on
a river sand bar but it sank into ten feet of water.

Several years later Everyman flew a de Havilland Twin
Otter to deliver supplies to a remote location. When he
returned to home base and landed, the aircraft veered sharply
to the left, departed the runway, and ran into a marsh 375
feet from the runway. The airframe and engines sustained
considerable damage. Upon inspecting the wreck, accident
investigators found the nose wheel steering tiller in the fully
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deflected position. Both the after takeoff and before landing
checklists require the tiller to be placed in the neutral position.
Everyman had overlooked this item.

Now, is Everyman accident prone or just unlucky? Skipping
details on a checklist appears to be a common theme in the
preceding accidents. While most pilots have made similar
mistakes, these errors were probably caught prior to a mishap
due to extra margin, good warning systems, a sharp copilot,
or just good luck. What makes a pilot less prone to accidents?

The successful pilot possesses the ability to concentrate,
manage workloads, and monitor and perform several
simultaneous tasks. Some of the latest psychological
screenings used in aviation test applicants for their ability
to multitask, measuring both accuracy, as well as the
individual’s ability to focus attention on several subjects
simultaneously. The FAA oversaw an extensive research
study on the similarities and dissimilarities of accident-free
pilots and those who were not. The project surveyed over
4,000 pilots, half of whom had “clean” records while the
other half had been involved in an accident.

Five traits were discovered in pilots prone to having
accidents. These pilots:

» Have disdain toward rules

*  Have very high correlation between accidents on their
flying records and safety violations on their driving
records

*  Frequently fall into the “thrill and adventure seeking”
personality category

»  Areimpulsive rather than methodical and disciplined,
both in their information gathering and in the speed
and selection of actions to be taken

» Have a disregard for or tend to under utilize outside
sources of information, including copilots, flight
attendants, flight service personnel, flight instructors,
and ATC

The Decision-Making Process

An understanding of the decision-making process provides
the pilot with a foundation for developing ADM and SRM
skills. While some situations, such as engine failure, require an
immediate pilot response using established procedures, there is
usually time during a flight to analyze any changes that occur,
gather information, and assess risks before reaching a decision.

Risk management and risk intervention is much more than the
simple definitions of the terms might suggest. Risk management
and risk intervention are decision-making processes designed
to systematically identify hazards, assess the degree of risk, and



determine the best course of action. These processes involve
the identification of hazards, followed by assessments of the
risks, analysis of the controls, making control decisions, using
the controls, and monitoring the results.

The steps leading to this decision constitute a decision-
making process. Three models of a structured framework
for problem-solving and decision-making are the 5P, the 3P
using PAVE, CARE and TEAM, and the DECIDE models.
They provide assistance in organizing the decision process.
All these models have been identified as helpful to the single
pilot in organizing critical decisions.

Single-Pilot Resource Management (SRM)
Single-Pilot Resource Management (SRM) is about how to
gather information, analyze it, and make decisions. Learning
how to identify problems, analyze the information, and make
informed and timely decisions is not as straightforward as the
training involved in learning specific maneuvers. Learning
how to judge a situation and “how to think” in the endless
variety of situations encountered while flying out in the “real
world” is more difficult.

There is no one right answer in ADM, rather each pilot is
expected to analyze each situation in light of experience
level, personal minimums, and current physical and mental
readiness level, and make his or her own decision.

The 5 Ps Check

SRM sounds good on paper, but it requires a way for pilots
to understand and use it in their daily flights. One practical
application is called the “Five Ps (5 Ps).” [Figure 2-9] The
5 Ps consist of “the Plan, the Plane, the Pilot, the Passengers,
and the Programming.” Each of these areas consists of a set
of challenges and opportunities that every pilot encounters.
Each challenge and opportunity can substantially increase or
decrease the risk of successfully completing the flight based
on the pilot’s ability to make informed and timely decisions.
The 5 Ps are used to evaluate the pilot’s current situation at
key decision points during the flight or when an emergency

The SRM Five “Ps” Check
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Figure 2-9. The Five Ps checklist.

arises. These decision points include preflight, pretakeoff,
hourly or at the midpoint of the flight, pre-descent, and just
prior to the final approach fix or for VFR operations, just
prior to entering the traffic pattern.

The 5 Ps are based on the idea that pilots have essentially
five variables that impact his or her environment and forcing
him or her to make a single critical decision, or several less
critical decisions, that when added together can create a
critical outcome. These variables are the Plan, the Plane, the
Pilot, the Passengers, and the Programming. This concept
stems from the belief that current decision-making models
tended to be reactionary in nature. A change has to occur
and be detected to drive a risk management decision by the
pilot. For instance, many pilots complete risk management
sheets prior to takeoff. These form a catalog of risks
that may be encountered that day. Each of these risks is
assigned a numerical value. If the total of these numerical
values exceeds a predetermined level, the flight is altered or
cancelled. Informal research shows that while these are useful
documents for teaching risk factors, they are almost never
used outside of formal training programs. The 5P concept is
an attempt to take the information contained in those sheets
and in the other available models and use it.

The 5P concept relies on the pilot to adopt a “scheduled”
review of the critical variables at points in the flight where
decisions are most likely to be effective. For instance, the
easiest point to cancel a flight due to bad weather is before the
pilot and passengers walk out the door and load the aircraft.
So the first decision point is preflight in the flight planning
room, where all the information is readily available to make
a sound decision, and where communication and Fixed
Base Operator (FBO) services are readily available to make
alternate travel plans.

The second easiest point in the flight to make a critical safety
decision is just prior to takeoff. Few pilots have ever had
to make an “emergency takeoff.” While the point of the 5P
check is to help the pilot fly, the correct application of the 5
P before takeoff is to assist in making a reasoned go/no-go
decision based on all the information available. That decision
will usually be to “go,” with certain restrictions and changes,
but may also be a “no-go.” The key idea is that these two
points in the process of flying are critical go/no-go points on
each and every flight.

The third place to review the 5 Ps is at the midpoint of the
flight. Often, pilots may wait until the Automated Terminal
information Service (ATIS) is in range to check weather, yet,
at this point in the flight, many good options have already
passed behind the aircraft and pilot. Additionally, fatigue
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and low-altitude hypoxia serve to rob the pilot of much of
his or her energy by the end of a long and tiring flight day.
This leads to a transition from a decision-making mode to an
acceptance mode on the part of the pilot. If the flight is longer
than 2 hours, the 5 P check should be conducted hourly.

The last two decision points are just prior to descent into the
terminal area and just prior to the final approach fix, or if
VFR, just prior to entering the traffic pattern as preparations
for landing commence. Most pilots execute approaches with
the expectation that they will land out of the approach every
time. A healthier approach requires the pilot to assume that
changing conditions (the 5 Ps again) will cause the pilot to
divert or execute the missed approach on every approach.
This keeps the pilot alert to all manner of conditions that
may increase risk and threaten the safe conduct of the flight.
Diverting from cruise altitude saves fuel, allows unhurried
use of the autopilot and is less reactive in nature. Diverting
from the final approach fix, while more difficult, still allows
the pilot to plan and coordinate better, rather than executing
a futile missed approach. Let’s look at a detailed discussion
of each of the Five Ps.

The Plan

The “Plan” can also be called the mission or the task. It
contains the basic elements of cross-country planning,
weather, route, fuel, publications currency, etc. The “Plan”
should be reviewed and updated several times during the
course of the flight. A delayed takeoff due to maintenance,
fast moving weather, and a short notice TFR may all radically
alter the plan. The “plan” is not only about the flight plan,
but also all the events that surround the flight and allow the
pilot to accomplish the mission. The plan is always being
updated and modified and is especially responsive to changes
in the other four remaining Ps. If for no other reason, the 5P
check reminds the pilot that the day’s flight plan is real life
and subject to change at any time.

Obviously, weather is a huge part of any plan. The addition
of datalink weather information gives the advanced avionics
pilot a real advantage in inclement weather, but only if the
pilot is trained to retrieve and evaluate the weather in real
time without sacrificing situational awareness. And of course,
weather information should drive a decision, even if that
decision is to continue on the current plan. Pilots of aircraft
without datalink weather should get updated weather in flight
through an FSS and/or Flight Watch.

The Plane

Both the “plan” and the “plane” are fairly familiar to most
pilots. The “plane” consists of the usual array of mechanical
and cosmetic issues that every aircraft pilot, owner, or
operator can identify. With the advent of advanced avionics,
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the “plane” has expanded to include database currency,
automation status, and emergency backup systems that were
unknown a few years ago. Much has been written about
single pilot IFR flight, both with and without an autopilot.
While this is a personal decision, it is just that—a decision.
Low IFR in a non-autopilot equipped aircraft may depend
on several of the other Ps to be discussed. Pilot proficiency,
currency, and fatigue are among them.

The Pilot

Flying, especially when business transportation is involved,
can expose a pilot to risks such as high altitudes, long trips
requiring significant endurance, and challenging weather.
Advanced avionics, when installed, can expose a pilot to high
stresses because of the inherent additional capabilities which
are available. When dealing with pilot risk, it is always best
to consult the “IMSAFE” checklist (see page 2-6).

The combination of late nights, pilot fatigue, and the effects
of sustained flight above 5,000 feet may cause pilots to
become less discerning, less critical of information, less
decisive, and more compliant and accepting. Just as the most
critical portion of the flight approaches (for instance a night
instrument approach, in the weather, after a 4-hour flight),
the pilot’s guard is down the most. The 5 P process helps a
pilot recognize the physiological challenges that they may
face towards the end of the flight prior to takeoff and allows
them to update personal conditions as the flight progresses.
Once risks are identified, the pilot is in a better place to
make alternate plans that lessen the effect of these factors
and provide a safer solution.

The Passengers

One of the key differences between CRM and SRM is the
way passengers interact with the pilot. The pilot of a highly
capable single-engine aircraft maintains a much more personal
relationship with the passengers as he/she is positioned within
an arm’s reach of them throughout the flight.

The necessity of the passengers to make airline connections
or important business meetings in a timely manner enters
into this pilot’s decision-making loop. Consider a flight
to Dulles Airport in which and the passengers, both close
friends and business partners, need to get to Washington,
D.C. for an important meeting. The weather is VFR all the
way to southern Virginia, then turns to low IFR as the pilot
approaches Dulles. A pilot employing the 5 P approach
might consider reserving a rental car at an airport in northern
North Carolina or southern Virginia to coincide with a
refueling stop. Thus, the passengers have a way to get to
Washington, and the pilot has an out to avoid being pressured
into continuing the flight if the conditions do not improve.



Passengers can also be pilots. If no one is designated as pilot
in command (PIC) and unplanned circumstances arise, the
decision-making styles of several self-confident pilots may
come into conflict.

Pilots also need to understand that non-pilots may not
understand the level of risk involved in flight. There is an
element of risk in every flight. That is why SRM calls it risk
management, not risk elimination. While a pilot may feel
comfortable with the risk present in a night IFR flight, the
passengers may not. A pilot employing SRM should ensure
the passengers are involved in the decision-making and given
tasks and duties to keep them busy and involved. If, upon a
factual description of the risks present, the passengers decide
to buy an airline ticket or rent a car, then a good decision has
generally been made. This discussion also allows the pilot
to move past what he or she thinks the passengers want to
do and find out what they actually want to do. This removes
self-induced pressure from the pilot.

The Programming

The advanced avionics aircraft adds an entirely new
dimension to the way GA aircraft are flown. The electronic
instrument displays, GPS, and autopilot reduce pilot
workload and increase pilot situational awareness. While
programming and operation of these devices are fairly
simple and straightforward, unlike the analog instruments
they replace, they tend to capture the pilot’s attention and
hold it for long periods of time. To avoid this phenomenon,
the pilot should plan in advance when and where the
programming for approaches, route changes, and airport
information gathering should be accomplished, as well as
times it should not. Pilot familiarity with the equipment, the
route, the local ATC environment, and personal capabilities
vis-a-vis the automation should drive when, where, and how
the automation is programmed and used.

The pilot should also consider what his or her capabilities
are in response to last minute changes of the approach (and
the reprogramming required) and ability to make large-scale
changes (a reroute for instance) while hand flying the aircraft.
Since formats are not standardized, simply moving from one
manufacturer’s equipment to another should give the pilot
pause and require more conservative planning and decisions.

The SRM process is simple. At least five times before
and during the flight, the pilot should review and consider
the “Plan, the Plane, the Pilot, the Passengers, and the
Programming” and make the appropriate decision required
by the current situation. It is often said that failure to make
a decision is a decision. Under SRM and the 5 Ps, even the
decision to make no changes to the current plan is made
through a careful consideration of all the risk factors present.

Perceive, Process, Perform (3P) Model

The Perceive, Process, Perform (3P) model for ADM offers
asimple, practical, and systematic approach that can be used
during all phases of flight. To use it, the pilot will:

»  Perceive the given set of circumstances for a flight
*  Process by evaluating their impact on flight safety

»  Perform by implementing the best course of action

Use the Perceive, Process, Perform, and Evaluate method as
a continuous model for every aeronautical decision that you
make. Although human beings will inevitably make mistakes,
anything that you can do to recognize and minimize potential
threats to your safety will make you a better pilot.

Depending upon the nature of the activity and the time
available, risk management processing can take place in
any of three timeframes. [Figure 2-10] Most flight training
activities take place in the “time-critical” timeframe for
risk management. The six steps of risk management can be
combined into an easy-to-remember 3P model for practical
risk management: Perceive, Process, Perform with the PAVE,
CARE and TEAM checklists. Pilots can help perceive
hazards by using the PAVE checklist of: Pilot, Aircraft,
enVironment, and External pressures. They can process
hazards by using the CARE checklist of: Consequences,
Alternatives, Reality, External factors. Finally, pilots can
perform risk management by using the TEAM choice list
of: Transfer, Eliminate, Accept, or Mitigate.

PAVE Checklist: Identify Hazards and Personal
Minimums

In the first step, the goal is to develop situational awareness
by perceiving hazards, which are present events, objects, or
circumstances that could contribute to an undesired future
event. In this step, the pilot will systematically identify and

Strategic

Used in a complex operation (e.g.,
introduction of new equipment); involves
research, use of analysis tools, formal
testing, or long term tracking of risks.

Purpose

Deliberate

Uses experience and brainstorming to identify
hazards, assess risks, and develop controls
for planning operations, review of standard
operating or training procedures, etc.

Time-Critical

“On the fly” mental or verbal review using
the basic risk management process
during the execution phase of an activity.

Figure 2-10. Risk management processing can take place in any of three timeframes.
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list hazards associated with all aspects of the flight: Pilot,
Aircraft, enVironment, and External pressures, which makes
up the PAVE checklist. [Figure 2-11] For each element,
ask “what could hurt me, my passengers, or my aircraft?”
All four elements combine and interact to create a unique
situation for any flight. Pay special attention to the pilot-
aircraft combination, and consider whether the combined
“pilot-aircraft team” is capable of the mission you want to fly.
For example, you may be a very experienced and proficient
pilot, but your weather flying ability is still limited if you
are flying a 1970s-model aircraft with no weather avoidance
gear. On the other hand, you may have a new technically
advanced aircraft with moving map GPS, weather datalink,
and autopilot—but if you do not have much weather flying
experience or practice in using this kind of equipment, you
cannot rely on the airplane’s capability to compensate for
your own lack of experience.

CARE Checklist: Review Hazards and Evaluate Risks

In the second step, the goal is to process this information to
determine whether the identified hazards constitute risk, which
is defined as the future impact of a hazard that is not controlled
or eliminated. The degree of risk posed by a given hazard
can be measured in terms of exposure (number of people or
resources affected), severity (extent of possible loss), and
probability (the likelihood that a hazard will cause a loss). The
goal is to evaluate their impact on the safety of your flight,
and consider “why must | CARE about these circumstances?”

For each hazard that you perceived in step one, process by
using the CARE checklist of: Consequences, Alternatives,
Reality, External factors. [Figure 2-12] For example, let's
evaluate a night flight to attend a business meeting:

Consequences—departing after a full workday creates
fatigue and pressure

Alternatives—delay until morning; reschedule
meeting; drive

Reality —dangers and distractions of fatigue could
lead to an accident

External pressures—business meeting at destination
might influence me

A good rule of thumb for the processing phase: if you find
yourself saying that it will “probably” be okay, it is definitely
time for a solid reality check. If you are worried about missing
a meeting, be realistic about how that pressure will affect
not just your initial go/no-go decision, but also your inflight
decisions to continue the flight or divert.

TEAM Checklist: Choose and Implement Risk
Controls

Once you have perceived a hazard (step one) and processed
its impact on flight safety (step two), it is time to move to the
third step, perform. Perform risk management by using the
TEAM checklist of: Transfer, Eliminate, Accept, Mitigate
to deal with each factor. [Figure 2-13]

Transfer—Should this risk decision be transferred to
someone else (e.g., do you need to consult the chief
flight instructor?)

Eliminate—Is there a way to eliminate the hazard?

Accept—Do the benefits of accepting risk outweigh
the costs?

Mitigate—What can you do to mitigate the risk?

The goal is to perform by taking action to eliminate hazards
or mitigate risk, and then continuously evaluate the outcome
of this action. With the example of low ceilings at destination,
for instance, the pilot can perform good ADM by selecting
a suitable alternate, knowing where to find good weather,

Pilots can perceive hazards by using the PAVE checklist:

Pilot |

Gayle is a healthy and well-rested private pilot with
approximately 300 hours total flight time. Hazards include her
lack of overall and cross-country experience and the fact that
she has not flown at all in 2 months.

Aircraft I

Although it does not have a panel-mount GPS or weather
avoidance gear, the aircraft—a C182 Skylane with long-range
fuel tanks—is in good mechanical condition with no inoperative
equipment. The instrument panel is a standard “six-pack.”

EnVironment |

Departure and destination airports have long runways.
Weather is the main hazard. Although it is VFR, it is a typical
summer day in the Mid-Atlantic region: hot (near 90 °F) hazy
(visibility 7 miles), and humid with a density altitude of 2,500
feet. Weather at the destination airport (located in the
mountains) is still IMC but forecast to improve to visual
meteorological conditions (VMC) prior to her arrival. En route
weather is VMC, but there is an AIRMET Sierra for pockets of
IMC over mountain ridges along the proposed route of flight.

External pressures |
Gayle is making the trip to spend a weekend with relatives she
does not see very often. Her family is very excited and has
made a number of plans for the visit.

Figure 2-11. A real-world example of how the 3P model guides decisions on a cross-country trip using the PAVE checklist.
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Pilots can perceive hazards by using the CARE checklist:

Pilot |

¢ Consequences: Gayle’s inexperience and lack of recent
flight time create some risks for an accident, primarily because|
she plans to travel over mountains on a hazy day and land
at an unfamiliar mountain airport that is still in IMC
conditions.

* Alternatives: Gayle might mitigate the pilot-related risk by
hiring a CFI to accompany her and provide dual cross-
country instruction. An added benefit is the opportunity to
broaden her flying experience in safe conditions.

* Reality: Accepting the reality that limited experience can
create additional risks is a key part of sound risk management
and mitigation.

* External Factors: Like many pilots, Gayle must contend with
the emotional pressure associated with acknowledging that
her skill and experience levels may be lower than she would
like them to be. Pride can be a powerful external factor!

Environment |

e Consequences: For a pilot whose experience consists
mostly of local flights in good VMC, launching a long cross-
country flight over mountainous terrain in hazy conditions
could lead to pilot disorientation and increase the risk of an
accident.

* Alternatives: Options include postponing the trip until the
visibility improves, or modifying the route to avoid extended
periods of time over the mountains.

¢ Reality: Hazy conditions and mountainous terrain clearly
create risks for an inexperienced VFR-only pilot.

* External Factors: Few pilots are immune to the pressure of
“get-there-itis,” which can sometimes induce a decision to
launch or continue in less than ideal weather conditions.

Aircraft |

Consequences: This area presents low risk because the
aircraft is in excellent mechanical condition and Gayle is
familiar with its avionics.

Alternatives: Had there been a problem with her aircraft,
Gayle might have considered renting another plane from her
flight school. Bear in mind, however, that alternatives
sometimes create new hazards. In this instance, there may
be hazards associated with flying an unfamiliar aircraft with
different avionics.

Reality: It is important to recognize the reality of an aircraft's
mechanical condition. If you find a maintenance discrepancy
and then find yourself saying that it is “probably” okay to fly
with it anyway, you need to revisit the consequences part of
this checklist.

External Factors: Pilot decision-making can sometimes be
influenced by the external pressure of needing to return the
airplane to the FBO by a certain date and time. Because
Gayle owns the airplane, there was no such pressure in this
case.

External pressures |

Consequences: Any number of factors can create the risk of
emotional pressure from a “get-there” mentality. In Gayle’s
case, the consequences of her strong desire to visit family,
her family’s expectations, and personal pride could induce
her to accept unnecessary risks.

Alternatives: Gayle clearly needs to develop a mitigating
strategy for each of the external factors associated with this
trip.

Reality: Pilots sometimes tend to discount or ignore the
potential impact of these external factors. Gayle’s open
acknowledgement of these factors (e.g., “I might be
pressured into pressing on so my mother won’t have to
worry about our late arrival.”) is a critical element of effective
risk management.

External Factors: (see above)

Figure 2-12. A real-world examples of how the 3P model guides decisions on a cross-country trip using the CARE checklist.

and carrying sufficient fuel to reach it. This course of action
would mitigate the risk. The pilot also has the option to
eliminate it entirely by waiting for better weather.

Once the pilot has completed the 3P decision process and
selected a course of action, the process begins anew because
now the set of circumstances brought about by the course of
action requires analysis. The decision-making process is a
continuous loop of perceiving, processing, and performing.
With practice and consistent use, running through the 3P
cycle can become a habit that is as smooth, continuous, and
automatic as a well-honed instrument scan. This basic set
of practical risk management tools can be used to improve
risk management.

Your mental willingness to follow through on safe decisions,
especially those that require delay or diversion s critical. You
can bulk up your mental muscles by:

Using personal minimums checklist to make some
decisions in advance of the flight. To develop a good
personal minimums checklist, you need to assess your
abilities and capabilities in a non-flying environment,
when there is no pressure to make a specific trip. Once
developed, a personal minimums checklist will give
you a clear and concise reference point for making
your go/no-go or continue/discontinue decisions.

In addition to having personal minimums, some pilots
also like to use a preflight risk assessment checklist to
help with the ADM and risk management processes.
This kind of form assigns numbers to certain risks
and situations, which can make it easier to see when
a particular flight involves a higher level of risk

Develop a list of good alternatives during your
processing phase. In marginal weather, for instance,
you might mitigate the risk by identifying a reasonable
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Pilots can perform risk management by using the TEAM checklist:

Figure 2-13. A real-world example of how the 3P model guides decisions on a cross-country trip using the TEAM checklist.
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alternative airport for every 25-30 nautical mile
segment of your route.

Preflight your passengers by preparing them for the
possibility of delay and diversion, and involve them
in your evaluation process.

Another important tool—overlooked by many pilots—
is a good post-flight analysis. When you have safely
secured the airplane, take the time to review and
analyze the flight as objectively as you can. Mistakes
and judgment errors are inevitable; the most important
thing is for you to recognize, analyze, and learn from
them before your next flight.

The DECIDE Model

Using the acronym “DECIDE,” the six-step process DECIDE
Model is another continuous loop process that provides the
pilot with a logical way of making decisions. [Figure 2-14]
DECIDE means to Detect, Estimate, Choose a course of
action, ldentify solutions, Do the necessary actions, and
Evaluate the effects of the actions.

First, consider a recent accident involving a Piper Apache (PA-
23). The aircraft was substantially damaged during impact
with terrain at a local airport in Alabama. The certificated
airline transport pilot (ATP) received minor injuries and the
certificated private pilot was not injured. The private pilot



was receiving a checkride from the ATP (who was also a
designated examiner) for a commercial pilot certificate with
a multi-engine rating. After performing airwork at altitude,
they returned to the airport and the private pilot performed a
single-engine approach to a full stop landing. He then taxied
back for takeoff, performed a short field takeoff, and then
joined the traffic pattern to return for another landing. During
the approach for the second landing, the ATP simulated a right

engine failure by reducing power on the right engine to zero
thrust. This caused the aircraft to yaw right.

The procedure to identify the failed engine is a two-step
process. First, adjust the power to the maximum controllable
level on both engines. Because the left engine is the only
engine delivering thrust, the yaw increases to the right, which
necessitates application of additional left rudder application.

Aeronautical Decision-Making

A. Analytical

Pilot Aircraft Enviroment | External factors

S e

—

Detection

\/

' Evaluation of event l

v

* Risk or hazard

« Potential outcomes
« Capabilities of pilot
« Aircraft capabilities
» Outside factors

]

' Outcome desired

Solutions to get you there
Solution 1
Solution 2
Solution 3
Solution 4

' What is best action to do

v

' Effect of decision

Problem remains

B. Automatic/Naturalistic

Pilot Aircraft Enviroment External factors
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Detection

!

' Evaluation of event l

l

« Risk to flight
« Pilot training
* Pilot experience
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' Outcome desired l
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The DECIDE model

1. Detect. The decision maker detects the fact that change has occurred.

2. Estimate. The decision maker estimates the need to counter or react to the change.

3. Choose. The decision maker chooses a desirable outcome (in terms of success) for the flight.
4 ldentify. The decision maker identifies actions which could successfully control the change.

5. Do. The decision maker takes the necessary action.

6. Evaluate. The decision maker evaluates the effect(s) of his/her action countering the change.

Figure 2-14. The DECIDE model has been recognized worldwide. Its application is illustrated in column A while automatic/naturalistic

decision-making is shown in column B.
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The failed engine is the side that requires no rudder pressure,
in this case the right engine. Second, having identified the
failed right engine, the procedure is to feather the right engine
and adjust power to maintain descent angle to a landing.

However, in this case the pilot feathered the left engine because
he assumed the engine failure was a left engine failure. During
twin-engine training, the left engine out is emphasized more
than the right engine because the left engine on most light
twins is the critical engine. This is due to multiengine airplanes
being subject to P-factor, as are single-engine airplanes.
The descending propeller blade of each engine will produce
greater thrust than the ascending blade when the airplane is
operated under power and at positive angles of attack. The
descending propeller blade of the right engine is also a greater
distance from the center of gravity, and therefore has a longer
moment arm than the descending propeller blade of the left
engine. As a result, failure of the left engine will result in the
most asymmetrical thrust (adverse yaw) because the right
engine will be providing the remaining thrust. Many twins are
designed with a counter-rotating right engine. With this design,
the degree of asymmetrical thrust is the same with either engine
inoperative. Neither engine is more critical than the other.

Since the pilot never executed the first step of identifying
which engine failed, he feathered the left engine and set the
right engine at zero thrust. This essentially restricted the
aircraft to a controlled glide. Upon realizing that he was
not going to make the runway, the pilot increased power to
both engines causing an enormous yaw to the left (the left
propeller was feathered) whereupon the aircraft started to turn
left. In desperation, the instructor closed both throttles and
the aircraft hit the ground and was substantially damaged.

This case is interesting because it highlights two particular
issues. First, taking action without forethought can be just
as dangerous as taking no action at all. In this case, the
pilot’s actions were incorrect; yet, there was sufficient
time to take the necessary steps to analyze the simulated
emergency. The second and more subtle issue is that decisions
made under pressure are sometimes executed based upon
limited experience and the actions taken may be incorrect,
incomplete, or insufficient to handle the situation.

Detect (the Problem)

Problem detection is the first step in the decision-making
process. It begins with recognizing a change occurred or an
expected change did not occur. A problem is perceived first
by the senses and then it is distinguished through insight
and experience. These same abilities, as well as an objective
analysis of all available information, are used to determine
the nature and severity of the problem. One critical error
made during the decision-making process is incorrectly

2-20

detecting the problem. In the previous example, the change
that occurred was a yaw.

Estimate (the Need To React)

In the engine-out example, the aircraft yawed right, the pilot
was on final approach, and the problem warranted a prompt
solution. In many cases, overreaction and fixation excludes
a safe outcome. For example, what if the cabin door of a
Mooney suddenly opened in flight while the aircraft climbed
through 1,500 feet on a clear sunny day? The sudden opening
would be alarming, but the perceived hazard the open door
presents is quickly and effectively assessed as minor. In
fact, the door’s opening would not impact safe flight and
can almost be disregarded. Most likely, a pilot would return
to the airport to secure the door after landing.

The pilot flying on a clear day faced with this minor problem
may rank the open cabin door as a low risk. What about
the pilot on an IFR climb out in IMC conditions with light
intermittent turbulence in rain who is receiving an amended
clearance from ATC? The open cabin door now becomes
a higher risk factor. The problem has not changed, but the
perception of risk a pilot assigns it changes because of the
multitude of ongoing tasks and the environment. Experience,
discipline, awareness, and knowledge influences how a pilot
ranks a problem.

Choose (a Course of Action)

After the problem has been identified and its impact
estimated, the pilot must determine the desirable outcome
and choose a course of action. In the case of the multiengine
pilot given the simulated failed engine, the desired objective
is to safely land the airplane.

Identify (Solutions)

The pilot formulates a plan that will take him or her to the
objective. Sometimes, there may be only one course of action
available. In the case of the engine failure already at 500
feet or below, the pilot solves the problem by identifying
one or more solutions that lead to a successful outcome. It is
important for the pilot not to become fixated on the process
to the exclusion of making a decision.

Do (the Necessary Actions)

Once pathways to resolution are identified, the pilot selects the
most suitable one for the situation. The multiengine pilot given
the simulated failed engine must now safely land the aircraft.

Evaluate (the Effect of the Action)

Finally, after implementing a solution, evaluate the decision
to see if it was correct. If the action taken does not provide
the desired results, the process may have to be repeated.



Decision-Making in a Dynamic Environment

A solid approach to decision-making is through the use of
analytical models, such as the 5 Ps, 3P, and DECIDE. Good
decisions result when pilots gather all available information,
review it, analyze the options, rate the options, select a course
of action, and evaluate that course of action for correctness.

In some situations, there is not always time to make decisions
based on analytical decision-making skills. A good example
is a quarterback whose actions are based upon a highly fluid
and changing situation. He intends to execute a plan, but new
circumstances dictate decision-making on the fly. This type
of decision-making is called automatic decision-making or
naturalized decision-making. [Figure 2-14B]

Automatic Decision-Making

In an emergency situation, a pilot might not survive if he or
she rigorously applies analytical models to every decision
made as there is not enough time to go through all the options.
Under these circumstances he or she should attempt to find
the best possible solution to every problem.

For the past several decades, research into how people
actually make decisions has revealed that when pressed for
time, experts faced with a task loaded with uncertainty first
assess whether the situation strikes them as familiar. Rather
than comparing the pros and cons of different approaches,
they quickly imagine how one or a few possible courses of
action in such situations will play out. Experts take the first
workable option they can find. While it may not be the best of
all possible choices, it often yields remarkably good results.

The terms “naturalistic” and “automatic decision-making”
have been coined to describe this type of decision-making.
The ability to make automatic decisions holds true for a
range of experts from firefighters to chess players. It appears
the expert’s ability hinges on the recognition of patterns and
consistencies that clarify options in complex situations. Experts
appear to make provisional sense of a situation, without
actually reaching a decision, by launching experience-based
actions that in turn trigger creative revisions.

This is a reflexive type of decision-making anchored in
training and experience and is most often used in times of
emergencies when there is no time to practice analytical
decision-making. Naturalistic or automatic decision-making
improves with training and experience, and a pilot will find
himself or herself using a combination of decision-making
tools that correlate with individual experience and training.

Operational Pitfalls

Although more experienced pilots are likely to make more
automatic decisions, there are tendencies or operational

pitfalls that come with the development of pilot experience.
These are classic behavioral traps into which pilots have
been known to fall. More experienced pilots, as a rule, try
to complete a flight as planned, please passengers, and meet
schedules. The desire to meet these goals can have an adverse
effect on safety and contribute to an unrealistic assessment
of piloting skills. All experienced pilots have fallen prey to,
or have been tempted by, one or more of these tendencies in
their flying careers. These dangerous tendencies or behavior
patterns, which must be identified and eliminated, include
the operational pitfalls shown in Figure 2-15.

Stress Management

Everyone is stressed to some degree almost all of the time. A
certain amount of stress is good since it keeps a person alert
and prevents complacency. Effects of stress are cumulative
and, if the pilot does not cope with them in an appropriate
way, they can eventually add up to an intolerable burden.
Performance generally increases with the onset of stress,
peaks, and then begins to fall off rapidly as stress levels
exceed a person’s ability to cope. The ability to make
effective decisions during flight can be impaired by stress.
There are two categories of stress—acute and chronic. These
are both explained in Chapter 17, “Aeromedical Factors.”

Factors referred to as stressors can increase a pilot’s risk of
error in the flight deck. [Figure 2-16] Remember the cabin
door that suddenly opened in flight on the Mooney climbing
through 1,500 feet on a clear sunny day? It may startle the
pilot, but the stress would wane when it became apparent
the situation was not a serious hazard. Yet, if the cabin door
opened in IMC conditions, the stress level makes significant
impact on the pilot’s ability to cope with simple tasks. The
key to stress management is to stop, think, and analyze before
jumping to a conclusion. There is usually time to think before
drawing unnecessary conclusions.

There are several techniques to help manage the accumulation
of life stresses and prevent stress overload. For example, to
help reduce stress levels, set aside time for relaxation each
day or maintain a program of physical fitness. To prevent
stress overload, learn to manage time more effectively to
avoid pressures imposed by getting behind schedule and not
meeting deadlines.

Use of Resources

To make informed decisions during flight operations, a pilot
must also become aware of the resources found inside and
outside the flight deck. Since useful tools and sources of
information may not always be readily apparent, learning
to recognize these resources is an essential part of ADM
training. Resources must not only be identified, but a pilot
must also develop the skills to evaluate whether there is
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Operational Pitfalls

Peer pressure
Poor decision-making may be based upon an emotional response to peers, rather than evaluating a situation objectively.

Mindset
A pilot displays mind set through an inability to recognize and cope with changes in a given situation.

Get-there-itis
This disposition impairs pilot judgment through a fixation on the original goal or destination, combined with a disregard for any
alternative course of action.

Duck-under syndrome

A pilot may be tempted to make it into an airport by descending below minimums during an approach. There may be a belief that
there is a built-in margin of error in every approach procedure, or a pilot may want to admit that the landing cannot be completed
and a missed approach must be initiated.

Scud running
This occurs when a pilot tries to maintain visual contact with the terrain at low altitudes while instrument conditions exist.

Continuing visual flight rules (VFR) into instrument conditions
Spatial disorientation or collision with ground/obstacles may occur when a pilot continues VFR into instrument conditions. This can
be even more dangerous if the pilot is not instrument rated or current.

Getting behind the aircraft
This pitfall can be caused by allowing events or the situation to control pilot actions. A constant state of surprise at what happens
next may be exhibited when the pilot is getting behind the aircraft.

Loss of positional or situational awareness
In extreme cases, when a pilot gets behind the aircraft, a loss of positional or situational awareness may result. The pilot may not
know the aircraft’'s geographical location or may be unable to recognize deteriorating circumstances.

Operating without adequate fuel reserves
Ignoring minimum fuel reserve requirements is generally the result of overconfidence, lack of flight planning, or disregarding
applicable regulations.

Descent below the minimum en route altitude
The duck-under syndrome, as mentioned above, can also occur during the en route portion of an IFR flight.

Flying outside the envelope
The assumed high performance capability of a particular aircraft may cause a mistaken belief that it can meet the demands
imposed by a pilot's overestimated flying skills.

Neglect of flight planning, preflight inspections, and checklists
A pilot may rely on short- and long-term memory, regular flying skills, and familiar routes instead of established procedures and
published checklists. This can be particularly true of experienced pilots.

Figure 2-15. Typical operational pitfalls requiring pilot awareness.

Environmental
Conditions associated with the environment, such as temperature and humidity extremes, noise, vibration, and lack of oxygen.

Physiological stress
Physical conditions, such as fatigue, lack of physical fitness, sleep loss, missed meals (leading to low blood sugar levels), and
illness.

Psychological stress
Social or emotional factors, such as a death in the family, a divorce, a sick child, or a demotion at work. This type of stress may
also be related to mental workload, such as analyzing a problem, navigating an aircraft, or making decisions.

Figure 2-16. System stressors. Environmental, physiological, and psychological stress are factors that affect decision-making skills.
These stressors have a profound impact especially during periods of high workload.
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time to use a particular resource and the impact its use will
have upon the safety of flight. For example, the assistance
of ATC may be very useful if a pilot becomes lost, but in
an emergency situation, there may be no time available to
contact ATC.

Internal Resources

One of the most underutilized resources may be the
person in the right seat, even if the passenger has no flying
experience. When appropriate, the PIC can ask passengers
to assist with certain tasks, such as watching for traffic or
reading checklist items. The following are some other ways
a passenger can assist:

e Provide information in an irregular situation,
especially if familiar with flying. A strange smell or
sound may alert a passenger to a potential problem.

e Confirm after the pilot that the landing gear is down.

e Learnto look at the altimeter for a given altitude in a
descent.

» Listen to logic or lack of logic.

Also, the process of a verbal briefing (which can happen
whether or not passengers are aboard) can help the PIC in
the decision-making process. For example, assume a pilot
provides a lone passenger a briefing of the forecast landing
weather before departure. When the Automatic Terminal
Information Service (ATIS) is picked up, the weather
has significantly changed. The discussion of this forecast
change can lead the pilot to reexamine his or her activities
and decision-making. [Figure 2-17] Other valuable internal
resources include ingenuity, aviation knowledge, and flying
skill. Pilots can increase flight deck resources by improving
these characteristics.

When flying alone, another internal resource is verbal
communication. It has been established that verbal
communication reinforces an activity; touching an object
while communicating further enhances the probability an
activity has been accomplished. For this reason, many solo
pilots read the checklist out loud; when they reach critical
items, they touch the switch or control. For example, to
ascertain the landing gear is down, the pilot can read the
checklist. But, if he or she touches the gear handle during the
process, a safe extension of the landing gear is confirmed.

Itis necessary for a pilot to have a thorough understanding
of all the equipment and systems in the aircraft being flown.
Lack of knowledge, such as knowing if the oil pressure
gauge is direct reading or uses a sensor, is the difference
between making a wise decision or poor one that leads to
a tragic error.

Figure 2-17. When possible, have a passenger reconfirm that critical
tasks are completed.

Checklists are essential flight deck internal resources. They
are used to verify the aircraft instruments and systems are
checked, set, and operating properly, as well as ensuring
the proper procedures are performed if there is a system
malfunction or in-flight emergency. Students reluctant to
use checklists can be reminded that pilots at all levels of
experience refer to checklists, and that the more advanced the
aircraft is, the more crucial checklists become. In addition, the
pilot’s operating handbook (POH) is required to be carried on
board the aircraft and is essential for accurate flight planning
and resolving in-flight equipment malfunctions. However,
the most valuable resource a pilot has is the ability to manage
workload whether alone or with others.

External Resources

ATC and flight service specialists are the best external
resources during flight. In order to promote the safe, orderly
flow of air traffic around airports and, along flight routes, the
ATC provides pilots with traffic advisories, radar vectors,
and assistance in emergency situations. Although it is the
PIC’s responsibility to make the flight as safe as possible,
a pilot with a problem can request assistance from ATC.
[Figure 2-18] For example, if a pilot needs to level off, be

Figure 2-18. Controllers work to make flights as safe as possible.
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given a vector, or decrease speed, ATC assists and becomes
integrated as part of the crew. The services provided by ATC
can not only decrease pilot workload, but also help pilots
make informed in-flight decisions.

The Flight Service Stations (FSSs) are air traffic facilities
that provide pilot briefing, en route communications, VFR
search and rescue services, assist lost aircraft and aircraft
in emergency situations, relay ATC clearances, originate
Notices to Airmen (NOTAM), broadcast aviation weather
and National Airspace System (NAS) information, receive
and process IFR flight plans, and monitor navigational aids
(NAVAIDs). In addition, at selected locations, FSSs provide
En Route Flight Advisory Service (Flight Watch), issue
airport advisories, and advise Customs and Immigration of
transborder flights. Selected FSSs in Alaska also provide
TWERB recordings and take weather observations.

Situational Awareness

Situational awareness is the accurate perception and
understanding of all the factors and conditions within
the five fundamental risk elements (flight, pilot, aircraft,
environment, and type of operation that comprise any given
aviation situation) that affect safety before, during, and after
the flight. Monitoring radio communications for traffic,
weather discussion, and ATC communication can enhance
situational awareness by helping the pilot develop a mental
picture of what is happening.

Maintaining situational awareness requires an understanding
of the relative significance of all flight related factors and their
future impact on the flight. When a pilot understands what is
going on and has an overview of the total operation, he or she
is not fixated on one perceived significant factor. Not only
is it important for a pilot to know the aircraft’s geographical
location, it is also important he or she understand what is
happening. For instance, while flying above Richmond,
Virginia, toward Dulles Airport or Leesburg, the pilot
should know why he or she is being vectored and be able to
anticipate spatial location. A pilot who is simply making turns
without understanding why has added an additional burden
to his or her management in the event of an emergency. To
maintain situational awareness, all of the skills involved in
ADM are used.

Obstacles to Maintaining Situational Awareness

Fatigue, stress, and work overload can cause a pilot to fixate
on a single perceived important item and reduce an overall
situational awareness of the flight. A contributing factor
in many accidents is a distraction that diverts the pilot’s
attention from monitoring the instruments or scanning
outside the aircraft. Many flight deck distractions begin as a
minor problem, such as a gauge that is not reading correctly,
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but result in accidents as the pilot diverts attention to the
perceived problem and neglects proper control of the aircraft.

Workload Management

Effective workload management ensures essential operations
are accomplished by planning, prioritizing, and sequencing
tasks to avoid work overload. [Figure 2-19] As experience
is gained, a pilot learns to recognize future workload
requirements and can prepare for high workload periods
during times of low workload. Reviewing the appropriate
chart and setting radio frequencies well in advance of when
they are needed helps reduce workload as the flight nears the
airport. In addition, a pilot should listen to ATIS, Automated
Surface Observing System (ASOS), or Automated Weather
Observing System (AWOS), if available, and then monitor
the tower frequency or Common Traffic Advisory Frequency
(CTAF) to get a good idea of what traffic conditions to
expect. Checklists should be performed well in advance so
there is time to focus on traffic and ATC instructions. These
procedures are especially important prior to entering a high-
density traffic area, such as Class B airspace.

Recognizing a work overload situation is also an important
component of managing workload. The first effect of
high workload is that the pilot may be working harder but
accomplishing less. As workload increases, attention cannot
be devoted to several tasks at one time, and the pilot may
begin to focus on one item. When a pilot becomes task
saturated, there is no awareness of input from various sources,
so decisions may be made on incomplete information and the
possibility of error increases. [Figure 2-20]

When a work overload situation exists, a pilot needs to stop,
think, slow down, and prioritize. It is important to understand
how to decrease workload. For example, in the case of the
cabin door that opened in VFR flight, the impact on workload
should be insignificant. If the cabin door opens under
IFR different conditions, its impact on workload changes.
Therefore, placing a situation in the proper perspective,

Figure 2-19. Balancing workloads can be a difficult task.



remaining calm, and thinking rationally are key elements in
reducing stress and increasing the capacity to fly safely. This
ability depends upon experience, discipline, and training.

Managing Risks
The ability to manage risks begins with preparation. Here
are some things a pilot can do to manage risks:

e Assess the flight’s risk based upon experience. Use
some form of risk assessment. For example, if the
weather is marginal and the pilot has little IMC
training, it is probably a good idea to cancel the flight.

o Brief passengers using the SAFETY list:

S Seat belts fastened for taxi, takeoff, landing
Shoulder harness fastened for takeoff, landing
Seat position adjusted and locked in place

A Air vents (location and operation)

All environmental controls (discussed)
Action in case of any passenger discomfort

F  Fire extinguisher (location and operation)
Exit doors (how to secure; how to open)
Emergency evacuation plan
Emergency/survival kit (location and contents)

T Traffic (scanning, spotting, notifying pilot)
Talking, (“sterile flight deck” expectations)

Y Your questions? (Speak up!)

e In addition to the SAFETY list, discuss with
passengers whether or not smoking is permitted, flight
route altitudes, time en route, destination, weather
during flight, expected weather at the destination,
controls and what they do, and the general capabilities
and limitations of the aircraft.

e Useasterile flight deck (one that is completely silent
with no pilot communication with passengers or by
passengers) from the time of departure to the first
intermediate altitude and clearance from the local
airspace.

e Use a sterile flight deck during arrival from the first
radar vector for approach or descent for the approach.

e Keep the passengers informed during times when the
workload is low.

e Consider using the passenger in the right seat for
simple tasks, such as holding the chart. This relieves
the pilot of a task.

Automation

In the GA community, an automated aircraft is generally
comprised of an integrated advanced avionics system
consisting of a primary flight display (PFD), a multifunction
flight display (MFD) including an instrument-certified global
positioning system (GPS) with traffic and terrain graphics,
and a fully integrated autopilot. This type of aircraft is
commonly known as a technically advanced aircraft (TAA).
Ina TAA aircraft, there are typically two display (computer)
screens: PFD (left display screen) and MFD.
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Figure 2-20. The pilot has a certain capacity of doing work and handling tasks. However, there is a point where the tasking exceeds the
pilot’s capability. When this happens, tasks are either not performed properly or some are not performed at all.
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Automation is the single most important advance in aviation
technologies. Electronic flight displays (EFDs) have made
vast improvements in how information is displayed and
what information is available to the pilot. Pilots can access
electronic databases that contain all of the information
traditionally contained in multiple handbooks, reducing
clutter in the flight deck. [Figure 2-21]

MFDs are capable of displaying moving maps that mirror
sectional charts. These detailed displays depict all airspace,
including Temporary Flight Restrictions (TFRs). MFDs are
so descriptive that many pilots fall into the trap of relying
solely on the moving maps for navigation. Pilots also draw
upon the database to familiarize themselves with departure
and destination airport information.

More pilots now rely on electronic databases for flight
planning and use automated flight planning tools rather
than planning the flight by the traditional methods of laying
out charts, drawing the course, identifying navigation
points (assuming a VFR flight), and using the POH to
figure out the weight and balance and performance charts.
Whichever method a pilot chooses to plan a flight, it is

Figure 2-21. Electronic flight instrumentation comes in many
systems and provides a myriad of information to the pilot.
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important to remember to check and confirm calculations.
Always remember that it is up to the pilot to maintain basic
airmanship skills and use those skills often to maintain
proficiency in all tasks.

Although automation has made flying safer, automated
systems can make some errors more evident and sometimes
hide other errors or make them less evident. There are
concerns about the effect of automation on pilots. In a study
published in 1995, the British Airline Pilots Association
officially voiced its concern that “Airline pilots increasingly
lack “basic flying skills’ as a result of reliance on automation.”

This reliance on automation translates into a lack of basic flying
skills that may affect the pilot’s ability to cope with an in-flight
emergency, such as sudden mechanical failure. The worry that
pilots are becoming too reliant on automated systems and are
not being encouraged or trained to fly manually has grown
with the increase in the number of MFD flight decks.

As automated flight decks began entering everyday line
operations, instructors and check airmen grew concerned
about some of the unanticipated side effects. Despite the
promise of reducing human mistakes, the flight managers
reported the automation actually created much larger errors
at times. In the terminal environment, the workload in an
automated flight deck actually seemed higher than in the older
analog flight decks. At other times, the automation seemed
to lull the flight crews into complacency. Over time, concern
surfaced that the manual flying skills of the automated flight
crews deteriorated due to over-reliance on computers. The
flight crew managers said they worried that pilots would
have less “stick-and-rudder” proficiency when those skills
were needed to manually resume direct control of the aircraft.

A major study was conducted to evaluate the performance
of two groups of pilots. The control group was composed of
pilots who flew an older version of a common twin-jet airliner
equipped with analog instrumentation and the experimental
group was composed of pilots who flew the same aircraft,
but newer models equipped with an electronic flight
instrument system (EFIS) and a flight management system
(FMS). The pilots were evaluated in maintaining aircraft
parameters, such as heading, altitude, airspeed, glideslope,
and localizer deviations, as well as pilot control inputs. These
were recorded during a variety of normal, abnormal, and
emergency maneuvers during 4 hours of simulator sessions.



Results of the Study

When pilots who had flown EFIS for several years were
required to fly various maneuvers manually, the aircraft
parameters and flight control inputs clearly showed some
erosion of flying skills. During normal maneuvers, such as
turns to headings without a flight director, the EFIS group
exhibited somewhat greater deviations than the analog group.
Most of the time, the deviations were within the practical test
standards (PTS), but the pilots definitely did not keep on the
localizer and glideslope as smoothly as the analog group.

The differences in hand-flying skills between the two groups
became more significant during abnormal maneuvers, such as
accelerated descent profiles known as “slam-dunks.” When
given close crossing restrictions, the analog crews were more
adept at the mental math and usually maneuvered the aircraft
in a smoother manner to make the restriction. On the other
hand, the EFIS crews tended to go “heads down” and tried
to solve the crossing restriction on the FMS. [Figure 2-22]

Another situation used in the simulator experiment reflected
real world changes in approach that are common and can
be assigned on short notice. Once again, the analog crews
transitioned more easily to the parallel runway’s localizer,
whereas the EFIS crews had a much more difficult time with
the pilot going head down for a significant amount of time
trying to program the new approach into the FMS.

While a pilot’s lack of familiarity with the EFIS is often
an issue, the approach would have been made easier by
disengaging the automated system and manually flying the
approach. At the time of this study, the general guidelines
in the industry were to let the automated system do as much
of the flying as possible. That view has since changed and
it is recommended that pilots use their best judgment when
choosing which level of automation will most efficiently do
the task considering the workload and situational awareness.

Emergency maneuvers clearly broadened the difference in
manual flying skills between the two groups. In general, the
analog pilots tended to fly raw data, so when they were given
an emergency, such as an engine failure, and were instructed
to fly the maneuver without a flight director, they performed
it expertly. By contrast, SOP for EFIS operations at the time
was to use the flight director. When EFIS crews had their flight
directors disabled, their eye scan again began a more erratic
searching pattern and their manual flying subsequently suffered.

Those who reviewed the data saw that the EFIS pilots who
better managed the automation also had better flying skills.
While the data did not reveal whether those skills preceded
or followed automation, it did indicate that automation
management needed to be improved. Recommended “best

practices” and procedures have remedied some of the earlier
problems with automation.

Pilots must maintain their flight skills and ability to maneuver
aircraft manually within the standards set forth in the PTS. It
is recommended that pilots of automated aircraft occasionally
disengage the automation and manually fly the aircraft to
maintain stick-and-rudder proficiency. It is imperative that
the pilots understand that the EFD adds to the overall quality
of the flight experience, but it can also lead to catastrophe if
not utilized properly. At no time is the moving map meant to
substitute for a VFR sectional or low altitude en route chart.

Equipment Use

Autopilot Systems

In a single-pilot environment, an autopilot system can greatly
reduce workload. [Figure 2-23] As a result, the pilot is free
to focus his or her attention on other flight deck duties. This
can improve situational awareness and reduce the possibility
of a CFIT accident. While the addition of an autopilot may
certainly be considered a risk control measure, the real
challenge comes in determining the impact of an inoperative
unit. If the autopilot is known to be inoperative prior to
departure, this may factor into the evaluation of other risks.

For example, the pilot may be planning for a VHF
omnidirectional range (VOR) approach down to minimums
on a dark night into an unfamiliar airport. In such a case, the
pilot may have been relying heavily on a functioning autopilot
capable of flying a coupled approach. This would free the
pilot to monitor aircraft performance. A malfunctioning
autopilot could be the single factor that takes this from a
medium to a serious risk. At this point, an alternative needs
to be considered. On the other hand, if the autopilot were to
fail at a critical (high workload) portion of this same flight,
the pilot must be prepared to take action. Instead of simply
being an inconvenience, this could quickly turn into an
emergency if not properly handled. The best way to ensure
a pilot is prepared for such an event is to carefully study the
issue prior to departure and determine well in advance how
an autopilot failure is to be handled.

Familiarity

As previously discussed, pilot familiarity with all equipment
is critical in optimizing both safety and efficiency. If a pilot is
unfamiliar with any aircraft systems, this will add to workload
and may contribute to a loss of situational awareness. This
level of proficiency is critical and should be looked upon as
arequirement, not unlike carrying an adequate supply of fuel.
As aresult, pilots should not look upon unfamiliarity with the
aircraft and its systems as a risk control measure, but instead as
a hazard with high risk potential. Discipline is key to success.
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Figure 2-22. Two similar flight decks equipped with the same information two different ways, analog and digital. What are they indicating?

Chances are that the analog pilot will review the top display before the bottom display. Conversely, the digitally trained pilot will review
the instrument panel on the bottom first.

2-28



Figure 2-23. An example of an autopilot system.

Respect for Onboard Systems

Automation can assist the pilot in many ways, but a
thorough understanding of the system(s) in use is essential
to gaining the benefits it can offer. Understanding leads
to respect, which is achieved through discipline and the
mastery of the onboard systems. It is important to fly the
aircraft using minimal information from the primary flight
display (PFD). This includes turns, climbs, descents, and
being able to fly approaches.

Reinforcement of Onboard Suites

The use of an EFD may not seem intuitive, but competency
becomes better with understanding and practice. Computer-
based software and incremental training help the pilot become
comfortable with the onboard suites. Then the pilot needs
to practice what was learned in order to gain experience.
Reinforcement not only yields dividends in the use of
automation, it also reduces workload significantly.

Getting Beyond Rote Workmanship

The key to working effectively with automation is getting
beyond the sequential process of executing an action. If a
pilot has to analyze what key to push next, or always uses
the same sequence of keystrokes when others are available,
he or she may be trapped in a rote process. This mechanical
process indicates a shallow understanding of the system.
Again, the desire is to become competent and know what to
do without having to think about, “what keystroke is next.”
Operating the system with competency and comprehension
benefits a pilot when situations become more diverse and
tasks increase.

Understand the Platform

Contrary to popular belief, flight in aircraft equipped with
different electronic management suites requires the same
attention as aircraft equipped with analog instrumentation
and a conventional suite of avionics. The pilot should review
and understand the different ways in which EFD are used in
a particular aircraft. [Figure 2-24]

The following are two simple rules for use of an EFD:

» Beable to fly the aircraft to the standards in the PTS.
Although this may seem insignificant, knowing how to
fly the aircraft to a standard makes a pilot’s airmanship
smoother and allows him or her more time to attend
to the system instead of managing multiple tasks.

* Read and understand the installed electronic flight
systems manuals to include the use of the autopilot
and the other onboard electronic management tools.

Managing Aircraft Automation

Before any pilot can master aircraft automation, he or she
must first know how to fly the aircraft. Maneuvers training
remains an important component of flight training because
almost 40 percent of all GA accidents take place in the

Figure 2-24. Examples of different platforms. Top to bottom are the
Beechcraft Baron G58, Cirrus SR22, and Cirrus Entega.
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landing phase, one realm of flight that still does not involve
programming a computer to execute. Another 15 percent
of all GA accidents occurs during takeoff and initial climb.

An advanced avionics safety issue identified by the FAA
concerns pilots who apparently develop an unwarranted
over-reliance in their avionics and the aircraft, believing
that the equipment will compensate for pilot shortcomings.
Related to the over-reliance is the role of ADM, which is
probably the most significant factor in the GA accident record
of high performance aircraft used for cross-country flight.
The FAA advanced avionics aircraft safety study found that
poor decision-making seems to afflict new advanced avionics
pilots at a rate higher than that of GA as a whole. The review
of advanced avionics accidents cited in this study shows the
majority are not caused by something directly related to the
aircraft, but by the pilot’s lack of experience and a chain of
poor decisions. One consistent theme in many of the fatal
accidents is continued VFR flight into IMC.

Thus, pilot skills for normal and emergency operations hinge
not only on mechanical manipulation of the stick and rudder,
but also include the mental mastery of the EFD. Three key
flight management skills are needed to fly the advanced
avionics safely: information, automation, and risk.

Information Management

For the newly transitioning pilot, the PFD, MFD, and GPS/
VHF navigator screens seem to offer too much information
presented in colorful menus and submenus. In fact, the pilot
may be drowning in information but unable to find a specific
piece of information. It might be helpful to remember these
systems are similar to computers that store some folders on
a desktop and some within a hierarchy.

The first critical information management skill for flying with
advanced avionics is to understand the system at a conceptual
level. Remembering how the system is organized helps the
pilot manage the available information. It is important to
understanding that learning knob-and-dial procedures is not
enough. Learning more about how advanced avionics systems
work leads to better memory for procedures and allows pilots
to solve problems they have not seen before.

There are also limits to understanding. It is generally impossible
to understand all of the behaviors of a complex avionics
system. Knowing to expect surprises and to continually learn
new things is more effective than attempting to memorize
mechanical manipulation of the knobs. Simulation software
and books on the specific system used are of great value.

The second critical information management skill is stop,
look, and read. Pilots new to advanced avionics often become
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fixated on the knobs and try to memorize each and every
sequence of button pushes, pulls, and turns. A far better
strategy for accessing and managing the information available
in advanced avionics computers is to stop, look, and read.
Reading before pushing, pulling, or twisting can often save
a pilot some trouble.

Once behind the display screens on an advanced avionics
aircraft, the pilot’s goal is to meter, manage, and prioritize
the information flow to accomplish specific tasks.
Certificated flight instructors (CFls), as well as pilots
transitioning to advanced avionics, will find it helpful to
corral the information flow. This is possible through such
tactics as configuring the aspects of the PFD and MFD
screens according to personal preferences. For example,
most systems offer map orientation options that include
“north up,” “track up,” “DTK” (desired track up), and
“heading up.” Another tactic is to decide, when possible,
how much (or how little) information to display. Pilots can
also tailor the information displayed to suit the needs of a
specific flight.

Information flow can also be managed for a specific
operation. The pilot has the ability to prioritize information
for atimely display of exactly the information needed for any
given flight operation. Examples of managing information
display for a specific operation include:

* Program map scale settings for en route versus
terminal area operation.

o Utilize the terrain awareness page on the MFD for a
night or IMC flight in or near the mountains.

*  Use the nearest airports inset on the PFD at night or
over inhospitable terrain.

»  Program the weather datalink set to show echoes and
METAR status flags.

Enhanced Situational Awareness

An advanced avionics aircraft offers increased safety with
enhanced situational awareness. Although aircraft flight
manuals (AFM) explicitly prohibit using the moving map,
topography, terrain awareness, traffic, and weather datalink
displays as the primary data source, these tools nonetheless
give the pilot unprecedented information for enhanced
situational awareness. Without a well-planned information
management strategy, these tools also make it easy for an
unwary pilot to slide into the complacent role of passenger
in command.

Consider the pilot whose navigational information
management strategy consists solely of following the
magenta line on the moving map. He or she can easily fly
into geographic or regulatory disaster, if the straight-line GPS



course goes through high terrain or prohibited airspace, or if
the moving map display fails.

A good strategy for maintaining situational awareness
information management should include practices that help
ensure that awareness is enhanced, not diminished, by the use
of automation. Two basic procedures are to always double-
check the system and verbal callouts. At a minimum, ensure
the presentation makes sense. Was the correct destination fed
into the navigation system? Callouts—even for single-pilot
operations—are an excellent way to maintain situational
awareness, as well as manage information.

Other ways to maintain situational awareness include:

»  Perform verification check of all programming. Before
departure, check all information programmed while
on the ground.

e Check the flight routing. Before departure, ensure all
routing matches the planned flight route. Enter the
planned route and legs, to include headings and leg
length, on a paper log. Use this log to evaluate what
has been programmed. If the two do not match, do not
assume the computer data is correct, double check the
computer entry.

*  Verify waypoints.

e Make use of all onboard navigation equipment. For
example, use VOR to back up GPS and vice versa.

e Match the use of the automated system with pilot
proficiency. Stay within personal limitations.

* Plan a realistic flight route to maintain situational
awareness. For example, although the onboard
equipment allows a direct flight from Denver,
Colorado, to Destin, Florida, the likelihood of
rerouting around Eglin Air Force Base’s airspace is
high.

e Beready to verify computer data entries. For example,
incorrect keystrokes could lead to loss of situational
awareness because the pilot may not recognize errors
made during a high workload period.

Automation Management

Advanced avionics offer multiple levels of automation, from
strictly manual flight to highly automated flight. No one level
of automation is appropriate for all flight situations, but in
order to avoid potentially dangerous distractions when flying
with advanced avionics, the pilot must know how to manage
the course deviation indicator (CDI), the navigation source,
and the autopilot. It is important for a pilot to know the
peculiarities of the particular automated system being used.
This ensures the pilot knows what to expect, how to monitor

for proper operation, and promptly take appropriate action if
the system does not perform as expected.

For example, at the most basic level, managing the autopilot
means knowing at all times which modes are engaged
and which modes are armed to engage. The pilot needs to
verify that armed functions (e.g., navigation tracking or
altitude capture) engage at the appropriate time. Automation
management is another good place to practice the callout
technique, especially after arming the system to make a
change in course or altitude.

In advanced avionics aircraft, proper automation management
also requires a thorough understanding of how the autopilot
interacts with the other systems. For example, with some
autopilots, changing the navigation source on the e-HSI from
GPS to LOC or VOR while the autopilot is engaged in NAV
(course tracking mode) causes the autopilot’s NAV mode to
disengage. The autopilot’s lateral control will default to ROL
(wing level) until the pilot takes action to reengage the NAV
mode to track the desired navigation source.

Risk Management

Risk management is the last of the three flight management
skills needed for mastery of the glass flight deck aircraft. The
enhanced situational awareness and automation capabilities
offered by a glass flight deck airplane vastly expand its safety
and utility, especially for personal transportation use. At the
same time, there is some risk that lighter workloads could
lead to complacency.

Humans are characteristically poor monitors of automated
systems. When asked to passively monitor an automated
system for faults, abnormalities, or other infrequent events,
humans perform poorly. The more reliable the system, the
poorer the human performance. For example, the pilot only
monitors a backup alert system, rather than the situation
that the alert system is designed to safeguard. It is a paradox
of automation that technically advanced avionics can both
increase and decrease pilot awareness.

It is important to remember that EFDs do not replace basic
flight knowledge and skills. They are a tool for improving
flight safety. Risk increases when the pilot believes the gadgets
compensate for lack of skill and knowledge. It is especially
important to recognize there are limits to what the electronic
systems in any light GA aircraft can do. Being PIC requires
sound ADM, which sometimes means saying “no” to a flight.

Risk is also increased when the pilot fails to monitor the

systems. By failing to monitor the systems and failing to
check the results of the processes, the pilot becomes detached
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from the aircraft operation and slides into the complacent role
of passenger in command. Complacency led to tragedy in a
1999 aircraft accident.

In Colombia, a multi-engine aircraft crewed with two pilots
struck the face of the Andes Mountains. Examination of
their FMS revealed they entered a waypoint into the FMS
incorrectly by one degree resulting in a flight path taking
them to a point 60 NM off their intended course. The pilots
were equipped with the proper charts, their route was posted
on the charts, and they had a paper navigation log indicating
the direction of each leg. They had all the tools to manage
and monitor their flight, but instead allowed the automation
to fly and manage itself. The system did exactly what it was
programmed to do; it flew on a programmed course into a
mountain resulting in multiple deaths. The pilots simply failed
to manage the system and inherently created their own hazard.
Although this hazard was self-induced, what is notable is the
risk the pilots created through their own inattention. By failing
to evaluate each turn made at the direction of automation, the
pilots maximized risk instead of minimizing it. In this case, a
totally avoidable accident become a tragedy through simple
pilot error and complacency.

For the GA pilot transitioning to automated systems, it is
helpful to note that all human activity involving technical
devices entails some element of risk. Knowledge, experience,
and mission requirements tilt the odds in favor of safe and
successful flights. The advanced avionics aircraft offers
many new capabilities and simplifies the basic flying tasks,
but only if the pilot is properly trained and all the equipment
is working as advertised.

Chapter Summary

This chapter focused on helping the pilot improve his or
her ADM skills with the goal of mitigating the risk factors
associated with flight in both classic and automated aircraft.
In the end, the discussion is not so much about aircraft, but
about the people who fly them.
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Introduction

An aircraft is a device that is used, or intended to be used, for
flight according to the current Title 14 of the Code of Federal
Regulations (14 CFR) part 1, Definitions and Abbreviations.
Categories of aircraft for certification of airmen include
airplane, rotorcraft, glider, lighter-than-air, powered-lift,
powered parachute, and weight-shift control aircraft. Title
14 CFR part 1 also defines airplane as an engine-driven,
fixed-wing aircraft that is supported in flight by the dynamic
reaction of air against its wings. Another term, not yet
codified in 14 CFR part 1, is advanced avionics aircraft,
which refers to an aircraft that contains a global positioning
system (GPS) navigation system with a moving map display,
in conjunction with another system, such as an autopilot.
This chapter provides a brief introduction to the structure
of aircraft and uses an airplane for most illustrations. Light
Sport Aircraft (LSA), such as weight-shift control aircraft,
balloon, glider, powered parachute, and gyroplane, have their
own handbooks to include detailed information regarding
aerodynamics and control.
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Aircraft Design, Certification, and
Airworthiness

The FAA certifies three types of aviation products: aircraft,
aircraft engines, and propellers. Each of these products
has been designed to a set of airworthiness standards.
These standards are parts of Title 14 of the Code of
Federal Regulations (14 CFR), published by the FAA. The
airworthiness standards were developed to help ensure that
aviation products are designed with no unsafe features.
Different airworthiness standards apply to the different
categories of aviation products as follows:

< Normal, Utility, Acrobatic, and Commuter Category
Airplanes- 14 CFR part 23

e Transport Category Airplanes—14 CFR part 25
*  Normal Category—14 CFR part 27

e Transport Category Rotorcraft—14 CFR part 29
e Manned Free Balloons—14 CFR part 31

e Aircraft Engines—14 CFR part 33

e Propellers—14 CFR part 35

Some aircraft are considered “special classes” of aircraft and
do not have their own airworthiness standards, such as gliders
and powered lift. The airworthiness standards used for these
aircraft are a combination of requirements in 14 CFR parts
23, 25, 27, and 29 that the FAA and the designer have agreed
are appropriate for the proposed aircraft.

The FAA issues a Type Certificate (TC) for the product
when they are satisfied it complies with the applicable
airworthiness standards. When the TC is issued, a Type
Certificate Data Sheet (TCDS) is generated that specifies
the important design and operational characteristics of the
aircraft, aircraft engine, or propeller. The TCDS defines the
product and are available to the public from the FAA website
at www.faa.gov.

A Note About Light Sport Aircraft

Light sport aircraft are not designed according to FAA
airworthiness standards. Instead, they are designed to a
consensus of standards agreed upon in the aviation industry.
The FAA has agreed the consensus of standards is acceptable
as the design criteria for these aircraft. Light sport aircraft do
not necessarily have individually type certificated engines
and propellers. Instead, a TC is issued to the aircraft as a
whole. It includes the airframe, engine, and propeller.

Aircraft, aircraft engines, and propellers can be manufactured
one at a time from the design drawings, or through an FAA
approved manufacturing process, depending on the size and
capabilities of the manufacturer. During the manufacturing
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process, each part is inspected to ensure that it has been built
exactly according to the approved design. This inspection is
called a conformity inspection.

When the aircraft is complete, with the airframe, engine, and
propeller, itis inspected and the FAA issues an airworthiness
certificate for the aircraft. Having an airworthiness
certificate means the complete aircraft meets the design and
manufacturing standards, and is in a condition for safe flight.
This airworthiness certificate must be carried in the aircraft
during all flight operations. The airworthiness certificate
remains valid as long as the required maintenance and
inspections are kept up to date for the aircraft.

Airworthiness certificates are classified as either “Standard”
or “Special.” Standard airworthiness certificates are white,
and are issued for normal, utility, acrobatic, commuter, or
transport category aircraft. They are also issued for manned
free balloons and aircraft designated as “Special Class.”

Special airworthiness certificates are pink, and are issued
for primary, restricted, and limited category aircraft, and
light sport aircraft. They are also issued as provisional
airworthiness certificates, special flight permits (ferry
permits), and for experimental aircraft.

More information on airworthiness certificates can be found
in Chapter 9, in 14 CFR parts 175-225, and also on the FAA
website at www.faa.gov.

Lift and Basic Aerodynamics

In order to understand the operation of the major components
and subcomponents of an aircraft, it is important to
understand basic aerodynamic concepts. This chapter briefly
introduces aerodynamics; a more detailed explanation can be
found in Chapter 5, Aerodynamics of Flight.

Four forces act upon an aircraft in relation to straight-and-
level, unaccelerated flight. These forces are thrust, lift,
weight, and drag. [Figure 3-1]

Thrust is the forward force produced by the powerplant/
propeller. It opposes or overcomes the force of drag. As a
general rule, it is said to act parallel to the longitudinal axis.
This is not always the case as explained later.

Drag is a rearward, retarding force and is caused by disruption
of airflow by the wing, fuselage, and other protruding objects.
Drag opposes thrust and acts rearward parallel to the relative
wind.



Figure 3-1. The four forces.

Weight is the combined load of the aircraft itself, the crew,
the fuel, and the cargo or baggage. Weight pulls the aircraft
downward because of the force of gravity. It opposes lift
and acts vertically downward through the aircraft’s center
of gravity (CG).

Lift opposes the downward force of weight, is produced by
the dynamic effect of the air acting on the wing, and acts
perpendicular to the flight path through the wing’s center
of lift (CL).

An aircraft moves in three dimensions and is controlled by
moving it about one or more of its axes. The longitudinal,
or roll, axis extends through the aircraft from nose to tail,
with the line passing through the CG. The lateral or pitch
axis extends across the aircraft on a line through the wing
tips, again passing through the CG. The vertical, or yaw, axis
passes through the aircraft vertically, intersecting the CG. All
control movements cause the aircraft to move around one or
more of these axes and allows for the control of the aircraft
in flight. [Figure 3-2]

One of the most significant components of aircraft design is
CG. It is the specific point where the mass or weight of an
aircraft may be said to center; that is, a point around which,
if the aircraft could be suspended or balanced, the aircraft
would remain relatively level. The position of the CG of
an aircraft determines the stability of the aircraft in flight.
As the CG moves rearward (towards the tail), the aircraft
becomes more and more dynamically unstable. In aircraft
with fuel tanks situated in front of the CG, it is important
that the CG is set with the fuel tank empty. Otherwise, as the
fuel is used, the aircraft becomes unstable. [Figure 3-3] The
CG is computed during initial design and construction and
is further affected by the installation of onboard equipment,
aircraft loading, and other factors.

Major Components

Although airplanes are designed for a variety of purposes, most
of them have the same major components. [Figure 3-4] The
overall characteristics are largely determined by the original
design objectives. Most airplane structures include a fuselage,
wings, an empennage, landing gear, and a powerplant.

Fuselage

The fuselage is the central body of an airplane and is designed
to accommodate the crew, passengers, and cargo. It also
provides the structural connection for the wings and tail
assembly. Older types of aircraft design utilized an open truss
structure constructed of wood, steel, or aluminum tubing.
[Figure 3-5] The most popular types of fuselage structures
used in today’s aircraft are the monocoque (French for
“single shell”) and semimonocoque. These structure types
are discussed in more detail under aircraft construction later
in the chapter.

Wings
The wings are airfoils attached to each side of the fuselage
and are the main lifting surfaces that support the airplane in
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Figure 3-2. lllustrates the pitch, roll, and yaw motion of the aircraft along the lateral, longitudinal, and vertical axes, respectively.
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Figure 3-3. Center of gravity (CG).

| Wing | | Empennage |

Landing gear

Figure 3-4. Airplane components.
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Figure 3-5. Truss-type fuselage structure.

flight. There are numerous wing designs, sizes, and shapes
used by the various manufacturers. Each fulfills a certain need
with respect to the expected performance for the particular
airplane. How the wing produces lift is explained in Chapter
5, Aerodynamics of Flight.

Wings may be attached at the top, middle, or lower portion
of the fuselage. These designs are referred to as high-, mid-,
and low-wing, respectively. The number of wings can also
vary. Airplanes with a single set of wings are referred to as
monoplanes, while those with two sets are called biplanes.
[Figure 3-6]

Many high-wing airplanes have external braces, or wing
struts that transmit the flight and landing loads through the
struts to the main fuselage structure. Since the wing struts
are usually attached approximately halfway out on the wing,
this type of wing structure is called semi-cantilever. A few
high-wing and most low-wing airplanes have a full cantilever
wing designed to carry the loads without external struts.

The principal structural parts of the wing are spars, ribs,
and stringers. [Figure 3-7] These are reinforced by trusses,
I-beams, tubing, or other devices, including the skin. The
wing ribs determine the shape and thickness of the wing
(airfoil). In most modern airplanes, the fuel tanks are either
an integral part of the wing’s structure or consist of flexible
containers mounted inside of the wing.
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Figure 3-6. Monoplane (left) and biplane (right).

Attached to the rear, or trailing edges, of the wings are two
types of control surfaces referred to as ailerons and flaps.
Ailerons extend from about the midpoint of each wing
outward toward the tip, and move in opposite directions to
create aerodynamic forces that cause the airplane to roll.
Flaps extend outward from the fuselage to near the midpoint
of each wing. The flaps are normally flush with the wing’s
surface during cruising flight. When extended, the flaps move
simultaneously downward to increase the lifting force of the
wing for takeoffs and landings. [Figure 3-8]

Alternate Types of Wings
Alternate types of wings are often found on aircraft. The
shape and design of a wing is dependent upon the type of

operation for which an aircraft is intended and is tailored
to specific types of flying. These design variations are
discussed in Chapter 5, Aerodynamics of Flight, which
provides information on the effect controls have on lifting
surfaces from traditional wings to wings that use both flexing
(due to billowing) and shifting (through the change of the
aircraft’s CG). For example, the wing of the weight-shift
control aircraft is highly swept in an effort to reduce drag
and allow for the shifting of weight to provide controlled
flight. [Figure 3-9] Handbooks specific to most categories
of aircraft are available for the interested pilot and can be
found on the Federal Aviation Administration (FAA) website
at www.faa.gov.

Fuel tank

Skin

Wing flap

Stringers (gr

Aileron

Wing tip

Figure 3-7. Wing components.
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Figure 3-8. Types of flaps.

Empennage

The empennage includes the entire tail group and consists
of fixed surfaces, such as the vertical stabilizer and the
horizontal stabilizer. The movable surfaces include the
rudder, the elevator, and one or more trim tabs. [Figure 3-10]

The rudder is attached to the back of the vertical stabilizer.
During flight, it is used to move the airplane’s nose left
and right. The elevator, which is attached to the back of the
horizontal stabilizer, is used to move the nose of the airplane
up and down during flight. Trim tabs are small, movable
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Figure 3-9. Weight-shift control aircraft use the shifting of weight
for control.

portions of the trailing edge of the control surface. These
movable trim tabs, which are controlled from the flight deck,
reduce control pressures. Trim tabs may be installed on the
ailerons, the rudder, and/or the elevator.

A second type of empennage design does not require an
elevator. Instead, it incorporates a one-piece horizontal
stabilizer that pivots from a central hinge point. This type of
design is called a stabilator and is moved using the control
wheel, just as the elevator is moved. For example, when a
pilot pulls back on the control wheel, the stabilator pivots so
the trailing edge moves up. This increases the aerodynamic
tail load and causes the nose of the airplane to move up.
Stabilators have an antiservo tab extending across their
trailing edge. [Figure 3-11]

The antiservo tab moves in the same direction as the trailing
edge of the stabilator and helps make the stabilator less
sensitive. The antiservo tab also functions as a trim tab to
relieve control pressures and helps maintain the stabilator in
the desired position.

Vertical stabilizer

Horizontal stabilizer

Rudder

Trim tabs

Elevator

Figure 3-10. Empennage components.
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Figure 3-11. Stabilator components.

Landing Gear

The landing gear is the principal support of the airplane when
parked, taxiing, taking off, or landing. The most common type
of landing gear consists of wheels, but airplanes can also be
equipped with floats for water operations or skis for landing
on snow. [Figure 3-12]

Wheeled landing gear consists of three wheels—two main
wheels and a third wheel positioned either at the front or rear
of the airplane. Landing gear with a rear mounted wheel is
called conventional landing gear.

Airplanes with conventional landing gear are sometimes
referred to as tailwheel airplanes. When the third wheel is
located on the nose, it is called a nosewheel, and the design
is referred to as a tricycle gear. A steerable nosewheel or
tailwheel permits the airplane to be controlled throughout all
operations while on the ground. Most aircraft are steered by
moving the rudder pedals, whether nosewheel or tailwheel.
Additionally, some aircraft are steered by differential braking.

The Powerplant

The powerplant usually includes both the engine and the
propeller. The primary function of the engine is to provide
the power to turn the propeller. It also generates electrical
power, provides a vacuum source for some flight instruments,
and in most single-engine airplanes, provides a source of
heat for the pilot and passengers. [Figure 3-13] The engine
is covered by a cowling, or a nacelle, which are both types
of covered housing. The purpose of the cowling or nacelle
is to streamline the flow of air around the engine and to help
cool the engine by ducting air around the cylinders.

The propeller, mounted on the front of the engine, translates
the rotating force of the engine into thrust, a forward acting
force that helps move the airplane through the air. A propeller

Figure 3-12. Types of landing gear: floats (top), skis (middle), and
wheels (bottom).

is a rotating airfoil that produces thrust through aerodynamic
action. A high-pressure area is formed at the back of the
propeller’s airfoil, and low pressure is produced at the face of
the propeller, similar to the way lift is generated by an airfoil
used as a lifting surface or wing. This pressure differential
develops thrust from the propeller, which in turn pulls the
airplane forward. Engines may be turned around to be pushers
with the propeller at the rear.

There are two significant factors involved in the design
of a propeller that impact its effectiveness. The angle of a
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Figure 3-13. Engine compartment.

propeller blade, as measured against the hub of the propeller,
keeps the angle of attack (AOA) (See definition in Glossary)
relatively constant along the span of the propeller blade,
reducing or eliminating the possibility of a stall. The amount
of lift being produced by the propeller is directly related to
the AOA, which is the angle at which the relative wind meets
the blade. The AOA continuously changes during the flight
depending upon the direction of the aircraft.

The pitch is defined as the distance a propeller would travel in
one revolution if it were turning in a solid. These two factors
combine to allow a measurement of the propeller’s efficiency.
Propellers are usually matched to a specific aircraft/
powerplant combination to achieve the best efficiency at a
particular power setting, and they pull or push depending on
how the engine is mounted.

Subcomponents

The subcomponents of an airplane include the airframe,
electrical system, flight controls, and brakes.

The airframe is the basic structure of an aircraft and is
designed to withstand all aerodynamic forces, as well as the
stresses imposed by the weight of the fuel, crew, and payload.

The primary function of an aircraft electrical system is to
generate, regulate, and distribute electrical power throughout
the aircraft. There are several different power sources on
aircraft to power the aircraft electrical systems. These
power sources include: engine-driven alternating current
(AC) generators, auxiliary power units (APUS), and external
power. The aircraft’s electrical power system is used to
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operate the flight instruments, essential systems, such as
anti-icing, and passenger services, such as cabin lighting.

The flight controls are the devices and systems that govern
the attitude of an aircraft and, as a result, the flight path
followed by the aircraft. In the case of many conventional
airplanes, the primary flight controls utilize hinged, trailing-
edge surfaces called elevators for pitch, ailerons for roll, and
the rudder for yaw. These surfaces are operated by the pilot
in the flight deck or by an automatic pilot.

In the case of most modern airplanes, airplane brakes consist
of multiple pads (called caliper pads) that are hydraulically
squeezed toward each other with a rotating disk (called a
rotor) between them. The pads place pressure on the rotor
which is turning with the wheels. As a result of the increased
friction on the rotor, the wheels inherently slow down and
stop turning. The disks and brake pads are made either from
steel, like those in a car, or from a carbon material that weighs
less and can absorb more energy. Because airplane brakes are
used principally during landings and must absorb enormous
amounts of energy, their life is measured in landings rather
than miles.

Types of Aircraft Construction

The construction of aircraft fuselages evolved from the early
wood truss structural arrangements to monocoque shell
structures to the current semimonocoque shell structures.

Truss Structure

The main drawback of truss structure is its lack of a
streamlined shape. In this construction method, lengths of
tubing, called longerons, are welded in place to form a well-
braced framework. Vertical and horizontal struts are welded
to the longerons and give the structure a square or rectangular
shape when viewed from the end. Additional struts are needed
to resist stress that can come from any direction. Stringers
and bulkheads, or formers, are added to shape the fuselage
and support the covering.

As technology progressed, aircraft designers began to enclose
the truss members to streamline the airplane and improve
performance. This was originally accomplished with cloth
fabric, which eventually gave way to lightweight metals such
as aluminum. In some cases, the outside skin can support all
or a major portion of the flight loads. Most modern aircraft
use a form of this stressed skin structure known as monocoque
or semimonocoque construction. [Figure 3-14]

Monocoque

Monocoque construction uses stressed skin to support almost
all loads much like an aluminum beverage can. Although
very strong, monocoque construction is not highly tolerant
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Figure 3-14. Semimonocoque and monocoque fuselage design.

to deformation of the surface. For example, an aluminum
beverage can supports considerable forces at the ends of
the can, but if the side of the can is deformed slightly while
supporting a load, it collapses easily.

Because most twisting and bending stresses are carried by
the external skin rather than by an open framework, the need
for internal bracing was eliminated or reduced, saving weight
and maximizing space. One of the notable and innovative
methods for using monocoque construction was employed by
Jack Northrop. In 1918, he devised a new way to construct
a monocoque fuselage used for the Lockheed S-1 Racer.
The technique utilized two molded plywood half-shells that
were glued together around wooden hoops or stringers. To
construct the half shells, rather than gluing many strips of
plywood over a form, three large sets of spruce strips were
soaked with glue and laid in a semi-circular concrete mold
that looked like a bathtub. Then, under a tightly clamped
lid, a rubber balloon was inflated in the cavity to press
the plywood against the mold. Twenty-four hours later,
the smooth half-shell was ready to be joined to another to
create the fuselage. The two halves were each less than a
quarter inch thick. Although employed in the early aviation
period, monocoque construction would not reemerge for
several decades due to the complexities involved. Every
day examples of monocoque construction can be found in

automobile manufacturing where the unibody is considered
standard in manufacturing.

Semimonocoque

Semimonocoque construction, partial or one-half, uses a
substructure to which the airplane’s skin is attached. The
substructure, which consists of bulkheads and/or formers
of various sizes and stringers, reinforces the stressed skin
by taking some of the bending stress from the fuselage. The
main section of the fuselage also includes wing attachment
points and a firewall. On single-engine airplanes, the engine
is usually attached to the front of the fuselage. There is a
fireproof partition between the rear of the engine and the
flight deck or cabin to protect the pilot and passengers from
accidental engine fires. This partition is called a firewall and
is usually made of heat-resistant material such as stainless
steel. However, a new emerging process of construction is
the integration of composites or aircraft made entirely of
composites.

Composite Construction
History

The use of composites in aircraft construction can be dated
to World War Il aircraft when soft fiberglass insulation was
used in B-29 fuselages. By the late 1950s, European high
performance sailplane manufacturers were using fiberglass
as primary structures. In 1965, the FAA type certified the
first all-fiberglass aircraft in the normal category, a Swiss
sailplane called a Diamant HBV. Four years later, the FAA
certified a four-seat, single-engine Windecker Eagle in the
normal category. By 2005, over 35 percent of new aircraft
were constructed of composite materials.

Composite is a broad term and can mean materials such as
fiberglass, carbon fiber cloth, Kevlar™ cloth, and mixtures
of all of the above. Composite construction offers two
advantages: extremely smooth skins and the ability to easily
form complex curved or streamlined structures. [Figure 3-15]

Composite Materials in Aircraft

Composite materials are fiber-reinforced matrix systems.
The matrix is the “glue” used to hold the fibers together
and, when cured, gives the part its shape, but the fibers carry
most of the load. There are many different types of fibers
and matrix systems.

In aircraft, the most common matrix is epoxy resin, which is
a type of thermosetting plastic. Compared to other choices
such as polyester resin, epoxy is stronger and has good high-
temperature properties. There are many different types of
epoxies available with a wide range of structural properties,
cure times and temperatures, and costs.
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Figure 3-15. Composite aircraft.

The most common reinforcing fibers used in aircraft
construction are fiberglass and carbon fiber. Fiberglass
has good tensile and compressive strength, good impact
resistance, is easy to work with, and is relatively inexpensive
and readily available. Its main disadvantage is that it is
somewhat heavy, and it is difficult to make a fiberglass load-
carrying structure lighter than a well designed equivalent
aluminum structure.

Carbon fiber is generally stronger in tensile and compressive
strength than fiberglass and has much higher bending
stiffness. It is also considerably lighter than fiberglass.
However, it is relatively poor in impact resistance; the fibers
are brittle and tend to shatter under sharp impact. This can
be greatly improved with a “toughened” epoxy resin system,
as used in the Boeing 787 horizontal and vertical stabilizers.
Carbon fiber is more expensive than fiberglass, but the price
has dropped due to innovations driven by the B-2 program
in the 1980s and Boeing 777 work in the 1990s. Very well-
designed carbon fiber structures can be significantly lighter
than an equivalent aluminum structure, sometimes by 30
percent or so.

Advantages of Composites

Composite construction offers several advantages over
metal, wood, or fabric, with its lighter weight being the most
frequently cited. Lighter weight is not always automatic. It
must be remembered that building an aircraft structure out of
composites does not guarantee it will be lighter; it depends
on the structure, as well as the type of composite being used.

A more important advantage is that a very smooth, compound
curved, aerodynamic structure made from composites
reduces drag. This is the main reason sailplane designers
switched from metal and wood to composites in the 1960s.
In aircraft, the use of composites reduces drag for the Cirrus
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and Columbia line of production aircraft, leading to their high
performance despite their fixed landing gear. Composites also
help mask the radar signature of “stealth” aircraft designs,
such as the B-2 and the F-22. Today, composites can be
found in aircraft as varied as gliders to most new helicopters.

Lack of corrosion is a third advantage of composites. Boeing
is designing the 787, with its all-composite fuselage, to have
both a higher pressure differential and higher humidity in
the cabin than previous airliners. Engineers are no longer as
concerned about corrosion from moisture condensation on the
hidden areas of the fuselage skins, such as behind insulation
blankets. This should lead to lower long-term maintenance
costs for the airlines.

Another advantage of composites is their good performance
in a flexing environment, such as in helicopter rotor blades.
Composites do not suffer from metal fatigue and crack growth
as do metals. While it takes careful engineering, composite
rotor blades can have considerably higher design lives than
metal blades, and most new large helicopter designs have all
composite blades, and in many cases, composite rotor hubs.

Disadvantages of Composites

Composite construction comes with its own set of
disadvantages, the most important of which is the lack of
visual proof of damage. Composites respond differently from
other structural materials to impact, and there is often no
obvious sign of damage. For example, if a car backs into an
aluminum fuselage, it might dent the fuselage. If the fuselage
is not dented, there is no damage. If the fuselage is dented,
the damage is visible and repairs are made.

In a composite structure, a low energy impact, such as a
bump or a tool drop, may not leave any visible sign of the
impact on the surface. Underneath the impact site there may
be extensive delaminations, spreading in a cone-shaped area
from the impact location. The damage on the backside of
the structure can be significant and extensive, but it may be
hidden from view. Anytime one has reason to think there
may have been an impact, even a minor one, it is best to
get an inspector familiar with composites to examine the
structure to determine underlying damage. The appearance
of “whitish” areas in a fiberglass structure is a good tip-off
that delaminations of fiber fracture has occurred.

A medium energy impact (perhaps the car backing into the
structure) results in local crushing of the surface, which
should be visible to the eye. The damaged area is larger than
the visible crushed area and will need to be repaired. A high
energy impact, such as a bird strike or hail while in flight,
results in a puncture and a severely damaged structure. In



medium and high energy impacts, the damage is visible to the
eye, but low energy impact is difficult to detect. [Figure 3-16]

If an impact results in delaminations, crushing of the surface,
or a puncture, then a repair is mandatory. While waiting
for the repair, the damaged area should be covered and
protected from rain. Many composite parts are composed
of thin skins over a honeycomb core, creating a “sandwich”
structure. While excellent for structural stiffness reasons,
such astructure is an easy target for water ingress (entering),
leading to further problems later. A piece of “speed tape”
over the puncture is a good way to protect it from water, but
it is not a structural repair. The use of a paste filler to cover
up the damage, while acceptable for cosmetic purposes, is
not a structural repair, either.
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Figure 3-16. Impact energy affects the visibility, as well as the
severity, of damage in composite structures. High and medium
energy impacts, while severe, are easy to detect. Low energy impacts
can easily cause hidden damage.

The potential for heat damage to the resin is another
disadvantage of using composites. While “too hot” depends
on the particular resin system chosen, many epoxies begin
to weaken over 150 °F. White paint on composites is often
used to minimize this issue. For example, the bottom of
a wing that is painted black facing a black asphalt ramp
on a hot, sunny day can get as hot as 220 °F. The same
structure, painted white, rarely exceeds 140 °F. As a result,
composite aircraft often have specific recommendations
on allowable paint colors. If the aircraft is repainted, these
recommendations must be followed. Heat damage can also
occur due to a fire. Even a quickly extinguished small brake
fire can damage bottom wing skins, composite landing gear
legs, or wheel pants.

Also, chemical paint strippers are very harmful to composites
and must not be used on them. If paint needs to be removed
from composites, only mechanical methods are allowed, such
as gentle grit blasting or sanding. Many expensive composite
parts have been ruined by the use of paint stripper and such
damage is generally not repairable.

Fluid Spills on Composites

Some owners are concerned about fuel, oil, or hydraulic fluid
spills on composite surfaces. These are generally nota problem
with modern composites using epoxy resin. Usually, if the
spill does not attack the paint, it will not hurt the underlying
composite. Some aircraft use fiberglass fuel tanks, for example,
in which the fuel rides directly against the composite surface
with no sealant being used. If the fiberglass structure is made
with some of the more inexpensive types of polyester resin,
there can be a problem when using auto gas with ethanol
blended into the mixture. The more expensive types of
polyester resin, as well as epoxy resin, can be used with auto
gas, as well as 100 octane aviation gas (avgas) and jet fuel.

Lightning Strike Protection

Lightning strike protection is an important consideration in
aircraft design. When an aircraft is hit by lightning, a very
large amount of energy is delivered to the structure. Whether
flying a light general aviation (GA) aircraft or a large airliner,
the basic principle of lightning strike protection is the same.
For any size aircraft, the energy from the strike must be spread
over a large surface area to lower the amps per square inch
to a harmless level.

If lightning strikes an aluminum airplane, the electrical
energy naturally conducts easily through the aluminum
structure. The challenge is to keep the energy out of avionics,
fuel systems, etc., until it can be safely conducted overboard.
The outer skin of the aircraft is the path of least resistance.
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In a composite aircraft, fiberglass is an excellent electrical
insulator, while carbon fiber conducts electricity, but not
as easily as aluminum. Therefore, additional electrical
conductivity needs to be added to the outside layer of
composite skin. This is done typically with fine metal meshes
bonded to the skin surfaces. Aluminum and copper mesh
are the two most common types, with aluminum used on
fiberglass and copper on carbon fiber. Any structural repairs
on lightning-strike protected areas must also include the mesh
as well as the underlying structure.

For composite aircraft with internal radio antennas, there
must be “windows” in the lightning strike mesh in the area
of the antenna. Internal radio antennas may be found in
fiberglass composites because fiberglass is transparent to
radio frequencies, where carbon fiber is not.

The Future of Composites

In the decades since World War 11, composites have earned
an important role in aircraft structure design. Their design
flexibility and corrosion resistance, as well as the high
strength-to-weight ratios possible, will undoubtedly continue
to lead to more innovative aircraft designs in the future.
From the Cirrus SR-20 to the Boeing 787, it is obvious that
composites have found a home in aircraft construction and
are here to stay. [Figure 3-17]

Instrumentation: Moving into the Future

Until recently, most GA aircraft were equipped with
individual instruments utilized collectively to safely operate
and maneuver the aircraft. With the release of the electronic
flight display (EFD) system, conventional instruments have
been replaced by multiple liquid crystal display (LCD)
screens. The first screen is installed in front of the pilot
position and is referred to as the primary flight display (PFD).
The second screen, positioned approximately in the center
of the instrument panel, is referred to as the multi-function
display (MFD). These two screens de-clutter instrument
panels while increasing safety. This has been accomplished
through the utilization of solid state instruments that have
a failure rate far less than those of conventional analog
instrumentation. [Figure 3-18]

With today’s improvements in avionics and the introduction
of EFDs, pilots at any level of experience need an astute
knowledge of the onboard flight control systems, as well as
an understanding of how automation melds with aeronautical
decision-making (ADM). These subjects are covered in detail
in Chapter 2, Aeronautical Decision-Making.

Whether an aircraft has analog or digital (glass) instruments,

the instrumentation falls into three different categories:
performance, control, and navigation.
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Figure 3-17. Composite materials in aircraft, such as Columbia 350
(top), Boeing 787 (middle), and a Coast Guard HH-65 (bottom).

Performance Instruments

The performance instruments indicate the aircraft’s actual
performance. Performance is determined by reference to the
altimeter, airspeed or vertical speed indicator (\VSI), heading
indicator, and turn-and-slip indicator. The performance
instruments directly reflect the performance the aircraft
is achieving. The speed of the aircraft can be referenced
on the airspeed indicator. The altitude can be referenced
on the altimeter. The aircraft’s climb performance can be
determined by referencing the VSI. Other performance
instruments available are the heading indicator, angle of
attack indicator, and the slip-skid indicator. [Figure 3-19]
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Figure 3-18. Analog display (top) and digital display (bottom) from
a Cessna 172.

Control Instruments

The control instruments display immediate attitude and power
changes and are calibrated to permit adjustments in precise
increments. [Figure 3-20] The instrument for attitude display
is the attitude indicator. The control instruments do not
indicate aircraft speed or altitude. In order to determine these
variables and others, a pilot must reference the performance
instruments.

Navigation Instruments

The navigation instruments indicate the position of the
aircraft in relation to a selected navigation facility or fix.
This group of instruments includes various types of course
indicators, range indicators, glideslope indicators, and
bearing pointers. Newer aircraft with more technologically
advanced instrumentation provide blended information,
giving the pilot more accurate positional information.

Navigation instruments are comprised of indicators that
display GPS, very high frequency (VHF) omni-directional
radio range (VOR), nondirectional beacon (NDB),
and instrument landing system (ILS) information. The
instruments indicate the position of the aircraft relative to a

selected navigation facility or fix. They also provide pilotage
information so the aircraft can be maneuvered to keep it on
a predetermined path. The pilotage information can be in
either two or three dimensions relative to the ground-based or
space-based navigation information. [Figures 3-21 and 3-22]

Global Positioning System (GPS)

GPS is a satellite-based navigation system composed of a
network of satellites placed into orbit by the United States
Department of Defense (DOD). GPS was originally intended
for military applications, but in the 1980s the government
made the system available for civilian use. GPS works in
all weather conditions, anywhere in the world, 24 hours a
day. A GPS receiver must be locked onto the signal of at
least three satellites to calculate a two-dimensional position
(latitude and longitude) and track movement. With four or
more satellites in view, the receiver can determine the user’s
three-dimensional position (latitude, longitude, and altitude).
Other satellites must also be in view to offset signal loss
and signal ambiguity. The use of the GPS is discussed in
more detail in Chapter 16, Navigation. Additionally, GPS is
discussed in the Aeronautical Information Manual (AlM).

Chapter Summary

This chapter provides an overview of aircraft structures.
A more in-depth understanding of aircraft structures and
controls can be gained through the use of flight simulation
software or interactive programs available online through
aviation organizations, such as the Aircraft Owners and Pilots
Association (AOPA). Pilots are also encouraged to subscribe
to or review the various aviation periodicals that contain
valuable flying information. As discussed in Chapter 1, the
National Aeronautics and Space Administration (NASA) and
the FAA also offer free information for pilots.
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Introduction

This chapter examines the fundamental physical laws
governing the forces acting on an aircraft in flight, and
what effect these natural laws and forces have on the
performance characteristics of aircraft. To control an aircraft,
be it an airplane, helicopter, glider, or balloon, the pilot
must understand the principles involved and learn to use or
counteract these natural forces.

Structure of the Atmosphere

The atmosphere is an envelope of air that surrounds the Earth
and rests upon its surface. It is as much a part of the Earth as
the seas or the land, but air differs from land and water as it is
a mixture of gases. It has mass, weight, and indefinite shape.

The atmosphere is composed of 78 percent nitrogen, 21
percent oxygen, and 1 percent other gases, such as argon
or helium. Some of these elements are heavier than others.
The heavier elements, such as oxygen, settle to the surface
of the Earth, while the lighter elements are lifted up to the
region of higher altitude. Most of the atmosphere’s oxygen
is contained below 35,000 feet altitude.
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Air is a Fluid

When most people hear the word “fluid,” they usually think
of liquid. However, gasses, like air, are also fluids. Fluids
take on the shape of their containers. Fluids generally do not
resist deformation when even the smallest stress is applied,
or they resist it only slightly. We call this slight resistance
viscosity. Fluids also have the ability to flow. Just as a liquid
flows and fills a container, air will expand to fill the available
volume of its container. Both liquids and gasses display these
unique fluid properties, even though they differ greatly in
density. Understanding the fluid properties of air is essential
to understanding the principles of flight.

Viscosity

Viscosity is the property of a fluid that causes it to resist
flowing. The way individual molecules of the fluid tend to
adhere, or stick, to each other determines how much a fluid
resists flow. High-viscosity fluids are “thick” and resist flow;
low-viscosity fluids are “thin” and flow easily. Air has a low
viscosity and flows easily.

Using two liquids as an example, similar amounts of oil and
water poured down two identical ramps will flow at different
rates due to their different viscosity. The water seems to flow
freely while the oil flows much more slowly.

As another example, different types of similar liquids will
display different behaviors because of different viscosities.
Grease is very viscous. Given time, grease will flow, even
though the flow rate will be slow. Motor oil is less viscous
than grease and flows much more easily, but it is more viscous
and flows more slowly than gasoline.

All fluids are viscous and have a resistance to flow, whether
or not we observe this resistance. We cannot easily observe

the viscosity of air. However, since air is a fluid and has
viscosity properties, it resists flow around any object to
some extent.

Friction

Another factor at work when a fluid flows over or around
an object is called friction. Friction is the resistance that one
surface or object encounters when moving over another.
Friction exists between any two materials that contact each
other.

The effects of friction can be demonstrated using a similar
example as before. If identical fluids are poured down two
identical ramps, they flow in the same manner and at the
same speed. If the surface of one ramp is rough, and the other
smooth, the flow down the two ramps differs significantly.
The rough surface ramp impedes the flow of the fluid due
to resistance from the surface (friction). It is important to
remember that all surfaces, no matter how smooth they
appear, are not smooth on a microscopic level and impede
the flow of a fluid.

The surface of a wing, like any other surface, has a certain
roughness at the microscopic level. The surface roughness
causes resistance and slows the velocity of the air flowing
over the wing. [Figure 4-1]

Molecules of air pass over the surface of the wing and actually
adhere (stick, or cling) to the surface because of friction. Air
molecules near the surface of the wing resist motion and have
a relative velocity near zero. The roughness of the surface
impedes their motion. The layer of molecules that adhere to
the wing surface is referred to as the boundary layer.

Leading edge of wing under 1,500x magnification

Figure 4-1. Microscopic surface of a wing.
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Once the boundary layer of the air adheres to the wing by
friction, further resistance to the airflow is caused by the
viscosity, the tendency of the air to stick to itself. When
these two forces act together to resist airflow over a wing,
itis called drag.

Pressure

Pressure is the force applied in a perpendicular direction to the
surface of an object. Often, pressure is measured in pounds of
force exerted per square inch of an object, or PSI. An object
completely immersed in a fluid will feel pressure uniformly
around the entire surface of the object. If the pressure on one
surface of the object becomes less than the pressure exerted
on the other surfaces, the object will move in the direction
of the lower pressure.

Atmospheric Pressure

Although there are various kinds of pressure, pilots are
mainly concerned with atmospheric pressure. It is one of
the basic factors in weather changes, helps to lift an aircraft,
and actuates some of the important flight instruments. These
instruments are the altimeter, airspeed indicator, vertical
speed indicator, and manifold pressure gauge.

Air is very light, but it has mass and is affected by the
attraction of gravity. Therefore, like any other substance,
it has weight, and because of its weight, it has force. Since
air is a fluid substance, this force is exerted equally in all
directions. Its effect on bodies within the air is called pressure.
Under standard conditions at sea level, the average pressure
exerted by the weight of the atmosphere is approximately
14.70 pounds per square inch (psi) of surface, or 1,013.2
millibars (mb). The thickness of the atmosphere is limited;
therefore, the higher the altitude, the less air there is above.
For this reason, the weight of the atmosphere at 18,000 feet
is one-half what it is at sea level.

The pressure of the atmosphere varies with time and location.
Due to the changing atmospheric pressure, a standard
reference was developed. The standard atmosphere at sea
level is a surface temperature of 59 °F or 15 °C and a surface
pressure of 29.92 inches of mercury ("Hg) or 1,013.2 mb.
[Figure 4-2]

A standard temperature lapse rate is when the temperature
decreases at the rate of approximately 3.5 °F or 2 °C per
thousand feet up to 36,000 feet, which is approximately —65
°F or-55 °C. Above this point, the temperature is considered
constant up to 80,000 feet. A standard pressure lapse rate is
when pressure decreases at a rate of approximately 1 "Hg
per 1,000 feet of altitude gain to 10,000 feet. [Figure 4-3]
The International Civil Aviation Organization (ICAO) has
established this as a worldwide standard, and it is often
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Figure 4-2. Standard sea level pressure.

Standard Atmosphere

i Temperature
Altitude (ft) | Pressure (Hg) Q) )
0 29.92 15.0 59.0
1,000 28.86 13.0 55.4
2,000 27.82 11.0 51.9
3,000 26.82 9.1 48.3
4,000 25.84 7.1 447
5,000 24.89 5.1 41.2
6,000 23.98 3.1 37.6
7,000 23.09 11 34.0
8,000 22.22 -0.9 30.5
9,000 21.38 -2.8 26.9
10,000 20.57 -4.8 23.3
11,000 19.79 -6.8 19.8
12,000 19.02 -8.8 16.2
13,000 18.29 -10.8 12.6
14,000 17.57 -12.7 9.1
15,000 16.88 -14.7 55
16,000 16.21 -16.7 1.9
17,000 15.56 -18.7 -1.6
18,000 14.94 -20.7 -5.2
19,000 14.33 -22.6 -8.8
20,000 13.74 -24.6 -12.3

Figure 4-3. Properties of standard atmosphere.

referred to as International Standard Atmosphere (ISA) or
ICAO Standard Atmosphere. Any temperature or pressure
that differs from the standard lapse rates is considered
nonstandard temperature and pressure.
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Since aircraft performance is compared and evaluated with
respect to the standard atmosphere, all aircraft instruments are
calibrated for the standard atmosphere. In order to properly
account for the nonstandard atmosphere, certain related terms
must be defined.

Pressure Altitude

Pressure altitude is the height above a standard datum plane
(SDP), which is a theoretical level where the weight of the
atmosphere is 29.92 "Hg (1,013.2 mb) as measured by a
barometer. An altimeter is essentially a sensitive barometer
calibrated to indicate altitude in the standard atmosphere. If
the altimeter is set for 29.92 "Hg SDP, the altitude indicated
is the pressure altitude. As atmospheric pressure changes, the
SDP may be below, at, or above sea level. Pressure altitude
is important as a basis for determining airplane performance,
as well as for assigning flight levels to airplanes operating at
or above 18,000 feet.

The pressure altitude can be determined by one of the
following methods:

1. Setting the barometric scale of the altimeter to 29.92
and reading the indicated altitude

2. Applying a correction factor to the indicated altitude
according to the reported altimeter setting

Density Altitude

SDP is a theoretical pressure altitude, but aircraft operate in a
nonstandard atmosphere and the term density altitude is used
for correlating aerodynamic performance in the nonstandard
atmosphere. Density altitude is the vertical distance above sea
level in the standard atmosphere at which a given density is
to be found. The density of air has significant effects on the
aircraft’s performance because as air becomes less dense,
it reduces:

«  Power because the engine takes in less air
e Thrust because a propeller is less efficient in thin air
e Liftbecause the thin air exerts less force on the airfoils

Density altitude is pressure altitude corrected for nonstandard
temperature. As the density of the air increases (lower
density altitude), aircraft performance increases; conversely
as air density decreases (higher density altitude), aircraft
performance decreases. A decrease in air density means
a high density altitude; an increase in air density means a
lower density altitude. Density altitude is used in calculating
aircraft performance because under standard atmospheric
conditions, air at each level in the atmosphere not only has
a specific density, its pressure altitude and density altitude
identify the same level.
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The computation of density altitude involves consideration
of pressure (pressure altitude) and temperature. Since aircraft
performance data at any level is based upon air density under
standard day conditions, such performance data apply to
air density levels that may not be identical with altimeter
indications. Under conditions higher or lower than standard,
these levels cannot be determined directly from the altimeter.

Density altitude is determined by first finding pressure
altitude, and then correcting this altitude for nonstandard
temperature variations. Since density varies directly with
pressure and inversely with temperature, a given pressure
altitude may exist for a wide range of temperatures by
allowing the density to vary. However, a known density
occurs for any one temperature and pressure altitude. The
density of the air has a pronounced effect on aircraft and
engine performance. Regardless of the actual altitude of the
aircraft, it will perform as though it were operating at an
altitude equal to the existing density altitude.

Air density is affected by changes in altitude, temperature,
and humidity. High density altitude refers to thin air, while
low density altitude refers to dense air. The conditions that
result in a high density altitude are high elevations, low
atmospheric pressures, high temperatures, high humidity, or
some combination of these factors. Lower elevations, high
atmospheric pressure, low temperatures, and low humidity
are more indicative of low density altitude.

Effect of Pressure on Density

Since air is a gas, it can be compressed or expanded. When
air is compressed, a greater amount of air can occupy a given
volume. Conversely, when pressure on a given volume of air
is decreased, the air expands and occupies a greater space.
At a lower pressure, the original column of air contains a
smaller mass of air. The density is decreased because density
is directly proportional to pressure. If the pressure is doubled,
the density is doubled,; if the pressure is lowered, the density is
lowered. This statement is true only at a constant temperature.

Effect of Temperature on Density

Increasing the temperature of a substance decreases its
density. Conversely, decreasing the temperature increases
the density. Thus, the density of air varies inversely with
temperature. This statement is true only at a constant pressure.

In the atmosphere, both temperature and pressure decrease
with altitude and have conflicting effects upon density.
However, a fairly rapid drop in pressure as altitude increases
usually has a dominating effect. Hence, pilots can expect the
density to decrease with altitude.



Effect of Humidity (Moisture) on Density

The preceding paragraphs refer to air that is perfectly dry. In
reality, it is never completely dry. The small amount of water
vapor suspended in the atmosphere may be almost negligible
under certain conditions, but in other conditions humidity
may become an important factor in the performance of an
aircraft. Water vapor is lighter than air; consequently, moist
air is lighter than dry air. Therefore, as the water content
of the air increases, the air becomes less dense, increasing
density altitude and decreasing performance. It is lightest or
least dense when, in a given set of conditions, it contains the
maximum amount of water vapor.

Humidity, also called relative humidity, refers to the amount
of water vapor contained in the atmosphere and is expressed
as a percentage of the maximum amount of water vapor the
air can hold. This amount varies with temperature. Warm air
holds more water vapor, while cold air holds less. Perfectly
dry air that contains no water vapor has a relative humidity
of zero percent, while saturated air, which cannot hold any
more water vapor, has a relative humidity of 100 percent.
Humidity alone is usually not considered an important factor
in calculating density altitude and aircraft performance, but
it is a contributing factor.

As temperature increases, the air can hold greater amounts
of water vapor. When comparing two separate air masses,
the first warm and moist (both qualities tending to lighten
the air) and the second cold and dry (both qualities making
it heavier), the first must be less dense than the second.
Pressure, temperature, and humidity have a great influence
on aircraft performance because of their effect upon density.
There are no rules of thumb that can be easily applied, but
the affect of humidity can be determined using several online
formulas. In the first example, the pressure is needed at the
altitude for which density altitude is being sought. Using
Figure 4-2, select the barometric pressure closest to the
associated altitude. As an example, the pressure at 8,000 feet
is 22.22 "Hg. Using the National Oceanic and Atmospheric
Administration (NOAA) website (www.srh.noaa.gov/
epz/?n=wxcalc_densityaltitude) for density altitude, enter
the 22.22 for 8,000 feet in the station pressure window. Enter
a temperature of 80° and a dew point of 75°. The result is a
density altitude of 11,564 feet. With no humidity, the density
altitude would be almost 500 feet lower.

Another website (www.wahiduddin.net/calc/density
altitude.htm) provides a more straight forward method of
determining the effects of humidity on density altitude
without using additional interpretive charts. In any case, the
effects of humidity on density altitude include a decrease in
overall performance in high humidity conditions.

Theories in the Production of Lift

In order to achieve flight in a machine that is heavier than air,
there are several obstacles we must overcome. One of those
obstacles, discussed previously, is the resistance to movement
called drag. The most challenging obstacle to overcome in
aviation, however, is the force of gravity. A wing moving
through air generates the force called lift, also previously
discussed. Lift from the wing that is greater than the force of
gravity, directed opposite to the direction of gravity, enables
an aircraft to fly. Generating this force called lift is based on
some important principles, Newton's basic laws of motion,
and Bernoulli's principle of differential pressure.

Newton’s Basic Laws of Motion

The formulation of lift has historically been an adaptation
over the past few centuries of basic physical laws. These
laws, although seemingly applicable to all aspects of lift,
do not explain how lift is formulated. In fact, one must
consider the many airfoils that are symmetrical, yet produce
significant lift.

The fundamental physical laws governing the forces acting
upon an aircraft in flight were adopted from postulated
theories developed before any human successfully flew
an aircraft. The use of these physical laws grew out of the
Scientific Revolution, which began in Europe in the 1600s.
Driven by the belief the universe operated in a predictable
manner open to human understanding, many philosophers,
mathematicians, natural scientists, and inventors spent their
lives unlocking the secrets of the universe. One of the most
well-known was Sir Isaac Newton, who not only formulated
the law of universal gravitation, but also described the three
basic laws of motion.

Newton’s First Law: “Every object persists in its state of rest
or uniform motion in a straight line unless it is compelled to
change that state by forces impressed on it.”

This means that nothing starts or stops moving until some
outside force causes it to do so. An aircraft at rest on the ramp
remains at rest unless a force strong enough to overcome
its inertia is applied. Once it is moving, its inertia keeps
it moving, subject to the various other forces acting on it.
These forces may add to its motion, slow it down, or change
its direction.

Newton’s Second Law: “Force is equal to the change in

momentum per change in time. For a constant mass, force
equals mass times acceleration.”
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When a body is acted upon by a constant force, its resulting
acceleration is inversely proportional to the mass of the body
and is directly proportional to the applied force. This takes
into account the factors involved in overcoming Newton’s
First Law. It covers both changes in direction and speed,
including starting up from rest (positive acceleration) and
coming to a stop (negative acceleration or deceleration).

Newton’s Third Law: “For every action, there is an equal
and opposite reaction.”

In an airplane, the propeller moves and pushes back the
air; consequently, the air pushes the propeller (and thus the
airplane) in the opposite direction—forward. In a jet airplane,
the engine pushes a blast of hot gases backward; the force of
equal and opposite reaction pushes against the engine and
forces the airplane forward.

Bernoulli’s Principle of Differential Pressure

A half-century after Newton formulated his laws, Daniel
Bernoulli, a Swiss mathematician, explained how the pressure
of a moving fluid (liquid or gas) varies with its speed of
motion. Bernoulli’s Principle states that as the velocity of a
moving fluid (liquid or gas) increases, the pressure within
the fluid decreases. This principle explains what happens to
air passing over the curved top of the airplane wing.

A practical application of Bernoulli’s Principle is the venturi
tube. The venturi tube has an air inlet that narrows to a
throat (constricted point) and an outlet section that increases
in diameter toward the rear. The diameter of the outlet is
the same as that of the inlet. The mass of air entering the
tube must exactly equal the mass exiting the tube. At the
constriction, the speed must increase to allow the same
amount of air to pass in the same amount of time as in all
other parts of the tube. When the air speeds up, the pressure
also decreases. Past the constriction, the airflow slows and
the pressure increases. [Figure 4-4]

Since air is recognized as a body, and it is understood that
air will follow the above laws, one can begin to see how
and why an airplane wing develops lift. As the wing moves
through the air, the flow of air across the curved top surface
increases in velocity creating a low-pressure area.

Although Newton, Bernoulli, and hundreds of other early
scientists who studied the physical laws of the universe did
not have the sophisticated laboratories available today, they
provided great insight to the contemporary viewpoint of how
lift is created.

Airfoil Design

An airfoil is a structure designed to obtain reaction upon its
surface from the air through which it moves or that moves
past such a structure. Air acts in various ways when submitted
to different pressures and velocities; but this discussion
is confined to the parts of an aircraft that a pilot is most
concerned with in flight—namely, the airfoils designed to
produce lift. By looking at a typical airfoil profile, such as
the cross section of a wing, one can see several obvious
characteristics of design. [Figure 4-5] Notice that there is
a difference in the curvatures (called cambers) of the upper
and lower surfaces of the airfoil. The camber of the upper
surface is more pronounced than that of the lower surface,
which is usually somewhat flat.

NOTE: The two extremities of the airfoil profile also differ in
appearance. The rounded end, which faces forward in flight,
is called the leading edge; the other end, the trailing edge, is
quite narrow and tapered.

A reference line often used in discussing the airfoil is
the chord line, a straight line drawn through the profile
connecting the extremities of the leading and trailing edges.
The distance from this chord line to the upper and lower
surfaces of the wing denotes the magnitude of the upper and
lower camber at any point. Another reference line, drawn
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Figure 4-4. Air pressure decreases in a venturi tube.
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Trailing edge

Leading edge Chord line

Figure 4-5. Typical airfoil section.

from the leading edge to the trailing edge, is the mean camber
line. This mean line is equidistant at all points from the upper
and lower surfaces.

An airfoil is constructed in such a way that its shape takes
advantage of the air’s response to certain physical laws. This
develops two actions from the air mass: a positive pressure
lifting action from the air mass below the wing, and a negative
pressure lifting action from lowered pressure above the wing.

As the air stream strikes the relatively flat lower surface of
a wing or rotor blade when inclined at a small angle to its
direction of motion, the air is forced to rebound downward,
causing an upward reaction in positive lift. At the same time,
the air stream striking the upper curved section of the leading
edge is deflected upward. An airfoil is shaped to cause an
action on the air, and forces air downward, which provides
an equal reaction from the air, forcing the airfoil upward. If
a wing is constructed in such form that it causes a lift force
greater than the weight of the aircraft, the aircraft will fly.

If all the lift required were obtained merely from the
deflection of air by the lower surface of the wing, an aircraft
would only need a flat wing like a kite. However, the balance
of the lift needed to support the aircraft comes from the flow
of air above the wing. Herein lies the key to flight.

Itis neither accurate nor useful to assign specific values to the
percentage of lift generated by the upper surface of an airfoil
versus that generated by the lower surface. These are not
constant values. They vary, not only with flight conditions,
but also with different wing designs.

Different airfoils have different flight characteristics. Many
thousands of airfoils have been tested in wind tunnels and in
actual flight, but no one airfoil has been found that satisfies
every flight requirement. The weight, speed, and purpose
of each aircraft dictate the shape of its airfoil. The most
efficient airfoil for producing the greatest lift is one that has
aconcave or “scooped out” lower surface. As a fixed design,
this type of airfoil sacrifices too much speed while producing

lift and is not suitable for high-speed flight. Advancements
in engineering have made it possible for today’s high-speed
jets to take advantage of the concave airfoil’s high lift
characteristics. Leading edge (Kreuger) flaps and trailing
edge (Fowler) flaps, when extended from the basic wing
structure, literally change the airfoil shape into the classic
concave form, thereby generating much greater lift during
slow flight conditions.

On the other hand, an airfoil that is perfectly streamlined
and offers little wind resistance sometimes does not have
enough lifting power to take the airplane off the ground.
Thus, modern airplanes have airfoils that strike a medium
between extremes in design. The shape varies according to
the needs of the airplane for which it is designed. Figure 4-6
shows some of the more common airfoil designs.

Low Pressure Above

In awind tunnel or in flight, an airfoil is simply a streamlined
object inserted into a moving stream of air. If the airfoil
profile were in the shape of a teardrop, the speed and the
pressure changes of the air passing over the top and bottom
would be the same on both sides. But if the teardrop shaped
airfoil were cut in half lengthwise, a form resembling the
basic airfoil (wing) section would result. If the airfoil were
then inclined so the airflow strikes it at an angle, the air
moving over the upper surface would be forced to move
faster than the air moving along the bottom of the airfoil.
This increased velocity reduces the pressure above the airfoil.

Applying Bernoulli’s Principle of Pressure, the increase in
the speed of the air across the top of an airfoil produces a

Early airfoil A

Later airfoil g
Clark 'Y* airfoil

(Subsonic) (

Laminar flow airfoil
(Subsonic)

Circular arc airfoil
(Supersonic)

Double wedge airfoil
(Supersonic)

Figure 4-6. Airfoil designs.
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drop in pressure. This lowered pressure is a component of
total lift. The pressure difference between the upper and
lower surface of a wing alone does not account for the total
lift force produced.

The downward backward flow from the top surface of an
airfoil creates a downwash. This downwash meets the flow
from the bottom of the airfoil at the trailing edge. Applying
Newton’s third law, the reaction of this downward backward
flow results in an upward forward force on the airfoil.

High Pressure Below

A certain amount of lift is generated by pressure conditions
underneath the airfoil. Because of the manner in which air
flows underneath the airfoil, a positive pressure results,
particularly at higher angles of attack. However, there is
another aspect to this airflow that must be considered. At a
point close to the leading edge, the airflow is virtually stopped
(stagnation point) and then gradually increases speed. At
some point near the trailing edge, it again reaches a velocity
equal to that on the upper surface. In conformance with
Bernoulli’s principle, where the airflow was slowed beneath
the airfoil, a positive upward pressure was created (i.e., as
the fluid speed decreases, the pressure must increase). Since
the pressure differential between the upper and lower surface
of the airfoil increases, total lift increases. Both Bernoulli’s
Principle and Newton’s Laws are in operation whenever lift
is being generated by an airfoil.

Pressure Distribution

From experiments conducted on wind tunnel models and on
full size airplanes, it has been determined that as air flows
along the surface of a wing at different angles of attack
(AOA), there are regions along the surface where the pressure
is negative, or less than atmospheric, and regions where the
pressure is positive, or greater than atmospheric. This negative
pressure on the upper surface creates a relatively larger force
on the wing than is caused by the positive pressure resulting
from the air striking the lower wing surface. Figure 4-7 shows
the pressure distribution along an airfoil at three different
angles of attack. The average of the pressure variation for
any given AOA is referred to as the center of pressure (CP).
Aerodynamic force acts through this CP. At high angles of
attack, the CP moves forward, while at low angles of attack
the CP moves aft. In the design of wing structures, this CP
travel is very important, since it affects the position of the
air loads imposed on the wing structure in both low and high
AOA conditions. An airplane’s aerodynamic balance and
controllability are governed by changes in the CP.

Airfoil Behavior
Although specific examples can be cited in which each of
the principles predict and contribute to the formation of lift,
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Figure 4-7. Pressure distribution on an airfoil and CP changes
with AOA.

lift is a complex subject. The production of lift is much more
complex than a simple differential pressure between upper
and lower airfoil surfaces. In fact, many lifting airfoils do
not have an upper surface longer than the bottom, as in the
case of symmetrical airfoils. These are seen in high-speed
aircraft having symmetrical wings, or on symmetrical rotor
blades for many helicopters whose upper and lower surfaces



are identical. In both examples, the only difference is the
relationship of the airfoil with the oncoming airstream
(angle). A paper airplane, which is simply a flat plate, has a
bottom and top exactly the same shape and length. Yet, these
airfoils do produce lift, and “flow turning” is partly (or fully)
responsible for creating lift.

As an airfoil moves through air, the airfoil is inclined
against the airflow, producing a different flow caused by the
airfoil’s relationship to the oncoming air. Think of a hand
being placed outside the car window at a high speed. If the
hand is inclined in one direction or another, the hand will
move upward or downward. This is caused by deflection,
which in turn causes the air to turn about the object within
the air stream. As a result of this change, the velocity about
the object changes in both magnitude and direction, in turn
resulting in a measurable velocity force and direction.

A Third Dimension

To this point, the discussion has centered on the flow across
the upper and lower surfaces of an airfoil. While most of the
lift is produced by these two dimensions, a third dimension,
the tip of the airfoil also has an aerodynamic effect. The high-
pressure area on the bottom of an airfoil pushes around the tip
to the low-pressure area on the top. [Figure 4-8] This action
creates a rotating flow called a tip vortex. The vortex flows
behind the airfoil creating a downwash that extends back to
the trailing edge of the airfoil. This downwash results in an
overall reduction in lift for the affected portion of the airfoil.
Manufacturers have developed different methods to
counteract this action. Winglets can be added to the tip of
an airfoil to reduce this flow. The winglets act as a dam
preventing the vortex from forming. Winglets can be on the
top or bottom of the airfoil. Another method of countering
the flow is to taper the airfoil tip, reducing the pressure
differential and smoothing the airflow around the tip.

Figure 4-8. Tip vortex.

Chapter Summary

Modern general aviation aircraft have what may be considered
high performance characteristics. Therefore, itis increasingly
necessary that pilots appreciate and understand the principles
upon which the art of flying is based. For additional
information on the principles discussed in this chapter, visit
the National Aeronautics and Space Administration (NASA)
Beginner’s Guide to Aerodynamics at www.grc.nasa.gov/
www/k-12/airplane/bga.html.
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Forces Acting on the Aircraft

Thrust, drag, lift, and weight are forces that act upon all
aircraft in flight. Understanding how these forces work and
knowing how to control them with the use of power and
flight controls are essential to flight. This chapter discusses
the aerodynamics of flight—how design, weight, load factors,
and gravity affect an aircraft during flight maneuvers.

The four forces acting on an aircraft in straight-and-level,
unaccelerated flight are thrust, drag, lift, and weight. They
are defined as follows:

Thrust—the forward force produced by the powerplant/
propeller or rotor. It opposes or overcomes the force
of drag. As a general rule, it acts parallel to the
longitudinal axis. However, this is not always the case,
as explained later.

Drag—a rearward, retarding force caused by disruption
of airflow by the wing, rotor, fuselage, and other
protruding objects. As a general rule, drag opposes
thrust and acts rearward parallel to the relative wind.

Lift—is a force that is produced by the dynamic effect
of the air acting on the airfoil, and acts perpendicular
to the flight path through the center of lift (CL) and
perpendicular to the lateral axis. In level flight, lift
opposes the downward force of weight.
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e Weight—the combined load of the aircraft itself, the
crew, the fuel, and the cargo or baggage. Weight is
a force that pulls the aircraft downward because of
the force of gravity. It opposes lift and acts vertically
downward through the aircraft’s center of gravity (CG).

In steady flight, the sum of these opposing forces is always
zero. There can be no unbalanced forces in steady, straight
flight based upon Newton’s Third Law, which states that for
every action or force there is an equal, but opposite, reaction
or force. This is true whether flying level or when climbing
or descending.

It does not mean the four forces are equal. It means the
opposing forces are equal to, and thereby cancel, the effects of
each other. In Figure 5-1, the force vectors of thrust, drag, lift,
and weight appear to be equal in value. The usual explanation
states (without stipulating that thrust and drag do not equal
weight and lift) that thrust equals drag and lift equals weight.
Although true, this statement can be misleading. It should be
understood that in straight, level, unaccelerated flight, it is
true that the opposing lift/weight forces are equal. They are
also greater than the opposing forces of thrust/drag that are
equal only to each other. Therefore, in steady flight:

e The sum of all upward components of forces (not just
lift) equals the sum of all downward components of
forces (not just weight)

e Thesum of all forward components of forces (not just
thrust) equals the sum of all backward components of
forces (not just drag)

This refinement of the old “thrust equals drag; lift equals
weight” formula explains that a portion of thrust is directed
upward in climbs and slow flight and acts as if it were lift
while a portion of weight is directed backward opposite to the
direction of flight and acts as if it were drag. In slow flight,
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thrust has an upward component. But because the aircraft isin
level flight, weight does not contribute to drag. [Figure 5-2]

In glides, a portion of the weight vector is directed along
the forward flight path and, therefore, acts as thrust. In other
words, any time the flight path of the aircraft is not horizontal,
lift, weight, thrust, and drag vectors must each be broken down
into two components.

Another important concept to understand is angle of attack
(AOA). Since the early days of flight, AOA is fundamental to
understanding many aspects of airplane performance, stability,
and control. The AOA is defined as the acute angle between the
chord line of the airfoil and the direction of the relative wind.

Discussions of the preceding concepts are frequently omitted
in aeronautical texts/handbooks/manuals. The reason is
not that they are inconsequential, but because the main
ideas with respect to the aerodynamic forces acting upon
an aircraft in flight can be presented in their most essential
elements without being involved in the technicalities of the
aerodynamicist. In point of fact, considering only level flight,
and normal climbs and glides in a steady state, it is still true
that lift provided by the wing or rotor is the primary upward
force, and weight is the primary downward force.

By using the aerodynamic forces of thrust, drag, lift, and
weight, pilots can fly a controlled, safe flight. A more detailed
discussion of these forces follows.

Thrust

For an aircraft to start moving, thrust must be exerted and be
greater than drag. The aircraft continues to move and gain
speed until thrust and drag are equal. In order to maintain a

/

Rearward component of weight

Figure 5-1. Relationship of forces acting on an aircraft.
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constant airspeed, thrust and drag must remain equal, just as
lift and weight must be equal to maintain a constant altitude.
If in level flight, the engine power is reduced, the thrust is
lessened, and the aircraft slows down. As long as the thrust
is less than the drag, the aircraft continues to decelerate. To
a point, as the aircraft slows down, the drag force will also
decrease. The aircraft will continue to slow down until thrust
again equals drag at which point the airspeed will stabilize.

Likewise, if the engine power is increased, thrust becomes
greater than drag and the airspeed increases. As long as
the thrust continues to be greater than the drag, the aircraft
continues to accelerate. When drag equals thrust, the aircraft
flies at a constant airspeed.

Straight-and-level flight may be sustained at a wide range
of speeds. The pilot coordinates AOA and thrust in all
speed regimes if the aircraft is to be held in level flight. An
important fact related to the principal of lift (for a given
airfoil shape) is that lift varies with the AOA and airspeed.
Therefore, a large AOA at low airspeeds produces an equal
amount of lift at high airspeeds with a low AOA. The speed
regimes of flight can be grouped in three categories: low-
speed flight, cruising flight, and high-speed flight.

When the airspeed is low, the AOA must be relatively high
if the balance between lift and weight is to be maintained.
[Figure 5-3] If thrust decreases and airspeed decreases, lift
will become less than weight and the aircraft will start to
descend. To maintain level flight, the pilot can increase the
AOA an amount that generates a lift force again equal to the
weight of the aircraft. While the aircraft will be flying more
slowly, it will still maintain level flight. The AOA is adjusted
to maintain lift equal weight. The airspeed will naturally
adjust until drag equals thrust and then maintain that airspeed
(assumes the pilot is not trying to hold an exact speed).

Straight-and-level flight in the slow-speed regime provides
some interesting conditions relative to the equilibrium of
forces. With the aircraft in a nose-high attitude, there is a
vertical component of thrust that helps support it. For one
thing, wing loading tends to be less than would be expected.

In level flight, when thrust is increased, the aircraft speeds
up and the lift increases. The aircraft will start to climb
unless the AOA is decreased just enough to maintain the
relationship between lift and weight. The timing of this
decrease in AOA needs to be coordinated with the increase
in thrust and airspeed. Otherwise, if the AOA is decreased too
fast, the aircraft will descend, and if the AOA is decreased
too slowly, the aircraft will climb.

As the airspeed varies due to thrust, the AOA must also vary
to maintain level flight. At very high speeds and level flight,
itis even possible to have a slightly negative AOA. As thrust
is reduced and airspeed decreases, the AOA must increase
in order to maintain altitude. If speed decreases enough, the
required AOA will increase to the critical AOA. Any further
increase in the AOA will result in the wing stalling. Therefore,
extra vigilance is required at reduced thrust settings and low
speeds so as not to exceed the critical angle of attack. If the
airplane is equipped with an AOA indicator, it should be
referenced to help monitor the proximity to the critical AOA.

Some aircraft have the ability to change the direction of the
thrust rather than changing the AOA. This is accomplished
either by pivoting the engines or by vectoring the exhaust
gases. [Figure 5-4]

Lift

The pilot can control the lift. Any time the control yoke
or stick is moved fore or aft, the AOA is changed. As the
AOA increases, lift increases (all other factors being equal).
When the aircraft reaches the maximum AOA, lift begins
to diminish rapidly. This is the stalling AOA, known as
C_.max critical AOA. Examine Figure 5-5, noting how the
C, increases until the critical AOA is reached, then decreases
rapidly with any further increase in the AOA.

Before proceeding further with the topic of lift and how it
can be controlled, velocity must be discussed. The shape of
the wing or rotor cannot be effective unless it continually
keeps “attacking” new air. If an aircraft is to keep flying, the
lift-producing airfoil must keep moving. In a helicopter or
gyroplane, this is accomplished by the rotation of the rotor
blades. For other types of aircraft, such as airplanes, weight-
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Figure 5-3. Angle of attack at various speeds.
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Figure 5-4. Some aircraft have the ability to change the direction of thrust.

shift control, or gliders, air must be moving across the lifting
surface. This is accomplished by the forward speed of the
aircraft. Lift is proportional to the square of the aircraft’s
velocity. For example, an airplane traveling at 200 knots has
four times the lift as the same airplane traveling at 100 knots,
if the AOA and other factors remain constant.

_ CL ‘p- V2 .S

L= 2

The above lift equation exemplifies this mathematically
and supports that doubling of the airspeed will result in four
times the lift. As a result, one can see that velocity is an
important component to the production of lift, which itself
can be affected through varying AOA. When examining the
equation, lift (L) is determined through the relationship of the
air density (p), the airfoil velocity (V), the surface area of the
wing (S) and the coefficient of lift (C,) for a given airfoil.

Taking the equation further, one can see an aircraft could
not continue to travel in level flight at a constant altitude and
maintain the same AOA if the velocity is increased. The lift
would increase and the aircraft would climb as a result of
the increased lift force or speed up. Therefore, to keep the
aircraft straight and level (not accelerating upward) and in a
state of equilibrium, as velocity is increased, lift must be kept
constant. This is normally accomplished by reducing the AOA
by lowering the nose. Conversely, as the aircraft is slowed, the
decreasing velocity requires increasing the AOA to maintain
lift sufficient to maintain flight. There is, of course, a limit to
how far the AOA can be increased, if a stall is to be avoided.

All other factors being constant, for every AOA there is
a corresponding airspeed required to maintain altitude in
steady, unaccelerated flight (true only if maintaining level
flight). Since an airfoil always stalls at the same AOA, if
increasing weight, lift must also be increased. The only
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Figure 5-5. Coefficients of lift and drag at various angles of attack.
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method of increasing lift is by increasing velocity if the AOA
is held constant just short of the “critical,” or stalling, AOCA
(assuming no flaps or other high lift devices).

Lift and drag also vary directly with the density of the air.
Density is affected by several factors: pressure, temperature,
and humidity. At an altitude of 18,000 feet, the density of
the air has one-half the density of air at sea level. In order to
maintain its lift at a higher altitude, an aircraft must fly at a
greater true airspeed for any given AOA.

Warm air is less dense than cool air, and moist air is less
dense than dry air. Thus, on a hot humid day, an aircraft
must be flown at a greater true airspeed for any given AOA
than on a cool, dry day.

If the density factor is decreased and the total lift must equal
the total weight to remain in flight, it follows that one of the
other factors must be increased. The factor usually increased
is the airspeed or the AOA because these are controlled
directly by the pilot.

Lift varies directly with the wing area, provided there is no
change in the wing’s planform. If the wings have the same
proportion and airfoil sections, a wing with a planform area
of 200 square feet lifts twice as much at the same AOA as a
wing with an area of 100 square feet.

Two major aerodynamic factors from the pilot’s viewpoint
are lift and airspeed because they can be controlled readily
and accurately. Of course, the pilot can also control density by
adjusting the altitude and can control wing area if the aircraft
happens to have flaps of the type that enlarge wing area.
However, for most situations, the pilot controls lift and airspeed
to maneuver an aircraft. For instance, in straight-and-level flight,
cruising along at a constant altitude, altitude is maintained by
adjusting lift to match the aircraft’s velocity or cruise airspeed,
while maintaining a state of equilibrium in which lift equals
weight. In an approach to landing, when the pilot wishes to
land as slowly as practical, it is necessary to increase AOA near
maximum to maintain lift equal to the weight of the aircraft.

Lift/Drag Ratio

The lift-to-drag ratio (L/D) is the amount of lift generated by
awing or airfoil compared to its drag. A ratio of L/D indicates
airfoil efficiency. Aircraft with higher L/D ratios are more
efficient than those with lower L/D ratios. In unaccelerated
flight with the lift and drag data steady, the proportions of
the coefficient of lift (C,) and coefficient of drag (Cp) can
be calculated for specific AOA. [Figure 5-5]

The coefficient of lift is dimensionless and relates the lift
generated by a lifting body, the dynamic pressure of the fluid

flow around the body, and a reference area associated with
the body. The coefficient of drag is also dimensionless and is
used to quantify the drag of an object in a fluid environment,
such as air, and is always associated with a particular surface
area.

The L/D ratio is determined by dividing the C by the Cp,
which is the same as dividing the lift equation by the drag
equation as all of the variables, aside from the coefficients,
cancel out. The lift and drag equations are as follows (L =
Lift in pounds; D = Drag; C, = coefficient of lift; p = density
(expressed in slugs per cubic feet); V = velocity (in feet per
second); q = dynamic pressure per square foot (q = % pv?);
S =the area of the lifting body (in square feet); and
Cp = Ratio of drag pressure to dynamic pressure):
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Typically at low AOA, the coefficient of drag is low and
small changes in AOA create only slight changes in the
coefficient of drag. At high AOA, small changes in the AOA
cause significant changes in drag. The shape of an airfoil, as
well as changes in the AOA, affects the production of lift.

Notice in Figure 5-5 that the coefficient of lift curve (red)
reaches its maximum for this particular wing section at 20°
AOA and then rapidly decreases. 20° AOA is therefore the
critical angle of attack. The coefficient of drag curve (orange)
increases very rapidly from 14° AOA and completely
overcomes the lift curve at 21° AOA. The lift/drag ratio
(green) reaches its maximum at 6° AOA, meaning that at this
angle, the most lift is obtained for the least amount of drag.

Note that the maximum lift/drag ratio (L/Dyax) occurs at
one specific C,_and AOA. If the aircraft is operated in steady
flight at L/Dyax, the total drag is at a minimum. Any AOA
lower or higher than that for L/Dyax reduces the L/D and
consequently increases the total drag for a given aircraft’s

Drag

Total drag

Minimum
drag

Airspeed

Figure 5-6. Drag versus speed.
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lift. Figure 5-6 depicts the L/Dyax by the lowest portion of
the blue line labeled “total drag.” The configuration of an
aircraft has a great effect on the L/D.

Drag

Drag is the force that resists movement of an aircraft through
the air. There are two basic types: parasite drag and induced
drag. The first is called parasite because it in no way functions
to aid flight, while the second, induced drag, is a result of an
airfoil developing lift.

Parasite Drag

Parasite drag is comprised of all the forces that work to slow
an aircraft’s movement. As the term parasite implies, it is the
drag that is not associated with the production of lift. This
includes the displacement of the air by the aircraft, turbulence
generated in the airstream, or a hindrance of air moving over
the surface of the aircraft and airfoil. There are three types of
parasite drag: form drag, interference drag, and skin friction.

Form Drag

Form drag is the portion of parasite drag generated by the
aircraft due to its shape and airflow around it. Examples include
the engine cowlings, antennas, and the aerodynamic shape of
other components. When the air has to separate to move around
a moving aircraft and its components, it eventually rejoins
after passing the body. How quickly and smoothly it rejoins is
representative of the resistance that it creates, which requires
additional force to overcome. [Figure 5-7]

Notice how the flat plate in Figure 5-7 causes the air to swirl
around the edges until it eventually rejoins downstream. Form
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drag is the easiest to reduce when designing an aircraft. The
solution is to streamline as many of the parts as possible.

Interference Drag

Interference drag comes from the intersection of airstreams
that creates eddy currents, turbulence, or restricts smooth
airflow. For example, the intersection of the wing and the
fuselage at the wing root has significant interference drag.
Air flowing around the fuselage collides with air flowing over
the wing, merging into a current of air different from the two
original currents. The most interference drag is observed when
two surfaces meet at perpendicular angles. Fairings are used
to reduce this tendency. If a jet fighter carries two identical
wing tanks, the overall drag is greater than the sum of the
individual tanks because both of these create and generate
interference drag. Fairings and distance between lifting
surfaces and external components (such as radar antennas
hung from wings) reduce interference drag. [Figure 5-8]

Skin Friction Drag

Skin friction drag is the aerodynamic resistance due to the
contact of moving air with the surface of an aircraft. Every
surface, no matter how apparently smooth, has a rough,
ragged surface when viewed under a microscope. The air
molecules, which come in direct contact with the surface of
the wing, are virtually motionless. Each layer of molecules
above the surface moves slightly faster until the molecules
are moving at the velocity of the air moving around the
aircraft. This speed is called the free-stream velocity. The area
between the wing and the free-stream velocity level is about as
wide as a playing card and is called the boundary layer. At the
top of the boundary layer, the molecules increase velocity and
move at the same speed as the molecules outside the boundary
layer. The actual speed at which the molecules move depends
upon the shape of the wing, the viscosity (stickiness) of
the air through which the wing or airfoil is moving, and its
compressibility (how much it can be compacted).

d A

Figure 5-7. Form drag.

5-6

Figure 5-8. A wing root can cause interference drag.



The airflow outside of the boundary layer reacts to the
shape of the edge of the boundary layer just as it would
to the physical surface of an object. The boundary layer
gives any object an “effective” shape that is usually slightly
different from the physical shape. The boundary layer may
also separate from the body, thus creating an effective shape
much different from the physical shape of the object. This
change in the physical shape of the boundary layer causes a
dramatic decrease in lift and an increase in drag. When this
happens, the airfoil has stalled.

In order to reduce the effect of skin friction drag, aircraft
designers utilize flush mount rivets and remove any
irregularities that may protrude above the wing surface. In
addition, a smooth and glossy finish aids in transition of
air across the surface of the wing. Since dirt on an aircraft
disrupts the free flow of air and increases drag, keep the
surfaces of an aircraft clean and waxed.

Induced Drag

The second basic type of drag is induced drag. It is an
established physical fact that no system that does work in the
mechanical sense can be 100 percent efficient. This means
that whatever the nature of the system, the required work
is obtained at the expense of certain additional work that is
dissipated or lost in the system. The more efficient the system,
the smaller this loss.

In level flight, the aerodynamic properties of a wing or rotor
produce a required lift, but this can be obtained only at the
expense of a certain penalty. The name given to this penalty
is induced drag. Induced drag is inherent whenever an airfoil
is producing lift and, in fact, this type of drag is inseparable
from the production of lift. Consequently, it is always present
if lift is produced.

An airfoil (wing or rotor blade) produces the lift force by
making use of the energy of the free airstream. Whenever
an airfoil is producing lift, the pressure on the lower surface
of it is greater than that on the upper surface (Bernoulli’s
Principle). As a result, the air tends to flow from the high
pressure area below the tip upward to the low pressure area
on the upper surface. In the vicinity of the tips, there is a
tendency for these pressures to equalize, resulting in a lateral
flow outward from the underside to the upper surface. This
lateral flow imparts a rotational velocity to the air at the tips,
creating vortices that trail behind the airfoil.

When the aircraft is viewed from the tail, these vortices
circulate counterclockwise about the right tip and clockwise
about the left tip. [Figure 5-9] As the air (and vortices) roll off
the back of your wing, they angle down, which is known as
downwash. Figure 5-10 shows the difference in downwash at

Figure 5-9. Wingtip vortex from a crop duster.

altitude versus near the ground. Bearing in mind the direction
of rotation of these vortices, it can be seen that they induce
an upward flow of air beyond the tip and a downwash flow
behind the wing’s trailing edge. This induced downwash has
nothing in common with the downwash that is necessary to
produce lift. It is, in fact, the source of induced drag.

Downwash points the relative wind downward, so the more
downwash you have, the more your relative wind points
downward. That's important for one very good reason: lift is
always perpendicular to the relative wind. In Figure 5-11, you
can see that when you have less downwash, your lift vector
is more vertical, opposing gravity. And when you have more
downwash, your lift vector points back more, causing induced
drag. On top of that, it takes energy for your wings to create
downwash and vortices, and that energy creates drag.

Figure 5-10. The difference in wingtip vortex size at altitude versus
near the ground.
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Figure 5-11. The difference in downwash at altitude versus near
the ground.

The greater the size and strength of the vortices and
consequent downwash component on the net airflow over
the airfoil, the greater the induced drag effect becomes. This
downwash over the top of the airfoil at the tip has the same
effect as bending the lift vector rearward; therefore, the lift
is slightly aft of perpendicular to the relative wind, creating
a rearward lift component. This is induced drag.

In order to create a greater negative pressure on the top of an
airfoil, the airfoil can be inclined to a higher AOA. If the AOA
of asymmetrical airfoil were zero, there would be no pressure
differential, and consequently, no downwash component and
no induced drag. In any case, as AOA increases, induced
drag increases proportionally. To state this another way—the
lower the airspeed, the greater the AOA required to produce
lift equal to the aircraft’s weight and, therefore, the greater
induced drag. The amount of induced drag varies inversely
with the square of the airspeed.

Conversely, parasite drag increases as the square of the
airspeed. Thus, in steady state, as airspeed decreases to
near the stalling speed, the total drag becomes greater, due
mainly to the sharp rise in induced drag. Similarly, as the
aircraft reaches its never-exceed speed (Vg), the total drag
increases rapidly due to the sharp increase of parasite drag.
As seen in Figure 5-6, at some given airspeed, total drag is
at its minimum amount. In figuring the maximum range of
aircraft, the thrust required to overcome drag is ata minimum
if drag is at a minimum. The minimum power and maximum
endurance occur at a different point.

5-8

Weight

Gravity is the pulling force that tends to draw all bodies to
the center of the earth. The CG may be considered as a point
at which all the weight of the aircraft is concentrated. If the
aircraft were supported at its exact CG, it would balance in
any attitude. It will be noted that CG is of major importance in
an aircraft, for its position has a great bearing upon stability.
The allowable location of the CG is determined by the general
design of each particular aircraft. The designers determine
how far the center of pressure (CP) will travel. It is important
to understand that an aircraft’s weight is concentrated at the
CG and the aerodynamic forces of lift occur at the CP. When
the CG is forward of the CP, there is a natural tendency for the
aircraft to want to pitch nose down. If the CP is forward of
the CG, a nose up pitching moment is created. Therefore,
designers fix the aft limit of the CG forward of the CP for the
corresponding flight speed in order to retain flight equilibrium.

Weight has a definite relationship to lift. This relationship
is simple, but important in understanding the aerodynamics
of flying. Lift is the upward force on the wing acting
perpendicular to the relative wind and perpendicular to
the aircraft’s lateral axis. Lift is required to counteract the
aircraft’s weight. In stabilized level flight, when the lift force is
equal to the weight force, the aircraft is in a state of equilibrium
and neither accelerates upward or downward. If lift becomes
less than weight, the vertical speed will decrease. When lift is
greater than weight, the vertical speed will increase.

Wingtip Vortices

Formation of Vortices

The action of the airfoil that gives an aircraft lift also causes
induced drag. When an airfoil is flown at a positive AOA,
a pressure differential exists between the upper and lower
surfaces of the airfoil. The pressure above the wing is less
than atmospheric pressure and the pressure below the wing
is equal to or greater than atmospheric pressure. Since air
always moves from high pressure toward low pressure,
and the path of least resistance is toward the airfoil’s tips,
there is a spanwise movement of air from the bottom of the
airfoil outward from the fuselage around the tips. This flow
of air results in “spillage” over the tips, thereby setting up a
whirlpool of air called a vortex. [Figure 5-12]

At the same time, the air on the upper surface has a tendency
to flow in toward the fuselage and off the trailing edge. This
air current forms a similar vortex at the inboard portion of the
trailing edge of the airfoil, but because the fuselage limits the
inward flow, the vortex is insignificant. Consequently, the
deviation in flow direction is greatest at the outer tips where
the unrestricted lateral flow is the strongest.



Figure 5-12. Wingtip vortices.

As the air curls upward around the tip, it combines with the
downwash to form a fast-spinning trailing vortex. These
vortices increase drag because of energy spent in producing
the turbulence. Whenever an airfoil is producing lift, induced
drag occurs and wingtip vortices are created.

Just as lift increases with an increase in AOA, induced
drag also increases. This occurs because as the AOA is
increased, there is a greater pressure difference between the
top and bottom of the airfoil, and a greater lateral flow of air;
consequently, this causes more violent vortices to be set up,
resulting in more turbulence and more induced drag.

In Figure 5-12, it is easy to see the formation of wingtip
vortices. The intensity or strength of the vortices is directly
proportional to the weight of the aircraft and inversely
proportional to the wingspan and speed of the aircraft. The
heavier and slower the aircraft, the greater the AOA and the
stronger the wingtip vortices. Thus, an aircraft will create
wingtip vortices with maximum strength occurring during
the takeoff, climb, and landing phases of flight. These

vortices lead to a particularly dangerous hazard to flight,
wake turbulence.

Avoiding Wake Turbulence

Wingtip vortices are greatest when the generating aircraft is
“heavy, clean, and slow.” This condition is most commonly
encountered during approaches or departures because an
aircraft’s AOA is at the highest to produce the lift necessary
to land or take off. To minimize the chances of flying through
an aircraft’s wake turbulence:

*  Avoid flying through another aircraft’s flight path.

»  Rotate prior to the point at which the preceding aircraft
rotated when taking off behind another aircraft.

» Avoid following another aircraft on a similar flight
path at an altitude within 1,000 feet. [Figure 5-13]

e Approach the runway above a preceding aircraft’s
path when landing behind another aircraft and touch
down after the point at which the other aircraft wheels
contacted the runway. [Figure 5-14]

A hovering helicopter generates a down wash from its main
rotor(s) similar to the vortices of an airplane. Pilots of small
aircraft should avoid a hovering helicopter by at least three
rotor disc diameters to avoid the effects of this down wash. In
forward flight, this energy is transformed into a pair of strong,
high-speed trailing vortices similar to wing-tip vortices of larger
fixed-wing aircraft. Helicopter vortices should be avoided
because helicopter forward flight airspeeds are often very
slow and can generate exceptionally strong wake turbulence.

Wind is an important factor in avoiding wake turbulence
because wingtip vortices drift with the wind at the speed of the
wind. For example, awind speed of 10 knots causes the vortices
to drift at about 1,000 feet in a minute in the wind direction.
When following another aircraft, a pilot should consider wind
speed and direction when selecting an intended takeoff or
landing point. If a pilot is unsure of the other aircraft’s takeoff
or landing point, approximately 3 minutes provides a margin of
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Figure 5-13. Avoid following another aircraft at an altitude within 1,000 feet.
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Figure 5-15. When the vortices of larger aircraft sink close to the ground (within 100 to 200 feet), they tend to move laterally over the
ground at a speed of 2 or 3 knots (top). A crosswind will decrease the lateral movement of the upwind vortex and increase the movement
of the downwind vortex. Thus a light wind with a cross runway component of 1 to 5 knots could result in the upwind vortex remaining in
the touchdown zone for a period of time and hasten the drift of the downwind vortex toward another runway (bottom).
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safety that allows wake turbulence dissipation. [Figure 5-15]
For more information on wake turbulence, see Advisory
Circular (AC) 90-23, Aircraft Wake Turbulence.

Ground Effect

Ever since the beginning of manned flight, pilots realized
that just before touchdown it would suddenly feel like the
aircraft did not want to go lower, and it would just want to go
on and on. This is due to the air that is trapped between the
wing and the landing surface, as if there were an air cushion.
This phenomenon is called ground effect.

When an aircraft in flight comes within several feet of the
surface, ground or water, a change occurs in the three-
dimensional flow pattern around the aircraft because the
vertical component of the airflow around the wing is
restricted by the surface. This alters the wing’s upwash,
downwash, and wingtip vortices. [Figure 5-16] Ground
effect, then, is due to the interference of the ground (or water)
surface with the airflow patterns about the aircraft in flight.
While the aerodynamic characteristics of the tail surfaces
and the fuselage are altered by ground effect, the principal
effects due to proximity of the ground are the changes in
the aerodynamic characteristics of the wing. As the wing
encounters ground effect and is maintained at a constant
AOA, there is consequent reduction in the upwash,
downwash, and wingtip vortices.

Induced drag is a result of the airfoil’s work of sustaining
the aircraft, and a wing or rotor lifts the aircraft simply by
accelerating a mass of air downward. It is true that reduced
pressure on top of an airfoil is essential to lift, but that is
only one of the things contributing to the overall effect of
pushing an air mass downward. The more downwash there
is, the harder the wing pushes the mass of air down. At high
angles of attack, the amount of induced drag is high; since this
corresponds to lower airspeeds in actual flight, it can be said
that induced drag predominates at low speed. However, the
reduction of the wingtip vortices due to ground effect alters

Figure 5-16. Ground effect changes airflow.

the spanwise lift distribution and reduces the induced AOA
and induced drag. Therefore, the wing will require a lower
AOA in ground effect to produce the same C, . If a constant
AOA is maintained, an increase in C, results. [Figure 5-17]

Ground effect also alters the thrust required versus velocity.
Since induced drag predominates at low speeds, the reduction
of induced drag due to ground effect will cause a significant
reduction of thrust required (parasite plus induced drag) at low
speeds. Due to the change in upwash, downwash, and wingtip
vortices, there may be a change in position (installation) error
of the airspeed system associated with ground effect. In the
majority of cases, ground effect causes an increase in the local
pressure at the static source and produces a lower indication
of airspeed and altitude. Thus, an aircraft may be airborne at
an indicated airspeed less than that normally required.

In order for ground effect to be of significant magnitude, the
wing must be quite close to the ground. One of the direct
results of ground effect is the variation of induced drag with
wing height above the ground at a constant C_. When the
wing is at a height equal to its span, the reduction in induced
drag is only 1.4 percent. However, when the wing is at a
height equal to one-fourth its span, the reduction in induced
drag is 23.5 percent and, when the wing is at a height equal
to one-tenth its span, the reduction in induced drag is 47.6
percent. Thus, a large reduction in induced drag takes place
only when the wing is very close to the ground. Because of
this variation, ground effect is most usually recognized during
the liftoff for takeoff or just prior to touchdown when landing.
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Figure 5-17. Ground effect changes drag and lift.
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During the takeoff phase of flight, ground effect produces
some important relationships. An aircraft leaving ground
effect after takeoff encounters just the reverse of an aircraft
entering ground effect during landing. The aircraft leaving
ground effect will:

e Require an increase in AOA to maintain the same C,

» Experience an increase in induced drag and thrust
required

e Experience a decrease in stability and a nose-up
change in moment

»  Experience a reduction in static source pressure and
increase in indicated airspeed

Ground effect must be considered during takeoffs and landings.
For example, if a pilot fails to understand the relationship
between the aircraft and ground effect during takeoff, a
hazardous situation is possible because the recommended
takeoff speed may not be achieved. Due to the reduced drag
in ground effect, the aircraft may seem capable of takeoff well
below the recommended speed. As the aircraft rises out of
ground effect with a deficiency of speed, the greater induced
drag may result in marginal initial climb performance. In
extreme conditions, such as high gross weight, high density
altitude, and high temperature, a deficiency of airspeed during
takeoff may permit the aircraft to become airborne but be
incapable of sustaining flight out of ground effect. In this case,
the aircraft may become airborne initially with a deficiency
of speed and then settle back to the runway.

A pilot should not attempt to force an aircraft to become
airborne with a deficiency of speed. The manufacturer’s
recommended takeoff speed is necessary to provide adequate
initial climb performance. It is also important that a definite
climb be established before a pilot retracts the landing gear
or flaps. Never retract the landing gear or flaps prior to

establishing a positive rate of climb and only after achieving
a safe altitude.

If, during the landing phase of flight, the aircraft is brought
into ground effect with a constant AOA, the aircraft
experiences an increase in C, and a reduction in the thrust
required, and a “floating” effect may occur. Because of the
reduced drag and lack of power-off deceleration in ground
effect, any excess speed at the point of flare may incur a
considerable “float” distance. As the aircraft nears the point
of touchdown, ground effect is most realized at altitudes less
than the wingspan. During the final phases of the approach
as the aircraft nears the ground, a reduction of power is
necessary to offset the increase in lift caused from ground
effect otherwise the aircraft will have a tendency to climb
above the desired glidepath (GP).

AXxes of an Aircraft

The axes of an aircraft are three imaginary lines that pass
through an aircraft’s CG. The axes can be considered as
imaginary axles around which the aircraft turns. The three
axes pass through the CG at 90° angles to each other. The
axis passes through the CG and parallel to a line from nose
to tail is the longitudinal axis, the axis that passes parallel
to a line from wingtip to wingtip is the lateral axis, and the
axis that passes through the CG at right angles to the other
two axes is the vertical axis. Whenever an aircraft changes
its flight attitude or position in flight, it rotates about one or
more of the three axes. [Figure 5-18]

The aircraft’s motion about its longitudinal axis resembles
the roll of a ship from side to side. In fact, the names
used to describe the motion about an aircraft’s three axes
were originally nautical terms. They have been adapted to
aeronautical terminology due to the similarity of motion of
aircraft and seagoing ships. The motion about the aircraft’s
longitudinal axis is “roll,” the motion about its lateral axis is

( Pitching
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Figure 5-18. Axes of an airplane.
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“pitch,” and the motion about its vertical axis is “yaw.” Yaw
is the left and right movement of the aircraft’s nose.

The three motions of the conventional airplane (roll, pitch,
and yaw) are controlled by three control surfaces. Roll is
controlled by the ailerons; pitch is controlled by the elevators;
yaw is controlled by the rudder. The use of these controls
is explained in Chapter 6, Flight Controls. Other types of
aircraft may utilize different methods of controlling the
movements about the various axes.

For example, weight-shift control aircraft control two axes
(roll and pitch) using an “A” frame suspended from the
flexible wing attached to a three-wheeled carriage. These
aircraft are controlled by moving a horizontal bar (called a
control bar) in roughly the same way hang glider pilots fly.
[Figure 5-19] They are termed weight-shift control aircraft
because the pilot controls the aircraft by shifting the CG.
For more information on weight-shift control aircraft, see
the Federal Aviation Administration (FAA) Weight-Shift
Control Flying Handbook, FAA-H-8083-5. In the case of
powered parachutes, aircraft control is accomplished by
altering the airfoil via steering lines.

A powered parachute wing is a parachute that has a cambered
upper surface and a flatter under surface. The two surfaces are
separated by ribs that act as cells, which open to the airflow
at the leading edge and have internal ports to allow lateral
airflow. The principle at work holds that the cell pressure is
greater than the outside pressure, thereby forming a wing that
maintains its airfoil shape in flight. The pilot and passenger
sit in tandem in front of the engine, which is located at the
rear of a vehicle. The airframe is attached to the parachute
via two attachment points and lines. Control is accomplished
by both power and the changing of the airfoil via the control
lines. [Figure 5-20]

Figure 5-19. A weight-shift control aircraft.

Figure 5-20. A powered parachute.

Moment and Moment Arm

A study of physics shows that a body that is free to rotate
will always turn about its CG. In aerodynamic terms, the
mathematical measure of an aircraft’s tendency to rotate
about its CG is called a “moment.” A moment is said to be
equal to the product of the force applied and the distance at
which the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>