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Preface

The Powered Parachute Flying Handbook is designed as a technical manual for applicants who are preparing
for a powered parachute category rating and for currently certificated powered parachute pilots who wish to
improve their knowledge. Certificated flight instructors will find this handbook a valuable training aid, since
detailed coverage of emergency procedures, components and systems, acrodynamics, powerplants, ground op-
erations, flight maneuvers, airport operations, and aeronautical decision making is included. Topics, such as
navigation and communication, use of flight information publications, and regulations are available in other
Federal Aviation Administration (FAA) publications.

This handbook conforms to pilot training and certification concepts established by the FAA. There are different
ways of teaching, as well as performing flight procedures and maneuvers, and many variations in the explana-
tions of aerodynamic theories and principles. This handbook adopts a selective method and concept of flying
powered parachutes. The discussion and explanations reflect the most commonly used practices and principles.
Occasionally the word “must” or similar language is used where the desired action is deemed critical. The use
of such language is not intended to add to, interpret, or relieve a duty imposed by Title 14 of the Code of Federal
Regulations (14 CFR).

It is essential for persons using this handbook to also become familiar with and apply the pertinent parts of
14 CFR, the Aeronautical Information Manual (AIM), and the Pilot’s Handbook of Aeronautical Knowledge
(FAA-H-8083-25), all of which are available online at www.faa.gov. Performance standards for demonstrating
competence required for pilot certification are prescribed in the appropriate powered parachute practical test
standard (PTS).

The current Flight Standards Service airman training and testing material and subject matter knowledge codes
for all airman certificates and ratings can be obtained from the FAA web site www.faa.gov.

The FAA greatly acknowledges the valuable assistance provided by many individuals and organizations through-
out the aviation community whose expertise contributed to the preparation of this handbook.

This handbook may be purchased from the Superintendent of Documents, U.S. Government Printing Office
(GPO), Washington, DC 20402-9325, or from GPO’s web site.

http://bookstore.gpo.gov

This handbook is also available for download, in pdf format, from the Regulatory Support Division’s (AFS-600)
web site.

http://www.faa.gov/about/office_org/headquarters_offices/avs/offices/afs/afs600

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

Comments regarding this publication should be sent, in email form, to the following address.

AFS630Comments@faa.gov
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History of the Powered Parachute

As early as the 12th century, the Chinese used an um-
brella-shape parachute design for recreation. About
300 years later, Leonardo da Vinci blueprinted a pyra-
mid-shaped parachute. In the late 18th century, man
jumped from towers and balloons with a parachute.
The first parachute jump from an airplane occurred
in 1912.

After World War II, sport jumping became a recre-
ational activity. The sport started with round para-
chutes, ranging in size from 20 to 30 feet in diameter.
Parachutes evolved into a steerable, gliding wing
smaller than today’s rectangular ram-air powered
parachute (PPC) wing which is approximately 38 feet
wide.

On October 1, 1964, Domina C. Jalbert applied for
a patent for his “Multi-Cell Wing” named “Parafoil”
(also known as a “ram-air” wing), which was a new
parachute design. His ideas were registered as a U.S.
patent on November 15,1966. [Figure 1-1 A] Howev-

er, in 1964 Lowell Farrand had already flown a motor-
ized version called “The Irish Flyer” by Nicolaides.
[Figure 1-1 B] Farrand was the first person to put an
engine on a ram-air inflated parachute wing, starting
the evolution of the powered parachute with the Irish
Flyer. This wing evolved into today’s modern pow-
ered parachute canopies, which include rectangular,

elliptical, semi-elliptical, and hybrid wings.

The United States (U.S.) government had a number
of test programs that used the square parachute as a
means to glide spacecraft back to earth or glide pay-
loads dropped out of airplanes to a specific location.

Two-place powered parachutes have years of testing,
development, and evolution. Training exemptions to
Title 14 of the Code of Federal Regulations (14 CFR)
part 103, Ultralight Vehicles, permitted individuals
to give instruction in two-place ultralight vehicles,
instead of being restricted to vehicles intended for
single occupants. [Figure 1-1 C] The Federal Avia-
tion Administration (FAA) allowed ultralight vehicle

D C. JALBERT
LULTI-CELL ZING TYPE AERIAL DEVICE

Griginal Filed Oct. 1, 1964 2 throtes-Shest 1

Re. 26,427

A

Figure 1-1. The evolution of powered parachutes.
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Figure 1-2. Two-place powered parachute aircraft.

pilots to train in two-place ultralights until January
31, 2008. After this date, the ultralight vehicle train-
ing exemption expires and only N-numbered aircraft
may be used in two-place PPC instruction and flight.
[Figure 1-1 D]

Powered Parachute Terms

Different terms have been used throughout the pow-
ered parachute community. [Figure 1-2] The terms
standardized throughout this book are as follows:

» Powered Parachute — The complete aircraft.

 Cart — The engine and seats, attached by a
structure to wheels; may also be referred to as
the fuselage, cockpit, chaise, or airframe.

* Wing — Typically a ram-air inflated and
pressurized wing including lines that attach to
the cart. The wing is not in position to fly until
the aircraft is in motion; when not inflated,
referred to as a parachute or chute.

Introduction to the Powered
Parachute

The powered parachute is a category of aircraft that
flies in a manner unique among light-sport aircraft.
Three significant differences separate the PPC from
other types of light sport aircraft (LSA): [Figure 1-3]

1. The wing must be inflated and pressurized by
ram air prior to each takeoff.

2. The aircraft uses a pendulum configuration,
where the cart hangs about 20 feet below the
wing, connected via flexible suspension lines.

3. The wing is at a relatively fixed angle with the
suspension lines and flies at a relatively constant
speed. Other aircraft categories allow pilots to
change the speed of the aircraft, but the powered
parachute airspeed remains within a very small
range.

A powered parachute can be a single place ultralight
flying vehicle, a single place light-sport aircraft, or
a multi-place light-sport aircraft. The common ac-
ronyms for this vehicle/aircraft are PPC (powered
parachute), PPCL (powered parachute land) or PPCS
(powered parachute sea).

A light-sport aircraft PPC used for sport and private
flying must be registered with an FAA N-number,
have an airworthiness certificate, a pilot’s operating
handbook (POH), and/or limitations with a weight
and balance document aboard. The aircraft must be
maintained properly by the aircraft owner or other
qualified personnel and have the aircraft logbooks
available for inspection. Dual controls are required in
the aircraft for training.

Powered Parachute Pilot Certificate
Eligibility Requirements

You may not act as pilot in command (PIC) of a light-
sport aircraft powered parachute unless you hold
a pilot certificate with a powered parachute rating
issued by the FAA. At this time the only pilot cer-

Figure 1-3. The powered parachute has some unique operating characteristics as compared to other light-sport aircraft.
Left, PPC with inflated wing; middle, weight-shift control aircraft; right, fixed-wing LSA.

1-2
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tificates with powered parachute ratings are Student,
Sport and Private. The FAA is empowered by the U.S.
Congress to promote aviation safety by prescribing
safety standards for pilots and the other civil aviation
programs. The Code of Federal Regulations (CFRs),
formerly referred to as Federal Aviation Regulations
(FARs), are one of the primary means of conveying
these safety standards.

Title 14 CFR, part 61 specifies the requirements to
earn a pilot certificate. This regulation also states the
pilot applicant must be able to read, speak, write, and
understand the English language. The FAA Practical
Test Standards (PTS) establish the standards for the
knowledge and skills necessary for the issuance of
a pilot certificate. [Figure 1-4] You should reference
both these documents to understand the knowledge,
skills and experience required to obtain a pilot certifi-
cate to fly a powered parachute.

FAA-5-8081-31

SPORT PILOT
Practical Test Standards
for

« Weight Shift Control
+ Powered Parachute
+ Flight Instructor

FLIGHT STANDARDS SERVICE
‘Washington, DC 20591

Figure 1-4. The PTS is used to test the knowledge and skill
of a pilot applicant.

Pilot applicants must have a valid U.S. driver’s license
or a current third-class medical certificate issued un-
der 14 CFR part 67. If you use your valid driver’s
license to exercise the privileges of a Sport Pilot cer-
tificate, then you must also adhere to any restrictions
on that driver’s license. You must hold a current third-
class medical certificate to exercise the privileges of a
Private Pilot certificate.

The process of learning to fly includes a combination
of ground training (to include successful completion
of the FAA Knowledge Exam) and flight training to
include dual flights with a certified flight instructor

(CFI), as well as solo flights under the supervision of
your CFL.

To be eligible to fly solo in a PPC, you must be at
least 16 years of age and demonstrate satisfactory
aeronautical knowledge on a test developed by your
instructor. You must have received and logged flight
training for the maneuvers and procedures in 14 CFR
part 61 for the PPC, as well as demonstrated satis-
factory proficiency and safety. Only after all of these
requirements are met can your instructor endorse your
student pilot certificate and logbook for solo flight.

Once you obtain the required acronautical knowledge
and experience required by 14 CFR part 61, your flight
instructor will endorse you to take a practical test (of-
ten called a “checkride”) with a sport pilot examiner
(SPE) or an FAA inspector. After you’ve demonstrat-
ed satisfactory aeronautical knowledge and skill in
the Areas of Operation and Tasks outlined in the PTS,
this examiner or inspector will issue your temporary
(paper) pilot certificate. You will receive a plastic cer-
tificate in the mail once the results of the practical test
are received by the FAA Registration branch.

A sport pilot is certified to fly a light-sport aircraft. To
be eligible for a sport pilot certificate with a powered
parachute rating, you must be at least 17 years of age,
complete the specific training and flight time require-
ments described in 14 CFR part 61 subpart J, pass the
FAA Knowledge Exam, and successfully complete
the practical test.

If you hold at least a private pilot certificate, but not
a rating for the category and class of PPC LSA, you
can operate the powered parachute with a logbook
endorsement and passing a proficiency check. [Table
1] If you hold at least a private pilot certificate with
a PPC category and class rating, and have a current

Category. A broad classification of aircraft such as
airplane, weight-shift control, powered parachute,
rotorcraft, glider, lighter-than-air.

Class. A classification of aircraft within a category
having similar operating characteristics; i.e.,
powered parachute land, powered parachute sea.

Type and make/model are the same. A specific
make and basic model of aircraft that does not change
its handling or flight characteristics; i.e., Cosmos Phase
II, Air Borne Streak, Flight Design CT, Challenger,
Quicksilver MX, Drifter, Air Creation GTE, Powrachute
Pegasus, Piper J-3 Cub, North Wing Apache, etc.

Table 1. Definitions with respect to the certification,
ratings, privileges, and limitations of airmen.

1-3
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third-class medical, then you may operate any PPC
LSA in that category and class, and do not need to
hold any of the endorsements required by Sport Pi-
lots, nor do you need to comply with the limitations
of a Sport Pilot certificate.

Note: If you hold at least a Private pilot certificate, but
not a medical certificate, you may operate as a Sport
Pilot and must comply with 14 CFR part 61 subpart J.

A Sport Pilot instructor can instruct, endorse logbooks
for privileges, and give proficiency check flights in a
LSA. To be eligible for a Sport Pilot instructor cer-
tificate, you must be at least 18 years of age and hold
at least a current and valid Sport Pilot certificate with
category and class ratings or endorsements appropri-
ate to the flight instructor privileges sought. You must
also pass the Sport Pilot instructor and fundamentals
of instructing knowledge exams and meet the experi-
ence and knowledge requirements outlined in 14 CFR
part 61.

Aeronautical Decision Making (ADM)

Your current attitude or mindset is something you, as
PIC, must constantly be alert to in order to maintain
your safety and that of the aircraft, your passenger and
the general public on the ground. To accomplish sound
aeronautical decision making (ADM), you must first
be aware of your limitations and well-being (physical
and psychological health), even before beginning the
first preflight routine. While technology is constantly
improving equipment and strengthening materials,
safe flight comes down to the decisions made by the
human pilot prior to and during flight.

The well-being of the pilot is the starting point for
the decision making processes that will occur while
in control of the aircraft. Just as physical fatigue and
illness will directly affect your judgment, so too will
your attitude management, stress management, risk
management, personality tendencies, and situational
awareness. Hence, it is the awareness of your human
factors and the knowledge of the related corrective
action that will not only improve the safety of operat-
ing a powered parachute, but will also enhance the joy
of flying. See Chapter 16 of the Pilot’s Handbook of
Aeronautical Knowledge (FAA-H-8083-25) to learn
the decision-making process, risk management tech-
niques, and hazardous attitude antidotes you should
use in all your flight operations.

The phrase “pilot error” points to the human factors
which have caused an incident or accident, including
the pilot’s failure to take appropriate action. Typical-
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ly, it is not a single decision or indecision that leads
to an accident, but most likely it is a chain of error-
related factors. This inadequate action and poor judg-
ment path is referred to as the human “error chain.”
You only need to be aware of a situation and break
one link in this error chain to improve the outcome
of a sequence of events and return to safe and secure
flight.

A good instructor will immediately begin teaching
ADM when the student has the ability to confidently
control the powered parachute during the most basic
maneuvers. During a proficiency or practical test, the
instructor or examiner will be evaluating the appli-
cant’s ability to use satisfactory ADM practices as
the pilot determines risks and coordinates safe pro-
cedures.

Resource Management

Pilots must make effective use of single-pilot resource
management (SRM): human resources (pilot, passen-
ger, maintenance personnel, and the weather briefer,
as applicable), hardware (equipment), and informa-
tion. It is similar to crew resource management (CRM)
procedures that are being emphasized in multi-crew-
member operations except only one crewmember (the
pilot) is involved. Resource management is one way
of optimizing the risk elements (the pilot, the aircraft,
the environment, and the type of flight operation).
This ability to manage the resources available to you
is as critical to the successful outcome of the flight as
your skills and procedures as a pilot.

Light-sport aircraft are flown by a single pilot. None-
theless, there are numerous resources available to that
pilot. For instance, even though the passenger is not
a pilot, he or she can be asked to assist with scanning
the skies and a possible landing location during an
emergency. Your knowledge, skills, and consistent use
of a checklist are also valuable resources. External re-
sources for the powered parachute pilot include those
that can assist with Notices to Airmen (NOTAMs)
and weather information. These resources can include
Automated Weather Observing System (AWOS), Au-
tomated Surface Observing System (ASOS), Hazard-
ous Inflight Weather Advisory Service (HIWAS), and
Flight Service Stations (FSS) 800-WX-BRIEF.



Downloaded from http://www.everyspec.com

Use of Checklists

Checklists have been the foundation of pilot standard-
ization and cockpit safety for many years. The check-
list is an aid to the fallible human memory and helps
to ensure that critical safety items are not overlooked
or forgotten. However, checklists are of no value if
the pilot is not committed to their use. Without dis-
cipline and dedication in using a checklist, the odds
favor the possibility of an error.

The importance of consistent use of checklists cannot
be overstated in pilot training. A major objective in
primary flight training is to establish habitual patterns
that will serve the pilot well throughout their entire
flying career. The flight instructor must promote a
positive attitude toward the use of checklists, and the
student pilot must realize its importance. At a mini-
mum, prepared checklists should be referenced for
the following phases of flight:

* Preflight Inspection

» Before Engine Start

* Engine Starting

 Before Kiting and Taxiing the Wing
* During the Takeoff Roll

 After Takeoff

» Before Landing

+ After Landing

* Engine Shutdown

* Postflight Inspection and Securing

Due to the open nature of the cart, you should secure
your checklist to ensure it does not get blown through
the prop. It should be attached to something (a knee-
board strapped to your leg, the instrument panel, etc.)
to eliminate the possibility of it being blown away, yet
remaining visible and easy to use.

Situational Awareness

Situational awareness is the accurate perception and
understanding of all the factors that affect the pow-
ered parachute, pilot, passenger, environment and
type of operation comprising a given situation. Main-
taining situational awareness requires an understand-
ing of the relative significance of these factors and
their future impact on the flight. When situationally
aware, the pilot has an overview of the total operation
and is not fixated on one perceived significant factor.
In addition, an awareness must be maintained of the
environmental conditions of the flight, such as spatial
orientation of the PPC, and its relationship to terrain,
traffic, weather, and airspace.

To maintain situational awareness, all of the skills in-
volved in aeronautical decision making are used. For
example, an accurate perception of pilot fitness can
be achieved through self-assessment and recognition
of hazardous attitudes. Establishing a productive rela-
tionship with pattern traffic and traffic control can be
accomplished by effective resource use.

Stress Management

Stress is part of the human process. A certain amount
of stress can be good as it keeps a person alert and
tends to prevent complacency. However, the effects
of stress are cumulative. If not coped with adequately,
eventually the stress may result in an intolerable bur-
den with negative psychological and perhaps physical
consequences. 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 is likely to be impaired by stress. Hence, the
ability to reduce high levels of cockpit stress will have
a direct correlation to aircraft safety.

Stress management in the aircraft begins by making
an assessment of stress in all areas of your life. There
are several techniques to help manage the accumu-
lation of life stresses and prevent stress overload.
For example: set realistic goals; manage time more
effectively; include relaxation time in a busy sched-
ule; maintain a weekly program of physical fitness;
and maintain flight proficiency. If stress does strike
in flight, you should try to relax, take a deep breath,
and then calmly begin to think rationally through the
resolution and decision process.

Medical Factors Related to the PPC

Medical factors, regardless of their severity, should
never be dismissed without at least a cursory consid-
eration. Even a toothache or the common cold can be
detrimental to a safe flight, especially when drugs of
any sort, even non-prescription, are taken before the
flight.

Most medical issues can be easily handled in a PPC,
but a few can have severe influences on the safety
of the flight. For instance, medical situations might
cause the muscles of the limbs to tighten or go into a
spasm. These scenarios can be deadly, such as when
the legs are pressing against a steering bar during a
seizure.

The following medical factors are not listed by impor-
tance, but by alphabetical order for easy reference.
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Alcohol

Alcohol directly affects the brain and can do so very
quickly. Some myths still surround alcohol: drink-
ing coffee can dissipate the effects, or taking a cold
shower will “sober” you up quickly. The fact is that
becoming intoxicated is determined by the amount of
alcohol in the bloodstream. Once consumed, alcohol
can enter the bloodstream—and therefore the brain—
in as quickly as 10 minutes. Once in the brain, motor
skills immediately begin to deteriorate. The com-
mon aviation saying is “8 hours bottle to throttle.”
However, depending on the metabolism of the indi-
vidual, it may be twice as long before some humans
can dissipate the negative effects of alcohol. Even in
small amounts, alcohol can affect your motor skills,
diminish your mental reasoning, decrease your sense
of responsibility, and shorten your memory. In addi-
tion, the effect of alcohol is greatly multiplied when
gaining altitude.

FAA regulations state that no one may act as a crew-
member if they have consumed alcohol within 8 hours
of flight, are under the influence of alcohol, are using
any drug affecting their faculties contrary to safety,
or if they have a blood alcohol level greater than 0.04
percent. Part 61 also states that refusal to take a drug
or alcohol test, a conviction for a violation of any
Federal or State statute relating to the operation of
a motor vehicle (that’s right—a car) while under the
influence of alcohol or a drug, or failure to provide a
written report of each motor vehicle action to the FAA
(not later than 60 days after the motor vehicle action)
are grounds for:

1. Denial of an application for any certificate,
rating, or authorization for a period of up to 1
year after the date of such refusal; or

2. Suspension or revocation of any certificate,
rating, or authorization.

Anxiety

Anxiety can cause humans to act in unpredictable and
negative ways. If your future is uncertain or an unpre-
dictable event occurs that forces you into an unknown
path, anxiety can appear. Self realization and learned
confidence through knowledge and practice are the
best ways to prepare for possible anxiety attacks.

Carbon Monoxide Poisoning

Carbon monoxide (CO) poisoning is typically not a
factor in a powered parachute, as the engine is be-
hind the pilot in the typical PPC pusher configura-
tion. However, since CO is a colorless, odorless, and
tasteless gas, you need to be alert to exposure prior
to flight.
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Dehydration

Dehydration is the critical loss of water from the body.
The first noticeable effect of dehydration is fatigue. A
powered parachute pilot is particularly susceptible to
dehydration, as they normally fly in an open cart, of-
ten exposed for hours to the direct rays of the sun. If
dehydration occurs and water is not replaced, fatigue
will progress to dizziness, weakness, nausea, tingling
of hands and feet, abdominal cramps, and extreme
thirst. It is highly recommended for PPC pilots, espe-
cially those that fly in desert regions, to carry an am-
ple supply of water and to drink regularly, regardless
of whether or not you feel thirsty. When you begin to
feel thirsty, the beginning stages of dehydration have
already started.

Drugs

One of the biggest misconceptions is the myth that
over-the-counter drugs may be taken before a flight.
A non-prescription drug does not mean it is free of
side effects that may affect your faculties. Consult a
physician about mixing flying with any drugs. Many
medications such as tranquilizers, sedatives, strong
pain relievers, and cough-suppressants have primary
effects that may impair judgment, memory, alertness,
coordination, vision, and the ability to make calcula-
tions. Others, such as antihistamines, blood pressure
drugs, muscle relaxants, and agents to control diar-
rhea and motion sickness, have side effects that may
impair the same critical functions.

Pain killers or over-the-counter analgesics, such as
Aspirin (acetylsalicylic acid), Tylenol (acetamino-
phen), and Advil (ibuprofen), have few side effects
when taken in the correct dosage. Flying is usually
not restricted when taking these drugs. However, fly-
ing is almost always precluded while using prescrip-
tion analgesics such as Darvon, Percodan, Demerol,
and codeine, since these drugs may cause side effects
such as mental confusion, dizziness, headaches, nau-
sea, and vision problems.

Regulations prohibit pilots from performing duties
while using any medication that affects their abilities
in any way contrary to safety. The safest rule is not to
fly while taking any medication, unless approved to
do so by an Aviation Medical Examiner (AME).

Middle Ear and Sinus Problems

As powered parachutes are not pressurized, atmo-
spheric pressure changes will affect pilots flying to
high altitudes. Atmospheric pressure decreases as you
ascend, and increases as you descend. The pilot’s in-
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ner ear does not always have a means to adjust its
contained air pressure to the outside or ambient air
pressure. When the pressure in the inner ear is any-
thing different than the outside air pressure, the result
can be pain as the eardrum bulges outward or inward
in reaction to the pressure differential.

To resolve this condition you need to equalize the
pressure via the eustachian tube that leads from the
middle ear to your mouth. One method of doing this
is to pinch your nostrils shut, close your mouth and
lips, and blow slowly and gently in the mouth and
nose. This procedure forces air up the eustachian tube
into the middle ear. If you have a cold, an ear infec-
tion, or sore throat, you may not be able to equalize
the pressure in your ears. A flight in this condition
can be extremely painful, as well as damaging to your
eardrums. Hence, flying is not recommended if you
have an illness with symptoms around the ears, nose
or mouth.

Fatigue

Fatigue is frequently associated with pilot error. Many
pilots do not want to readily admit that fatigue could
be a detrimental factor to their flight skills. Some of
the effects of fatigue include degradation of attention,
degradation of concentration, impaired coordination,
and decreased ability to communicate. These factors
can seriously influence a pilot’s ability to make effec-
tive decisions.

Whether you experience physical fatigue from a lack
of sleep or physical work, or mental fatigue from
stress, you should consider staying grounded.

Hyperventilation

Hyperventilation occurs when you are experiencing
emotional stress, fright, or pain, and your breathing
rate and depth increase although the carbon dioxide
(CO,) is already at a reduced level in the blood. The
result is an excessive loss of carbon dioxide from your
body, which can lead to unconsciousness due to the
respiratory system’s overriding mechanism to regain
breathing control.

The typical symptoms need to be recognized and
should not be confused with hypoxia, which shares
some indicators. Lightheadedness, feelings of suffo-
cation, and drowsiness can be some of the first signs.
Hyperventilation may produce a pale, clammy ap-
pearance and muscle spasms compared to the cya-
nosis and limp muscles associated with hypoxia. As
hyperventilation progresses, you may then feel tin-
gling in the extremities, then muscle cramps; cramps

that can be become severe and painful. If you don’t
correct your breathing, your brain will override your
consciousness, and cause you to faint, while the brain
regains control of your breathing.

Hyperventilation can occur when a pilot feels an
excessive amount of stress, fear or anxiety. An un-
expected or extreme encounter with a thermal or tur-
bulence may unconsciously increase your breathing
rate. These situations and the associated feelings tend
to increase the rate and size of breath, which then re-
sults in clearing too much CO, from the body.

The solution is to relax and slow down your breathing.
This can be accomplished by talking or singing out
loud, or breathing into a paper bag which keeps fresh
oxygenated air from further reducing the CO, in your
system. Symptoms will rapidly subside after the rate
and depth of breathing are brought under control.

Hypoxia

Hypoxia is a lack of oxygen. There are many forms of
hypoxia that are beyond the scope and need for dis-
cussion in a PPC manual, but the results from oxygen
deficiency are the impairment of the functions of the
brain and other organs. Symptoms include headache,
drowsiness, dizziness, euphoria, and blue fingernails
and lips.

The most likely cause for a PPC pilot to experience
symptoms of hypoxia would be flying too high. Un-
less you are a private pilot with a powered parachute
rating, you need to stay below 10,000 feet where you
will have less chance of experiencing hypoxia in a
PPC. However, if you are acclimated to sea level con-
ditions and climb above 8,000 feet, you may feel the
effects of hypoxia. The longer you stay at altitude,
the greater the effects of hypoxia will be. In addition,
recent consumption of alcohol, smoking, and some
medications will render a pilot more susceptible to
disorientation and hypoxia. If you question your con-
dition and consider hypoxia to be a potential problem,
you should fly at lower altitudes and/or use supple-
mental oxygen.

Motion Sickness

Motion sickness, or airsickness, is caused by the brain
receiving conflicting messages about the orientation
of the body. The inner ear—specifically the vestibular
system—is reporting one spatial orientation, and the
eyes are communicating a different scenario. This not
only causes confusion in your thinking, it may pos-
sibly create vertigo or spatial disorientation. It often
causes vomiting and a debilitating feeling. Vomiting
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is due to a nerve that is connected from the brain to the
stomach. When confusion or disagreement occurs be-
tween the eyes and the orientating vestibular system,
vomiting may erupt.

When symptoms of motion sickness begin, get back
on the ground. In the meantime, avoid unnecessary
head movements and keep your eyes on the horizon.

As the pilot, you should note if the passenger, who
had been talking throughout the flight, gets quiet. You
should ask “how are you doing” because getting quiet
is sometimes a precursor to feelings of nausea. Inform
passengers while still on the ground to let you know
if their stomach begins to feel “uneasy.”

Motion sickness can be the result of continued flight
stimulation, such as rapid or unexpected turns and
swinging through the PPC pendulum. As the pilot, you
will find a reduced rate of upset stomachs if you let the
passenger know, ahead of time, the flight maneuver
you are about to make and avoid abrupt maneuvers.

For new students, anxiety and stress may greatly con-
tribute to motion sickness. However, after a few les-
sons and some time in the air from the front seat, these
feelings/symptoms will usually dissipate.

Medication like Dramamine can be used to prevent
motion sickness/nausea in passengers, but since it
can cause drowsiness, it is not recommended for the
pilot.

Scuba Diving

Taking a flight, especially a high flight, after a deep
scuba dive can have some devastating results. This is
because the increased pressure of the water during a
dive causes nitrogen to be absorbed into the body tis-
sues and bloodstream. Then, when flying at altitudes
of reduced atmospheric pressure, the nitrogen will
move out of the bloodstream and tissues at a rapid
rate. This rapid out-gassing of nitrogen is called the
bends (as it is felt in the joints—the bending joints of
the limbs) and is painful and incapacitating.

A pilot or passenger who intends to fly after scuba
diving should allow the body sufficient time to rid it-
self of excess nitrogen that was absorbed during the
dive. If the appropriate amount of time is not allowed,
decompression sickness due to gases released in the
blood can result in a serious in-flight emergency.

As an absolute standard safety measure, any pilot fly-
ing near a large body of water should ask the passen-
ger during the preflight if he or she has recently been
scuba diving.
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The following waiting times are recommended:

Dives Not Req. | Dives Requiring
Controlled Ascent|Controlled Ascent
Flights up to A minimum A minimum
8,000 feet MSL of 12 hrs. of 24 hrs.
Flights above A minimum A minimum
8,000 feet MSL of 24 hrs. of 24 hrs.

Spatial Disorientation

Spatial disorientation is not normally associated with
slow and low (non-aerobatic) powered parachute
flights. However, it is important to know that spatial
disorientation is a condition of the body’s confusion
relative to the spatial position. This commonly results
from the eyes disagreeing with the sense of balance
(the vestibular system of the inner ear) which may
be disagreeing with the postural nerve impulses from
the pressure areas in the skin and muscles. Hence, the
brain gets conflicting spatial information. This condi-
tion is sometimes called vertigo.

The recommended procedure to deal with spatial dis-
orientation is to maintain constant, straight and level
flight via the throttle and remove all control input to
the steering controls.

Stress

Stress is a strong factor in pilot error. Stressful situ-
ations are very disruptive conditions. There are three
categories of stress: environment (physical, such as
loud noises), psychological (the loss of a loved one)
and physiological (fatigue). Any of these factors can
be influential on your mental capacities, and hence
should be given consideration when begining your
medical self-evaluation prior to preflight inspection.
Any pilot experiencing a high level of stress is not
safe and should not fly as PIC.

Stroke and Heart Attack

In the event you feel light-headed or dizzy, you
should remove your feet from an input position on
the steering controls. When you feel light-headed or
dizzy, there is a possibility this could be a prelude to
a heart attack or stroke. If you are about to experience
a medical problem of this magnitude, then you could
have a seizure or leg spasms (due to the pain from the
heart attack) and therefore, uncontrollably and with-
out intention, spiral yourself into the ground if the leg
spasm induces severe steering input.

If you don’t feel “right”— pull your feet away from
those steering controls, at least until you begin to feel
better, and then get yourself safely on the ground as
soon as possible.
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Medical Summary — “The Bottom Line”

Before even approaching the PPC, you must take a
moment to reflect upon your current medical, physi-
cal, and psychological condition. It is in this reflective
moment that you should begin to evaluate your ability
to safely conduct the flight. Once satisfied with your
self-evaluation, the preflight inspection can then con-
tinue. Using the “I’M SAFE” checklist is a smart way
to start your preflight before getting to the powered
parachute. Prior to flight, assess your fitness as well
as the aircraft’s airworthiness. [Figure 1-5]

) V' |'M SAFE CHECKLIST

liiness—Do | have any symptoms?

Medication—Have | been taking prescription or
over-the-counter drugs?

Stress—Am | under psychological pressure from
the job? Worried about financial matters, health
problems, or family discord?

Alcohol—Have | been drinking within 8 hours?
Within 24 hours?

Fatigue—Am | tired and not adequately rested?

Eating—Am | adequately nourished? %

Figure 1-5. Prior to flight you should assess your fitness,
just as you evaluate the aircraft’s airworthiness.
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Chapters 2 and 3 of the Pilot’s Handbook of Aeronau-
tical Knowledge (FAA-H-8083-25) apply to powered
parachutes and are a prerequisite to reading this book.
This chapter will focus on the aerodynamic fundamen-
tals unique to powered parachute (PPC) operations.

Aerodynamic Terms

Airfoil is the term used for surfaces on a powered
parachute that produce lift, typically the wing itself.
Although many different airfoil designs exist, all air-
foils produce lift in a similar manner.

Camber refers to the curvature of a wing when look-
ing at a cross section. A wing possesses upper cam-
ber on its top surface and lower camber on its bottom
surface. Leading edge describes the forward edge of
the airfoil. The rear edge of the airfoil is called the
trailing edge. The chord line is an imaginary straight
line drawn from the leading edge to the trailing edge.
[Figure 2-1]

Leading edge

Aord line

Flight path ||||‘|||||""

Upper camPe!

Lower camber
Trailing edge

Relative wind

Figure 2-1. Aerodynamic terms of an airfoil.

Relative wind is the direction of the airflow with re-
spect to the wing; it is usually parallel to and opposite
the PPC flight path. Relative wind may be affected
by movement of the PPC through the air, as well as by
all forms of unstable, disturbed air such as wind shear,
thermals, turbulence, and mountain rotors. When a
PPC is flying through undisturbed air, the relative
wind is parallel to and opposite the flight path.

Angle of attack is the angle between the relative wind
and the wing chord line. [Figure 2-2]

Longitudinal axis is an imaginary line about which
the aircraft rolls; it is also called the roll axis. The
longitudinal axis is not a fixed line through the cart
because the angle of incidence changes in turbulence
and with loading changes.

Angle of incidence is the angle formed by the chord
line of the wing and the longitudinal axis of the PPC
cart. The cart longitudinal axis is not the same as the
aerodynamic longitudinal axis defined in the previous
paragraph. [Figure 2-2] Unlike an airplane, the angle
of incidence can change in flight because of the flex-
ible line attachment between the wing and the cart.
Angle of incidence can change for different types of
flight configurations and PPC designs; this is covered
in detail in the “Moments” section.

Trim angle is the angle between the chord line of the
wing and the horizontal plane when the PPC is in non-
powered gliding flight. [Figure 2-3] The PPC wing is
designed at a slight angle, with the chord line inclined
downward to the horizontal plane to maintain the
manufacturer-designed angle of attack during gliding,
level and climbing flight. This “trim angle” is built
into the powered parachute by the manufacturer and
cannot be adjusted by the pilot moving the controls.

Pitch angle is the angle the PPC wing chord makes
with the horizontal plane. Pitch angle is what you can
see. Many pilots confuse the pitch angle, which you
can easily see and feel, with the angle of attack which
may not be as perceptible. [Figure 2-4] For example,
the pitch angle in an engine-out glide could be minus
8 degrees, in level flight 10 degrees above the hori-
zon, and in a climb it could be 28 degrees above the
horizon. These are significantly different angles you
easily see. Pitch angles are covered in greater detail
in Chapter 6.

Deck angle is the angle of the cart’s lower frame
(from the front wheel to the rear wheels), to the land-
ing surface. The deck on the lower part of the conven-
tional cart frame can be used to visualize deck angle.
An imaginary line between the front and back wheel
axles can also be used on unconventional carts.
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Figure 2-2. Angle of incidence.

Planform is the shape or form of a wing as viewed
from above. The PPC wing comes in two wing plan-
forms: rectangular, and elliptical. [Figure 2-5] The el-
liptical planform leading and trailing edges are curved
to form an elliptical shape when viewed from the top
or bottom. These two shapes have unique flying char-
acteristics. Rectangular wings typically produce more
drag, are lower-performance, and do not move fore
and aft, relative to the cart, as quickly as elliptical
wings. These characteristics are more obvious when
the wing is inflating, during pitch changes, and when
flying in turbulence. Rectangular wings are therefore
more stable and require less effort to fly. Elliptical
wings are higher-performance and more efficient due
to less drag. Elliptical wings react more quickly with
changing conditions and require greater pilot experi-
ence and skill during inflation, in turbulent air, and
with abrupt throttle changes.

Aspect ratio is the wingspan divided by the average
chord line. A PPC with a common 500-square foot
rectangular wing (about a 38-foot wingspan) and with
a typical mean chord line of 13 feet, would have an
average aspect ratio of about 3. This relatively low
aspect ratio is less efficient at producing lift. An ellip-
tical wing with the same 500 square feet and a 45-foot
wing span and an 11-foot average chord would have
an aspect ratio of about 4. The PPC wing is similar to
airplane wings in that the aspect ratio will differ with
the specific design mission for the aircraft. Generally,
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Figure 2-3. Angle of trim and center of pressure in gliding
flight.

rectangular wings have lower aspect ratios and lower
efficiency than the higher aspect ratio and higher effi-
ciency elliptical wings. Generally, a high aspect ratio
wing, compared to a low aspect ratio wing, produces
higher lift at lower angles of attack with less induced
drag. [Figure 2-6].
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Gliding

-
-

Low pitch and deck angles

Figure 2-4. Gliding and climbing pitch angles.

Rectangular

Elliptical

Figure 2-5. Planform view of a PPC inflated wing:
rectangular and elliptical.

Wing loading is a term associated with the total
weight the ram-air wing must support. Wing loading
is found by dividing the total weight of the aircraft, in
pounds, by the total area of the wing, in square feet.
Wing loading is found by dividing the weight of the
aircraft, in pounds, by the total area of the wing, in
square feet. For example, the wing loading would be
2.0 pounds per square foot when 1,000 pounds—a
common weight for a two-seat PPC with two people
— is under a 500-square foot wing. If flying with one
person the aircraft weight might be 700 pounds and
the wing loading would decrease to 1.4 pounds per
square foot.

Gliding flight is flying in a descent with the engine at
idle or shut off.

Powered Parachute Wing
Pressurization and Flexibility

The powered parachute has two distinctive modes: (1)
inflated, it is a ram-air wing with a curved arc—a rec-
ognizable airfoil shape; and (2) deflated, it is a canopy
that is either lying flat on the ground or packed into
a bag.

Clifnbing

High pitch and deck angles

Note: Chapter 7, Takeoffs and Departure Climbs, will
detail the methods of getting the uninflated canopy
laying on the ground turned into a flying wing. Since
the aerodynamics of the PPC do not start until the
wing is completely inflated, this chapter will assume
each reference to the PPC wing is to an inflated ram-
air wing already in the shape of an airfoil.

The powered parachute ram-air wing retains its air-
foil shape due to the air pressurizing the inside cells
via the relative wind airflow being rammed into the
front openings of the canopy —thus the term “ram-air
wing.” The pressure inside the wing is much higher
than the outside top and bottom because the dynamic
pressure from the relative wind is converted to static
pressure to pressurize the wing. The greater the speed,
the greater the pressure inside the wing and the more
rigid the wing. The cell openings are designed to be
perpendicular to the relative wind to achieve maxi-
mum pressure from the relative wind. This static in-
ternal pressure harnessed from the relative wind is
called dynamic pressure (q), and is determined by the
velocity squared times the air density factor. [Figure
2-7] Note the dynamic air pressure converted to static
pressure at point A is constant throughout the wing
points B and C. This static pressure is always greater
than the pressure outside the wing at points X and Z.

Cross-port openings are placed in the ribs of each cell,
connecting the adjoining cells. These cross-ports are
dispersed throughout the wing (with exception to the
outboard side of the end cells) to maintain positive
pressure throughout. The pressure is constant inside

2-3
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A

The relative airflow that stops at A converts the dynamic
pressure q (air velocity squared times air density factor)
into positive static pressure inside the wing. Dynamic
pressure exists at points X and Z because the air is
moving. Static pressure exists at points A, B,and C
because the air is not moving.

Figure 2-7. Dynamic pressure.

the wing because the dynamic pressure hitting the
opening is the same for each cell and the speed is
the same. The cross-ports aid the complete wing in
becoming pressurized during inflation and maintain-
ing the pressure throughout the wing in turbulence.
[Figure 2-8]

The inflatable wing airfoil generally remains a consis-
tent shape as designed by the manufacturer. However,
pilot control of the wing to make a turn significantly
changes the relative aerodynamic qualities of the PPC
wing by pulling down the trailing edge similar to a
flap on an airplane. [Figure 2-9]
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Figure 2-8. Cell openings and cross-port view.

Faster speeds from smaller wings or more weight cre-
ate a higher pressure in the wing resulting in higher
control forces because of the higher internal pressure.

Forces in Flight

Like all aircraft, the four forces that affect PPC flight
are thrust, drag, lift, and weight. [Figure 2-10] In
steady PPC flight:

1. The sum of all upward forces equals the sum of
all downward forces.

2. The sum of all forward forces equals the sum of
all backward forces.
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Figure 2-9. PPC wing flexibility in flight.

3. The sum of all moments equals zero.

THRUST — the forward force produced by a power-
plant/propeller as it forces a mass of air to the rear (usu-
ally said to act parallel to the longitudinal axis).

VS.
DRAG - the aerodynamic force acting on the airfoil
lines and cart in the same plane and in the same direc-
tion as the relative wind.

LIFT — the aerodynamic force caused by air flowing
over the wing that is perpendicular to the relative
wind.

VS.
WEIGHT - the force of gravity acting upon a body.

Lift

Lift opposes the downward force of weight and is pro-
duced by the dynamic effects of the surrounding air-
stream acting on the wing. Lift acts perpendicular to
the flight path through the wing’s center of lift. There
is a mathematical relationship between lift, angle of
attack, airspeed, altitude, and the size of the wing. In
the lift equation, these factors correspond to the terms
coefficient of lift, velocity, air density, and wing sur-
face area. The relationship is expressed in Figure 2-11.

This shows that for lift to increase, one or more of the
factors on the other side of the equation must increase.
Lift is proportional to the square of the velocity, or
airspeed, therefore, doubling airspeed quadruples the
amount of lift if everything else remains the same.
Small changes in airspeed create larger changes in
lift. Likewise, if other factors remain the same while
the coefficient of lift increases, lift also will increase.
The coefficient of lift goes up as the angle of attack
is increased. As air density increases, lift increases.
However, you will usually be more concerned with

Level Flight Force Vectors
Drag‘

Resultant
force

Center of lift \ crordline
Angle of
attack

Relative wind

Flight path

Relative wind

Thrust vector —>

Resultant

Weight force

Thrust counters drag

Figure 2-10. Level flight forces.

P
L =CV° 55
L = Lift
C, = Coefficient of lift

(This dimensionless number is the
ratio of lift pressure to dynamic
pressure and area. It is specific to
a particular airfoil shape, and
below the stall, it is proportional to
angle of attack.)

V = Velocity (Feet per second)
p = Air density (Slugs per cubic foot)

S = Wing surface area (Square feet)

Figure 2-11. The lift equation.
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how lift is diminished by reductions in air density on
a hot day, or if you are operating at higher altitudes.

All wings produce lift in two ways:

1. Airfoil shape creating a higher velocity over
the top of the wing and a lower velocity over
the bottom of the wing with Bernoulli’s venturi
effect.

2. Downward deflection of airflow because of
the curvature of the wing with the principle of
Newton’s Third Law of Motion: For every action,
there is an equal and opposite reaction.

Both principles determine the lifting force. Review
Chapter 2 in the Pilot’s Handbook of Aeronautical
Knowledge to understand Newton’s laws of motion
and force and Bernoulli’s principle of pressure.

Drag

Drag is the resistance to forward motion through the
air. Drag opposes thrust. Aerodynamic drag comes in
two forms:

1. Induced drag: a result of the wing producing lift;

2. Parasite drag: resistance to the airflow from
the cart, its occupants, suspension lines from
the wing, interference drag from objects in the
airstream, and skin friction drag of the wing.

Induced drag is the result of lift, and its amount var-
ies as discussed above for lift. Induced drag creates
organized circular vortices off the wing tips that gener-
ally track down and out from each wingtip. [Figure 2-
12] This is true for all aircraft that use wings including
PPC, weight-shift control and fixed wing aircraft. The
bigger and heavier the aircraft, the greater and more
powerful the wingtip vortices will be. This organized
swirling turbulence is an important factor to understand
for flight safety. Refer to Section 7-3 of the Aeronau-
tical Information Manual (AIM) or Chapter 12 of the
Pilot’s Handbook of Aeronautical Knowledge (FAA-H-
8083-25) for additional discussion.

Parasite drag is caused by the friction of air moving
over the structure. Just as with lift, parasite drag in-
creases as the surface area of the aircraft increases
and dramatically increases as airspeed increases,
at the square of the velocity. Therefore, doubling
the airspeed will quadruple your parasite drag.
[Figure 2-13]

The PPC has relatively slow speeds, but plenty of
items (area) for the wind to strike including wing,
lines, pilot, cart, engine, wheels, and tubes. Parasitic
drag can be reduced by streamlining the items but
since the PPC flies at relatively slow airspeeds, the
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Figure 2-12. Turbulence — induced drag wingtip vortices
— created by lift of the ram-air wing.

W
N

W

\ \\\‘ "{/«/{};\‘/ \\ '“‘

Figure 2-13. Frontal areas of the cart, wing, and occupants
are the source of parasitic drag.

extra weight, cost, and complexity of streamlining the
PPC is generally not incorporated into the design.

Total Drag is the combination of parasite and induced
drag. Total Drag = Parasitic Drag + Induced Drag

To help explain the force of drag, the mathematical
equation D =Cd - q - S is used. In this equation drag
(D) is the product of drag coefficient (Cd), dynamic
pressure (q) determined by the velocity squared times
the air density factor, and surface area (S) of the cart
and the ram-air wing (S). The drag coefficient is the
ratio of drag pressure to dynamic pressure.
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Induced and parasitic drag have opposite effects as
angle of attack decreases and speed increases. Note
the total drag. It is high at the slowest air speeds at
high angles of attack near the stall, decreases to the
lowest at the most efficient airspeed, and then pro-
gressively increases as the speed increases. The PPC
wing is typically designed to fly at a speed generally
above lowest overall total drag. Too slow, and the
wing would be near its critical angle of attack. Too
fast, and the power to maintain level flight or climb
would be excessive. The manufacturer determines the
speed range of the wing based on the weight range,
and the resultant location on the total drag diagram.
[Figure 2-14]

Total Drag

~~

Parasite Drag

Drag

/ Induced Drag
I \

Speed »

Figure 2-14. Relationship between drag and speed.

Weight

Weight is a measure of the force of gravity acting upon
the mass of the PPC. It is the force that opposes lift,
and acts vertically downward through the aircraft’s
center of gravity. Weight consists of everything di-
rectly associated with the powered parachute in flight:
the combined load of the total PPC (wing, risers, en-
gine, cart, fuel, oil, etc.), people (clothing, helmets,
etc.), and baggage (charts, books, checklists, pencils,
handheld GPS, spare clothes, suitcase, etc.). In stabi-
lized level flight, when the vertical component of lift
is equal to the weight force, the PPC is in a state of
equilibrium and neither gains nor loses altitude.

Because the trim angle is set at the factory, the PPC
airspeed is predetermined, before takeoff, by the
weight of the aircraft and the wing design. The more
weight, the more forward airspeed is generated.
Therefore, gravity is the primary force for creating
forward speed — pulling the wing through the rela-
tive wind while airborne. The forces in gliding flight

are very similar to those for an airplane or gliding
sailplane. [Figure 2-15] Specific numbers presented
in this chapter are examples to serve as a basis to
understand the concepts. Each PPC has unique fly-
ing characteristics and these numbers will be differ-
ent, but can be compared to your PPC to provide a
greater understanding of your unique performance.
Note the component of weight acting along the flight
path. This component of weight is called thrust by
some but is more accurately the weight component
providing the forward force.

o)
oL NG
. AN

Resultant force of liftand +
drag components that %
support the weight during = Lift
flight 5

oc

Center of pressure

Earth’s horizontal plane

F/I'gh
Gliglg . Path
K/ o/
\‘]I Op@ Ightpat/-’
3 - Re/ativ ‘
Component of
weight that
opposes lift (WL) WL
PP Weight
W™

Component of weight acting along
flight path. (Some call this thrust
component during gliding flight.) (WD)

Figure 2-15. Typical forces in gliding flight, with no engine
thrust.

Thrust

Compared to an airplane, as discussed in Chapter 3
of the Pilot’s Handbook of Aeronautical Knowledge,
thrust serves different purposes in the PPC: (1) it is
used to accelerate the PPC to flying speed while in-
flating the wing (2) it is used to climb when at high
thrust, cruise level at medium thrust, and descend at
lower thrust. Variations in thrust have negligible effect

2-7
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on PPC airspeed which remains relatively constant
whether climbing, descending, or in level flight.

When enough thrust is added to produce level flight,
the relative wind stream becomes horizontal with
the earth; the angle of attack and speed remain about
the same. Just as described in the Pilot’s Handbook
of Aeronautical Knowledge for the airplane, thrust
equals total drag for level flight. [Figure 2-16]

When in straight-and-level unaccelerated flight:
LIFT (L) = WEIGHT (W)
and
THRUST = TOTAL DRAG (Dr)

Level Flight Force Vectors

Drag
A

[ Lift
ﬁ
e
(\'
—
>
©

Angle of
attack

Earth’s horizontal plane

Flight path

Relative wind

Thrust ————

Resultant

Weight e

Figure 2-16. Powered parachute in level flight.

When excess thrust is added to produce climbing
flight, the relative air stream becomes an inclined
plane leading upward, while angle of attack and speed
remain about the same. Just as described in the Pilot s
Handbook of Aeronautical Knowledge for the air-
plane, the excess thrust determines the climb rate and
climb angle of the flight path. [Figure 2-17]
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Figure 2-17. Powered parachute in climbing flight.

Center of Gravity

The center of gravity (CG) is the theoretical point
of concentrated weight of the aircraft. It is the point
within the PPC about which all the moments trying to
rotate it are balanced. The most obvious difference in
the center of gravity for a PPC is the vertical position
compared to an airplane, as it is much lower than the
wing. The Pilot’s Handbook of Aeronautical Knowl-
edge accurately states the center of gravity is gener-
ally in the vertical center of the fuselage. The same
is true for the PPC. However, the PPC wing is high
above the fuselage (cart) creating the unique pendu-
lum effect flying characteristics of the PPC (which
will be covered in detail later).

In a two-seat PPC, the second seat is typically behind
the pilot’s seat, and the center of gravity is usually
located directly over the rear passenger seat. There-
fore, the center of gravity location does not change
significantly with or without a passenger. Fuel tanks
are typically located near the center of gravity so
any differences in fuel quantity will not significantly
change the center of gravity fore and aft with different
fuel quantities.
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Axes of Rotation

Motion about the lateral axis or pitch is primarily
controlled by the thrust of the propeller moving the
PPC pitch up (nose up) to climb and pitch down (nose
down) at reduced throttle.

Turning happens about the longitudinal axis and is the
result of the rolling motion similar to an airplane with
aileron and rudder control. To turn, pull down the wing
trailing edge on the side you want to turn to with the
steering controls. This creates drag on the correspond-
ing trailing edge of the wing, thus dropping the inside
wing, and rolling the PPC into a banked turn. [Figure
2-18]

There is not significant turning about the vertical axis
because the PPC wing is designed to fly directly into
the relative wind just like an airplane. Any sideways
skidding or yaw is automatically corrected to fly
straight with the wing design. An airplane uses the
vertical tail to fly directly into the relative wind like a
dart. The unique design of the PPC performs the same
function through the combination of wing profile/
taper, the arch or curvature from tip to tip, washout
built into the wing and/or tip stabilizer design. These
factors make the PPC track directly into the relative
wind and eliminate the need for a vertical tail surface
and rudder to make coordinated turns. Designs and
methods vary with manufacturer and wing type, but
all PPCs are designed to track directly into the rela-
tive wind.

Ground Effect

Ground effect is the interference of the ground with
the airflow and turbulence patterns created by the
wing. The most apparent indication from ground ef-
fect is the unexpected lift given to an aircraft as it flies
close to the ground — normally during takeoffs and
landings.

Lateral Axis

Pitching

Longitudinal Axis

Rolling

Ground effect is usually felt when the wing is at al-
titudes of less than half of the wingspan. The typical
PPC wingspan is approximately 38 feet with an aver-
age wing height of about 20 feet. Therefore, ground
effect is negligible for PPCs and is typically not a factor.

Moments

A body that rotates freely will turn about its cen-
ter of gravity. In aerodynamic terms for a PPC, the
mathematical value of a moment is the product of the
force times the distance from the CG (moment arm)
at which the force is applied.

Wings generally want to pitch nose down or roll for-
ward and follow the curvature of the airfoil creating a
negative pitching moment. This is one of the reasons
airplanes have tails. The powered parachute does not
need a tail because the airfoil is locked into a specific
position relative to the cart by the suspension lines.
[Figure 2-19]. Any pitching moment for the wing is
counteracted by the strong pendulum effect (weight
of the cart hanging directly under the center of lift).
Any swinging of the weight creates moments that
act to stabilize the swing. The wing aids to dampen
swinging. This pendulum effect is unique to the PPC
because the cart has the ability to rotate around the
PPC pendulum axis of rotation in addition to rotating
about the CG.

To understand the pendulum effect, attach a small
weight (a pencil or paper clip works) to a 24-inch
string. Note the weight always wants to hang directly
under where you hold it. If you hold the string still
and move the weight to the side, the weight swings
and stabilizes under where you hold it. Gravity, pull-
ing down on the weight to stabilize it directly un-
der where it is hanging, is PPC pendulum stability.
[Figure 2-20]

Vertical Axis

Yawing

Figure 2-18. PPC axes of rotation.
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Figure 2-19. Powered parachute airfoil is locked into
position by the lines and weight of the cart.

Pendulum stability is the result of a number of PPC
design characteristics: there is no downward force
from a horizontal tail that must be counteracted by the
wing producing more lift; there is no weight of the tail
that must be lifted; and there is no tail to impose extra
drag on the aircraft. Gravity is the primary force that
stabilizes the aircraft using pendulum stability.

The “dynamic pendulum effect” can be demonstrated
by swinging the weight around and then stopping the
swinging to notice that the weight keeps swinging
from the momentum. The swinging weight is known
as the “dynamic pendulum effect” which will be dis-
cussed in detail later.

Thrust Line Moments

PPC designs can have different moments caused
by thrust; the propeller thrust may be above the
CG (Figure 2-21 left) or go through the CG (Figure
2-21 right). Since the cart swings free in pitch, this
CG thrust moment can slightly affect the pitch of the
cart in relation to the wing.

PPCs with an attachment point above the thrust line
have a pitching nose up moment as shown in Figure
2-21 (both diagrams), with a thrust line, wing attach
point, and arm “b.”

Gravity Moment

There is a moment arm from the CG of the cart,
to the cart/wing attachment (see “arms” in Figure
2-22). The longer the distance from the CG to the

2-10

Figure 2-20. Pendulum effect is like a weight on a string,
stabilizing weight and line vertically over time.

wing attachment point, the more stable the cart pitch
is from thrust moments. The higher the wing attach-
ment point above the CG, the more stable the cart is
from swinging underneath and the less the cart will
pitch up when thrust is applied.

A higher hang point will also better stabilize the PPC
cart in turbulence because the moment of the weight
and the larger “d” arm creates a larger stabilizing mo-
ment. [Figure 2-22]

3PS

For ground operations, the moment arm distance “c
cannot be too great or the front wheel would lift off
the ground prematurely, trying to inflate the wing (see
right side of Figure 2-22).

During flight, the advantage of a high attachment
point arm “c” is less swinging around of the cart un-
der the wing, and less cart “pitch up” when throttle is
applied to climb. This high attachment point creates
thrust that is now pointed slightly down to the rela-
tive wind, which has two significant effects. First, it
creates a negative P-factor, counteracting increased
torque. The second effect is a disadvantage: less climb
rate or more thrust required for the same climb rate.
This is due to the increased load on the wing from the
thrust, requiring more speed and/or angle of attack to
lift the total load. [Figure 2-23]

Wing Attachment to Cart

If flying straight and level over a perfectly flat landing
strip, then with the rear wheels 1 inch above the run-
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PPC design with a lower CG and the thrust line
above the CG.Nose up moment around wing
attachment, nose down moment around CG.

Thrust
force
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thrust line where thrust line goes through the
CG, creating nose up moment around wing
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Figure 2-21. PPC designs can have different moments caused by thrust; the propeller thrust may be above the CG (left)
or go through the CG (right). A PPC can have wing attachment thrust moments as shown, or no wing attachment thrust
moment if the thrust line goes through the wing attachment point (not shown).

Gravity stabilizes cart in flight

8

Cart pitching stability moment

Ground Moments

High wing
attachment point

Too high of an attachment point causes cart wheel
to raise up on initial wing inflation, because the
wing attachment point is too high creating a
(moment arm “c”) which is too long.

Figure 2-22. Gravity stabilizes thrust moment.

way, the nose wheel should be between 7 and 11 inch-
es above the pavement. The POH specifies the wing
fore and aft wing attachment points to the cart. [Fig-
ure 2-24] Attaching the wing too far forward would
cause the nose wheel to be higher than it should. At-
taching the wing too far back would place the nose
wheel too low, where it would hit first for landings.
Balancing the cart properly per the POH is important
to make sure the cart is hanging properly under the

wing and ensure thrust is properly aligned as designed
by the manufacturer. Nose wheel low means thrust
pointing down, increasing loads, and airspeed. Nose
wheel high has the opposite effect. Thrust aligned too
high or too low results in reduced thrust and unwanted
P-factor.
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Figure 2-23. High wing attachment point effects in flight.

Manufacturers must balance the cart stability for take-
off and flight, along with the thrust moment to achieve
the best design for the specific application.

Stability

A stable aircraft is one that will routinely return to its
original attitude after it has been disturbed from this
condition; usually this means returning to straight-
and-level flight after encountering turbulence that dis-
rupts a normal flightpath. The more stable the aircraft,
the easier it is to return to a straight and level position.
The natural tendency of the pendulum — the PPC cart
hanging under the wing — is to return to its original
centered position under the wing. The pendulum de-
sign gives the PPC airborne positive dynamic stability
and positive static stability for roll and pitch because
the weight of the pendulum wants to return the PPC
to level stabilized flight. No matter what maneuver
within the POH limitations the PPC is put through
(regardless of whether it is pilot induced or turbulence
created), as soon as the disruptive force stops, the air-
craft is designed to return to a stabilized flight condi-
tion, with virtually no pilot input. Figure 2-25 shows
the movements of the PPC as it auto-corrects from a
side gust of wind.

Figure 2-24. Straight and level flight with the nose wheel 7
to 11 inches above the horizontal flight path.

PPC Angle of Attack Characteristics

Normal Flying Conditions

For all practical purposes, the wing’s lift in a steady
state normal climb is the same as it is in a steady level
flight at the same airspeed. Though the flightpath has
changed when the climb has been established, the an-
gle of attack of the wing with respect to the inclined
flightpath reverts to practically the same value, as
does the lift. The angle of attack remains relatively
constant for constant weights during stabilized flight
for glide, level cruise or climb. However, wind gusts,
flying in turbulence, quick uncoordinated flight (as
covered later), or aerobatic maneuvers can change the
PPC angle of attack. PPC limitations in the POH are
specifically written to avoid any maneuver that would
temporarily get the PPC into a situation of too high
or too low an angle of attack. The PPC is specifically
designed to fly at an angle of attack to avoid stalls
(resulting from too high an angle of attack), and avoid
wing collapses (resulting from too low an angle of at-
tack). Each manufacturer specifically determines the
limitations so a proper angle of attack is maintained
throughout the flight operation range.

The basic design of the powered parachute is to fly
at a relatively constant speed which results in a con-
stant angle of attack. However, angle of attack can
change just as with any aircraft as when a gust of wind
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Figure 2-25. PPC stability after a side wind gust.
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Figure 2-26. AOA changes as wind hits the airfoil.

changes the direction the air is hitting the airfoil. [Fig-
ure 2-26]

The pilot can add weight or increase loads which may
also increase the angle of attack slightly.

Flaring Increases Angle of Attack

The flare (pulling down the trailing edges of the
wing—and thus lowering the trailing edge) increases
the angle of attack. [Figure 2-27] In a flare, the trail-
ing edges of the wing are pulled down (usually, as
both foot steering controls are pushed forward). This
is similar to lowering the flaps on an airplane: lift is
increased, drag is increased, and for a PPC, the angle
of attack is increased. The result is that the higher drag
wing slows down and thus the wing moves backward
relative to the cart. So as the total weight of the pen-

dulum (the cart and occupants) moves forward of the
wing, the angle of attack increases, generating more
lift and more drag. The pendulum is the weight of the
CG under the wing which swings forward for this
transient situation due to pendulum effect.

Note that flare provides a temporary large increase in
the angle of attack (AOA) until the pendulum swings
back underneath the wing. This action thus returns the
wing to the normal stable flight configuration — the
cart (the total weight of the pendulum) under the cen-
ter of the wing. Therefore, a flare will only temporari-
ly add an increase to lift and drag. Once the pendulum
swings back down, the drag of the wing, and therefore
the reduced airspeed, will continue until the flare is
released.
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Figure 2-27. Flare on landing typically increases the angle
of attack.

Porpoising Creates Variations in AOA

Another slight variation in the angle of attack is the
swinging pendulum action of the PPC when high
thrust engines provide strong and immediate full
thrust of the propeller. This extra thrust swings the
cart through the pendulum arc relative to its position
under the wing. This is why many times you will see
the PPC take off and porpoise until it stabilizes. This
is a good example of the dynamic pendulum effect.
As the propeller thrust swings the cart out front, the
cart peaks then swings back to center. The cart suc-
cessively swings back and forth, continuing to reduce
oscillations until it stabilizes in a climb. This porpois-
ing is most common with a high power engine. This
can be eliminated by using gradual throttle increases
so as not to create a dynamic pendulum effect enter-
ing a climb.

Stalls: Exceeding the Critical Angle
of Attack

The critical angle of attack is the angle of attack at
which a wing stalls regardless of airspeed, flight at-
titude, or weight. The drawings in Figure 2-28 show
airflow over a typical rectangular PPC wing. The first
shows a laminar, smooth, lift-generating airflow—one
that is typical when the angle of attack is within the
flight range. The second depicts an exceeded angle
of attack, turbulence and loss of the lifting force.
[Figure 2-28]
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Figure 2-28. Wings stall due to an excessive angle of attack.

Unlike a fixed-wing aircraft that takes constant aware-
ness of angle of attack to prevent a stall, the powered
parachute wing is designed by the manufacturers to
maintain a specified range of angle of attack and air-
speeds. It is resistant to stalls because for all practical
purposes, it is designed to fly at a constant normal op-
erating range. This range is maintained if the operator
flies within the operating limitations specified in the
POH. Flying the PPC within the limitations specified
in the POH and avoiding turbulence means you will
not exceed the critical angle of attack and stall the
wing.

However, situations that could contribute to a stall are:

* A large increase in wing drag (full-flare)

— which the PPC pilot controls by pulling the
wing back, thus increasing the AOA. (Note: A
full-flare is normally used and recommended
only for landings.)

* A quick full RPM throttle input, creating a
climbing dynamic pendulum effect loading the
wing.

* A quick reduction of throttle during a high pitch
angle climb. This quickly turns a high pitch
climb into a high angle of attack. The wing is
initially pitched high, climbing the inclined
plane under full power, then quickly changes
to a gliding flight path when the throttle is
reduced, just like an airplane.

» A wind gust from flying in turbulent air.

To prevent a stall, do not go to full-throttle while hold-
ing a full-flare, or as specified in the POH. Note: For
explanation of a stall recovery, see Chapter 12: Night,
Abnormal, and Emergency Procedures.
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Turning Effect

Torque is a reaction to the mass of the turning propel-
ler. If the propeller is turning to the right, the reaction
is for the cart to want to turn to the left. Therefore, a
right turn is sometimes designed into the PPC system
to counteract the torque.

PPC manufacturers compensate for this with various
designs:

1. Dual (counter-spinning) propellers. This is an
ideal way to counter prop torque, but counter-
rotating gearboxes are complicated, more
expensive, and weigh more.

2. Different riser lengths. On a clockwise-turning
propeller, the left riser is longer than the right.

3. Swivel the wing attachment on a tilt bar above
the cart.

4. Adjust the PPC frame (longer on the left, shorter
on the right) to compensate for the engine torque
(for a clockwise spinning prop).

Additionally, P-factor, as discussed in the Pilots
Handbook of Aeronautical Knowledge can be a factor,
producing a left turn if the nose of the cart is too high

through improper CG balance of the PPC. Rotating
propeller gyroscopic action can also produce turning
tendencies if a force is applied which would deflect
the propeller from its existing plane of rotation.

There is no corkscrew effect of the slipstream on a
PPC because it does not have a tail in the propeller

prop blast.

Weight, Load and Speed Changes

Greater load factor creates increases in speed. For un-
accelerated and stabilized flight there are only slight
variations in speed for different flight conditions.
[Figure 2-29] For an 800-pound PPC in gliding flight,
both the lift and drag components support the weight
ofthe PPC (lift is 759 pounds, and drag is 252 pounds,
with the resultant 800 pounds vertical force).

In level flight, the PPC does not have the vertical
component of total drag to support the weight so ad-
ditional lift must be generated through speed or angle
of attack increases.

Lift required in gliding flight
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Figure 2-29. Forces differ between gliding and level flight.
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The numbers are small and difficult to measure or
feel so the industry rule of thumb is to assume the
PPC flies at a constant speed and angle of attack with
changes in throttle. However, increased load (weight)
and load factor has a significant effect on speed. [Fig-
ure 2-30]

As discussed in Chapter 2 of the Pilot’s Handbook of
Aeronautical Knowledge the following points apply
to powered parachute operations:

 During straight and level flight, the lift opposes
the weight.

* In a banked turn, the lift is no longer directly
opposite the weight; it is losing some of the
vertical component of lift. More lift is needed
so the vertical component of lift will equal the
weight.

 In a banked turn, lift must be increased and load
factor goes up. [Figure 2-30]

In a 45-degree turn, the 800 pounds weight would
equal 800 times 1.4 or 1,120 pounds total load. This
45-degree turn, 1.4 G loading is the same as adding
320 pounds of weight to the 800 pounds. This new
1,120 pounds of lift must be produced by the wing by
increased speed and/or angle of attack. If all the addi-
tional lift is produced from airspeed, airspeed would
increase about 5 MPH, a noticeable difference. Refer-

ence your Pilot’s Operating Handbook to understand
the specific design considerations for the aircraft you
will be flying.

PPC Aerodynamics Summary
The following summarizes PPC aerodynamics:

* Increasing throttle causes the PPC to climb,
decreasing the throttle allows the PPC to
descend.

» The PPC flies at a relatively constant airspeed
and angle of attack in normal flying conditions.

» The weight of the PPC controls steady state
airspeed under similar conditions of wing size
and type, trim, steering line settings, and pilot
flare. Increased weight or load factor increases
speed and/or angle of attack.

* The lighter the weight, the slower the airspeed,
the less control pressure on the wing, and the
slower your descent.

* The heavier the cart (total weight under the
wing), the faster the airspeed, the more effort
required for maneuvers (foot steering pressure),
and the faster your descent.

* The wing set (rectangular or elliptical), size,
and cart weight have a strong influence on PPC
performance and maneuverability.

Lift Vertical
Total lift

Horizontal
component

component

Vertical
component

Total lift

Horizontal

Centrifugal
force

+ Centrifugal

Weight Weight  Resultant Weight  Resultant
load load
Level Flight Medium bank turn Steep bank turn

Figure 2-30. Loads and turning forces.
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Although powered parachutes come in an array of
shapes and sizes, the basic design features are fun-
damentally the same. All powered parachutes con-
sist of an airframe (referred to as a cart) a propeller
powered by an engine, and a ram-air inflated wing.
[Figure 3-1]

Figure 3-1. A typical powered parachute cart.

The Airframe

Most powered parachute airframes are manufactured
with aircraft-grade hardware. A few PPC manufactur-
ers are building fiber-composite carts. The airframe’s
tubular construction means light weight and ease of
replacement if tubes are bent. The airframe includes
one or two seats, flight controls, and an instrument
panel. The airframe also incorporates the engine, the
fuel tank, the propeller and points of attachment for
the wing and steering lines.

Although side-by-side configurations exist, in most
powered parachutes the pilot and passenger are seated
in a tandem (fore and aft) configuration. Dual flight
controls are required for training. Not all PPCs have
full dual controls; depending on the configuration of
the cart and added controls (that are optional from
different airframe manufacturers) the flight instruc-
tor can adequately control the aircraft during training
from the rear seat during takeoff, flight, and landing
procedures with dual throttle controls. While in the

rear seat, the flight instructor can have positive con-
trol of the aircraft at all times by physically pulling
on the steering lines and using a dual control throttle.
Like airplanes, not all powered parachutes are ad-
equately configured to conduct flight training. The
flight instructor with a powered parachute endorse-
ment should determine his or her ability to control
each individual PPC from the back seat with the dual
controls for training purposes. [Figure 3-2]

Dual throttle controls

Figure 3-2. Powered parachutes used for training must be
equipped with dual controls.

The pilot flies from the front seat in order to reach the
steering bars, throttle control, ground steering control
and magneto switches, and to keep the CG in balance;
you cannot fly alone from the back seat for this rea-
son.

The cart by itself is not very aerodynamic because
it does not need to be; it flies at slower airspeeds.
However, without the wing attached and inflated to
limit speed, the pilot needs to be careful to avoid high
speeds, such as when taxiing to and from the hangar
for canopy layout. The wheels, their bearings, and
the cart suspension were not designed to handle high
speeds.

Some manufacturers use an adjustable front seat
to allow for the varied length of the pilot’s legs
to comfortably reach the steering bars. Powered
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Figure 3-3. The harness should be fastened snug but not
tight.

parachutes can be outfitted with a variety of seat-
belts, including a four-point harness system that
securely fastens each occupant into their seat.
[Figure 3-3]

Most powered parachutes have three wheels, or a tri-
cycle gear configuration, although some have four.
Ground steering is typically a steering bar connected
to the nosewheel that moves left and right. Some pow-
ered parachutes have a tiller device for ground steer-
ing. There are a number of ground steering designs
that vary between manufacturer, make, and model.

Brakes are an optional piece of equipment on the
powered parachute, as the square foot area of the
parachute itself provides aerodynamic braking. Pilots
should use smooth and controlled operation of the
throttle on the ground to maintain safe and control-
lable ground speeds, particularly when taxiing with
the chute inflated. Students should practice throttle
control to learn how far the PPC takes to come to a
full stop when the power is reduced to idle. However,
for runway incursion prevention and general safety,
brakes are advised and highly recommended so you
can stop when you need to. Never use your feet as a
form of braking, as physical injury is probable.

3-2

Center of Gravity Adjustments

Each manufacturer has specific procedures in the
Pilot’s Operating Handbook (POH) to adjust the CG
of the cart, so that the cart is hanging at the proper
nose high/nose low position—including the weight
position in the cart and the fore/aft position of the
wing attachment points.

As discussed in Chapter 2, the attachment points for
the wing (parachute) must be adjusted for variations
in pilot weight, which affect the center of gravity (CG)
location of the cart.

There are typically two types of wing attachment sys-
tems: center of gravity adjustment tubes, or a bracket
with a number of fore and aft attachment points. Each
of these systems performs the same task. Either sys-
tem adjusts the wing attachment points based on the
cart CG. This is primarily based on the weight of the
occupant in the front seat, usually the pilot. The rear
seat occupant’s weight does not typically come into
consideration when determining the CG position of
the PPC, as the rear seat is usually positioned very
near the cart CG. To maintain the best overall per-
formance, the aircraft needs to fly with a slight nose-
up attitude, as specified in the aircraft POH.

Use the POH to determine the proper adjustment for
the particular aircraft because there are many configu-

Figure 3-4. Multiple attachment points for the wing as a
means to adjust the wing hang point.
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Figure 3-5. PPC CG adjustment example.

rations and designs that vary by manufacturer, make,
and model.

Multiple Attachment Points Bracket

The attachment point bracket on the cart is one meth-
od to select the fore and aft wing attachment position
for proper CG adjustments. [Figure 3-4] Always refer
to the POH for weight and balance information spe-
cific to the powered parachute you are flying.

Center of Gravity Adjuster Tubes

The term “CG tubes” sometimes refers to the three
tubes that meet at the point of rigging for the wing
(upper CG tube, lower CG tube and center CG tube).
[Figure 3-5] Sometimes the term “CG tube” refers
only to the tube that is adjustable, and the other tubes
that meet at the rigging points are called outrigger
arms.

Instrument Panel

The instrument panel is in front of the pilot and pro-
vides engine and flight information. The pilot is re-
sponsible for maintaining collision avoidance with
a proper and continuous scan surrounding the pow-
ered parachute, as well as monitoring the information
available from the instrument panel. The pilot must
process the outside cues along with the instrumenta-
tion throughout the flight for a sound decision-making
process.

The ignition switches are usually located on the in-
strument panel and have two positions: ON, which
allows power to make contact with the spark plugs,

Figure 3-6. Some instrument panels will have just a few
digital or analog gauges for EGT and RPM.

or OFF, which is a closed switch to GROUND and
removes the power source from the spark plugs. Typi-
cally, PPC engines have two spark plugs per cylinder,
two switches and two completely separate ignition
systems. Some single place PPCs with smaller en-
gines have only a single spark plug per cylinder, one
ignition switch, and a single ignition system.

The FAA defines the required minimum instrumen-
tation for PPCs; engine manufacturers may recom-
mend certain instruments be installed on the aircraft
to monitor the performance of their particular engine.
For example, on a liquid-cooled engine, the manufac-
turer may recommend instrumentation to monitor en-
gine gas temperatures (EGT), water temperatures and
RPM. On an air-cooled engine, the manufacturer’s
recommendation may be EGT, cylinder head temper-
ature (CHT) and RPM. Additional instruments can be
added as desired by the individual aircraft owner.

Some PPCs may only have a few analog gauges.
[Figure 3-6] Some makes and models may be
equipped with an engine information system (EIS).
[Figure 3-7] The EIS is a flight computer and screen
that receives input signals from sending units connect-
ed to engine and flight probes or sensors. The com-
puters are pre-programmed for different makes and
models of engines. Engine information may include:
RPM, EGT, CHT, water temperature, fuel quantity, an
hour meter and a voltmeter. Flight instruments may
include altimeter, vertical speed indicator and a GPS.

This engine and flight information is viewed on the
LCD screen and has function keys, allowing the
pilot to move between display screens that contain the
computer’s input. When the display button is pressed,
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Figure 3-7. Typical engine information system.

each individual screen will clearly identify the infor-
mation being displayed.

The information systems are also capable of alerting
the pilot when any engine or flight parameters are ex-
ceeded, usually via a warning light mounted on the
instrument panel. Although the EIS is a valuable tool,
the ability to interpret the information is equally im-
portant.

For the interperetation of any engine and flight instru-
ment, you need to completely understand the engine
limitations, parameters, and the messages the instru-
ment provides you. Sensing the proper operation of the
aircraft and engine is a key factor to the safe operation
of any aircraft. Being able to interpret engine sounds
and unusual vibrations is essential for any pilot.

As with any aircraft or instrument operation, see the
POH for each individual make and model operating
instructions.

Additional Equipment

A GPS can sometimes be used to determine ground
speed while flying. A GPS is also a useful tool to en-
hance navigation for cross-country flying. Review
Chapter 14 of the Pilot’s Handbook of Aeronautical
Knowledge for information on the calculations asso-
ciated with determining wind speed, ground speed,
fuel consumption, and time enroute.

Communication and navigation radios, transponders,
GPS and LORAN receivers are not required to fly
a powered parachute in Class G airspace. You must
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have the required equipment on board to operate in
Class B, C, D or E airspace.

Equipment requirements can be found in the regula-
tions. Powered parachutes must meet these require-
ments. Even though many powered parachutes have
strobe lighting to aid in the visual sighting of the
aircraft, additional positional lighting is required for
night operations. See Chapter 12 for more informa-
tion.

Electrical System

Powered parachutes are typically equipped with a 12
volt direct-current electrical system. A basic powered
parachute electrical system consists of a magneto,
alternator or generator, battery, master/battery switch,
voltage regulator, and associated electrical wiring.

Electrical energy stored in a battery provides a source
of electrical power for starting the engine and a lim-
ited supply of electrical power for use in the event the
alternator or generator fails.

The electrical system is turned on or off with a mas-
ter switch. Turning the master switch to the ON po-
sition provides electrical energy to all the electrical
equipment circuits with the exception of the ignition
system. Equipment that commonly uses the electrical
system for its source of energy includes:

* Position lights.

* Anticollision lights.

* Instrument lights.

* Radio equipment.

* Electronic instrumentation.
* Electric fuel pump.

« Starting motor.

Fuses or circuit breakers are used in the electrical sys-
tem to protect the circuits and equipment from electri-
cal overload. Spare fuses of the proper amperage limit
should be carried in the powered parachute to replace
defective or blown fuses. Circuit breakers have the
same function as a fuse but can be manually reset,
rather than replaced, if an overload condition occurs
in the electrical system. Placards at the fuse or circuit
breaker panel identify the circuit by name and show
the amperage limit.

An ammeter is used to monitor the performance of
the electrical system. The ammeter shows if the al-
ternator/generator is producing an adequate supply of
electrical power. It also indicates whether or not the
battery is receiving an electrical charge.
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A voltage meter also provides electrical information
as to the battery voltage, an additional status of your
electrical system.

A voltage regulator changes the variable output of the
magneto or generator to the 12-volt DC level for the
battery and the electric system. The voltage output is
typically higher than the battery voltage. For example,
a 12-volt battery would be fed from the magneto/gen-
erator/alternator system through the voltage regulator
which produces approximately 13 to 14 volts. This
higher voltage keeps the battery charged.

The Steering Bars

The steering bars are located just aft of the nosewheel
and mounted on each side of the aircraft; they move
forward and aft when the pilot applies foot pres-
sure. [Figure 3-8] The steering lines from the trailing
edge of the wing are attached to the outer ends of the
steering bars. (Some manufacturers have developed
a steering pedal system on their airframes, although
the steering lines function in the same manner.) The
main steering lines divide into various smaller lines,
which attach to multiple points on the trialing edge of
the wing. Pushing on either one of the steering bars
causes the steering lines to pull down the correspond-
ing surface of the trailing edge on the wing, creat-
ing drag. This in turn slows that side of the wing and
banks the PPC into a turn.

Pushing both steering bars simultaneously causes
the steering lines to pull down equally on the trailing
edge, which causes two things to happen: it decreases
the powered parachute’s forward speed by increas-
ing the drag and it changes the shape of the wing,

Figure 3-8. Steering bars are located just aft of the
nosewheel and mounted on each side of the aircraft.

increasing angle of attack which increases lift. This
procedure, called “flaring” or “braking the wing” al-
lows the pilot to touch down at a slower rate of speed
and descent, thus creating a smoother landing, which
results in less wear and tear on the aircraft as a whole.
[Figure 3-9]

-

\ / Splits to 6 lines

Safety/rigging line

Steering line
Steering bar

Figure 3-9. Steering lines are divided into two sections; a
single heavy line is attached to the steering bars.

Wings and Components

The powered parachute wing is unique, as compared
to a fabric wing on an airplane, in that when it is not
inflated it loses its ability to produce lift. When a
powered parachute wing is inflated or pressurized, it
becomes semi-rigid and is capable of producing lift
and supporting a load. Rather than being bolted to the
fuselage like an airplane, the parachute wing is at-
tached to the cart by lines and cables which are known
as risers.

The wings are manufactured by attaching an upper
and lower section of skin to ribs. [Figure 3-10] The
ribs of the wing determine the airfoil shape. [Fig-
ure 3-11] The shape of a powered parachute wing
will change slightly when faced with different gross
weights, air pressures, and environmental conditions
such as moisture, air temperature and wind.

Different wing manufacturers use different fabric
treatments to render the fabric airtight, so the air that
enters the wing cannot escape through the fabric sur-
face. The top surface of the wing is generally treated
to help protect it from ultraviolet light and the ele-
ments. Keeping the powered parachute wing out of
direct sunlight will increase its useful life.

If the fabric degrades and air is allowed to escape
through pores of the cloth, the overall flight perfor-
mance of the wing is greatly reduced. If your pow-
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Lower
surfaces
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surface

Figure 3-10. Canopy cross-section.

At first sight, the suspension lines on the powered
parachute wing might appear like an unorganized wad
of strings. On the contrary, each line has a distinct
purpose and each line has distinct properties. The sus-
pension lines are sometimes designated A through D
and differ between manufacturers; check your POH to
know the line labels for your PPC. [Figure 3-12] The
front suspension lines are located at the leading edge
and the steering lines connect to the trailing edge. The

Leading edge

Front
suspension

) Trailing edge
lines

Control/steering/
brake line

Rear
suspension lines A B

Note:Line labels differ between manufacturers; check your
POH to know which lines are A, B, C,and D on your PPC.

Cell opening

Cross port

Leading edge

Figure 3-11. Airflow into the wing.

ered parachute wing should become too porous, more
groundspeed may be needed to pressurize the wing,
takeoff distance may increase, more RPM may be
required to hold altitude, and fuel consumption may
increase.
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Figure 3-12. Front and rear suspension lines.

suspension lines come together at a point where they
connect with the riser. (The risers are the connection
between the suspension lines and the cart.)) Many
manufacturers color-code the wing suspension lines
to assist the pilot in their preflight inspection and lay-
out of the wing prior to inflation. [Figure 3-12]

Suspension lines must be constructed of very strong
materials, yet remain very small in profile to reduce
parasite drag. The most commonly used materials are
polyaramid and polyethelene, which are both carbon
based.

Kevlar® is a common polyaramid used for suspension
lines. Its properties render it extremely strong, as well
as resistant to stretching or shrinking, and it is not sus-
ceptible to temperature changes. However, one criti-
cal drawback of polyaramids is that they tend to kink
or knot when looped around. When polyaramids are
used to construct suspension lines, they are encased in
a skin of a terylene product, like Dacron® or a product
with similar properties. Polyethelene materials, such
as Spectra®, Dyneema® or Technora®, are very strong
as well as more flexible than polyaramids, which
makes them more durable under hard use. However,
polyethelene materials are more likely to stretch or
shrink, and they are more susceptible to temperature
changes. If your wing is equipped with polyethelene
suspension lines, it is imperative you do not store your
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equipment in a place that might experience extreme
temperatures. The POH or owner manual provided by
the chute manufacturer will specify limits for tempera-
ture and storage.

Every line on the powered parachute wing is precisely
measured and fitted to a specific location. Therefore,
it is imperative to inspect the wing during preflight,
in addition to having the wing and its lines inspected
periodically by qualified technicians. The technician
will conduct strength tests as well as look for wear
and compromised attachment points; refer to your
wing manufacturer’s specifications for inspection
parameters. Under no circumstances should powered
parachute suspension lines be spliced or tied if sev-
ered! Each line’s length and strength is specifically
calibrated. If you tie a knot in the line you will change
the specifically-engineered flight characteristics of the
wing, rendering it unairworthy.

Also known as “V lines,” the risers are the intermedi-
ate link between the suspension lines and the airframe
or the attachment point of the wing to the airframe.

Riser attachment
points to the
airframe

B lines

Figure 3-13. The risers are constructed of nylon webbing
that takes on the appearance of two straps incorporating a
main cable and a safety cable as one unit.

The risers are generally constructed of webbing,
which takes on the appearance of two straps that in-
corporate a main cable and a safety cable as one unit.
[Figure 3-13] Some of the older designs of wings may
have braided wire cables serving as their risers. The
risers are connected to the suspension lines and to the
aircraft with various connections such as with D-rings
and eyebolts.

During flight, as discussed in Chapter 2, propeller-
driven aircraft are affected by the rotation of engine
components and the propeller. This is commonly
referred to as the “left turning tendency,” which in-
cludes torque and sometimes P factor. There are sev-
eral design features that have been incorporated into
airplanes to counteract the left turning tendency from
a clockwise turning propeller. Powered parachute de-
signers can counteract the turning effect by chang-
ing the length of the riser cables on one side of the
airframe. By decreasing the length of the right riser
cable, the wing is given a slight right turn, just enough
to cancel the effects of torque at cruise thrust settings.
This design feature of the powered parachute wing
risers makes it imperative not to mistakenly attach the
different length riser cables on the wrong side of the
airframe. Remember: the left main and the left safety
cables, from the pilot’s seat, are longer than the right
main and the right safety cables. Mixing the right and
the left cables will result in a pronounced left turn;
especially during takeoff when the engine is at full
throttle, which could jeopardize the safety of all con-
cerned.

Engine installations with a counterclockwise rotating
propeller require opposite adjustments. It is important
to know which direction the propeller turns for your
PPC to accurately counter turning tendencies.

Alternately, the wing could have the same length ris-
ers, and the cart could have a higher attachment point
for the left riser. This is why each wing is designed
for each cart and should not be interchanged: the wing
and the cart is a complete system.

The Fuel Tank

The powered parachute is usually equipped with fuel
tanks ranging in capacity from 5 to 20 gallons. As
with any aircraft, knowing how much fuel your fuel
tank holds is crucial to flight operations. The light-
sport aircraft powered parachute has no limitations as
to the size of the fuel tank, unlike its ultralight vehicle
predecessor. Most PPC powerplants require auto fuel
mid-grade or higher to be burned (see the powerplant
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operating handbook for specific engine specifica-
tions).

Generally, the fuel tank is located close to the center
of gravity, so fuel burn does not affect the balance of
the aircraft. Some fuel tanks are clear for visual in-
spection of the amount of fuel on board while others
are dark. Dark tanks or hidden tanks generally have a
sight tube to assist the pilot in determining the actual
amount of fuel. [Figure 3-14] Some powered para-
chute manufacturers offer optional fuel level probes
and instrument panel analog gauges or incorporate
this information into the EIS. As fuel is used by the
engine, air needs to enter the tank and take its place;
otherwise a vacuum will form inside the fuel tank
preventing the fuel pump from drawing fuel. This is
usually accomplished with a fuel venting system. This
can be a vent in the fuel cap or some other means that
vents elsewhere, providing the ability for the fuel tank
to breathe. Any vent system must be free of debris or
it will cause fuel starvation in flight. This is especially
true when a small hole is in the fuel cap that can be
easily plugged. Check the fuel venting system during
each preflight inspection.

Figure 3-14. Fuel tank with sight tube.

The fuel shut-off valve can be located anywhere in the
fuel line. It is important to make sure the fuel valve
is open and stays open for normal operation. Most
designs have a fuel tank sump drain valve to remove
water and solid contaminants. Each design is differ-
ent and the PPC POH will specify how to conduct
this check.

Throttle System

The throttle is the pilot’s hand control to regulate the
power provided by the engine. The configuration of
the throttle control varies from one cart manufacturer
to another. Refer to the POH of each individual PPC
for function reference. [Figure 3-15]
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Throttle

Figure 3-15. Powered
parachute throttle.

Figure 3-16. Reduction drives
reduce the propeller RPM from
the engine RPM by about half.

The Powerplant

The typical powered parachute engine can be two- or
four-stroke, liquid- or air-cooled, 50 to 100 horsepow-
er. Some engines have electric starters and some have
pull starters. Most PPC engines have reduction drives
that, when attached, reduce the propeller RPM to half
to one quarter the engine RPM. [Figure 3-16] The en-
gines are as varied as the powered parachutes they
power. Modern technology has allowed the powered
parachute engine to become lighter, more efficient
and, most importantly, dependable. Chapter 4 covers
the powerplant in more detail.

The Propeller

Propellers are “power converters” that change the
engine horsepower into “thrust.” Thrust is the force
that propels the aircraft through the air by pushing
the powered parachute forward. Aerodynamically
speaking, a propeller is a rotating airfoil and the same
principles that apply to the wing will apply to the pro-
peller. [Figure 3-17] Engine power is transferred to the
propeller through a rotating crankshaft that turns the
propeller through the air, producing thrust in the same
way as wings produce lift. The shape of the blade cre-
ates thrust vectors because it is cambered like the air-
foil of a wing. Consequently, as the air flows past the
propeller, the pressure on one side is less than that on
the other. As in a wing, this produces a reaction force
in the direction of the lower pressure. In the case of
the propeller, which is mounted in a vertical plane, the
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Figure 3-17. Airfoil sections of a propeller blade.

area of decreased pressure is in front of the propeller,
and the force (thrust) is in a forward direction. Aero-
dynamically, the thrust is the result of the propeller
shape and the angle of attack of the blade.

The typical powered parachute has a ground adjust-
able propeller. The adjustment of the propeller should
only be conducted to meet the engine manufacturer’s
maximum recommended RPM target. Pilots who are
not familiar with adjusting the propeller and how it
will affect the PPC performance should consult with
a knowledgeable source prior to making any propeller
adjustments.

The engine mount is designed by individual manu-
facturers for each cart configuration. The majority of
the total aircraft weight is determined by the engine
and mounting configuration. When trailering the PPC
over bumpy terrain or over long trips, the bouncing
of the cart in the trailer can put extreme stress on this
mounting system. In addition, repeated hard land-
ings of the cart can also stress the welds of the engine
mount. Consistent detailed inspections of the engine
mount should be an important part of every preflight
and post-flight inspection.

Just like an airplane propeller, the powered parachute
propeller turns at such great speeds that it becomes
invisible when in motion. The dangers of a turning
propeller require every pilot to maintain the highest
level of safety and respect for the consequences of
body parts, pets, and debris coming in contact with a
rotating propeller. Always treat the propeller as if the
ignition were on. Debris on the takeoff/landing field
is a danger to the propeller as well as to the people
who may be in the prop-wash area behind the pro-
peller. Stones, small pieces of metal, and sticks can
become dangerous projectiles if kicked into the pro-
peller during takeoff and landing. Just as with any
airframe or wing component of a powered parachute,
if the propeller becomes damaged, nicked or dinged,
the aircraft’s performance can be greatly affected.

Some pilots elect to use tape or rock deflector guards
to protect the leading edge from rock/debris damage.
Regardless, taking proper care of the PPC propeller is
as critical as proper engine and wing care.

Axle and Wheel Assembly

The rear and front wheels of the powered parachute
are an assembly and consist of a tire, a rim, and an
inner and outer set of wheel bearings. The wheel is
secured on a spindle and held in place by a nut and
a cotter pin. Each spindle is typically mounted on a
suspension system which provides elasticity and at
the same time is very strong. [Figure 3-18] The sus-
pension system varies by manufacturer from one cart
to another; refer to the POH for exact configuration
and components. Some powered parachute tires are
heavily treaded while others are smooth; pilot prefer-
ence and the terrain type are determining factors in
choice of tire profiles. [Figure 3-19] Tire sealant or
thorn guards can be used to minimize flat tires.

o _Ié.lberglass axle

.

Figure 3-19. Some powered parachute tires are heavily
treaded while others are smooth.
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This chapter covers the engines found on most pow-
ered parachutes and includes the exhaust, ignition,
fuel, lubrication, cooling, propeller, gearbox, induc-
tion, charging, and fuel systems. Reciprocating en-
gine operating theory is covered, for both two-stroke
and four-stroke engines.

The powered parachute engine and propeller, often
referred to as a powerplant, work in combination to
produce thrust. The powerplant propels the powered
parachute and charges the electrical system that sup-
ports PPC operation.

The engine is one of the key components of a powered
parachute and should be maintained according to both
the engine and airframe manufacturer recommenda-
tions. Preflight information, along with maintenance
schedules and procedures, can be found in the Pilot’s
Operating Handbook (POH) and/or maintenance ref-
erences from the manufacturers.

Engine inspections and maintenance must be per-
formed and documented in a logbook. You should
review this logbook before flying an unfamiliar pow-
ered parachute.

Reciprocating Engines

Most powered parachutes are designed with recipro-
cating engines. Two common means of classifying
reciprocating engines are:

1. By the number of piston strokes needed to
complete a cycle: two-stroke or four-stroke; and

2. By the method of cooling: liquid or air-cooled.

Refer to Chapter 5 of the Pilot’s Handbook of Aero-
nautical Knowledge for a comprehensive review of
how reciprocating four-stroke engines operate.

Two-Stroke Engines

Two-stroke engines are commonly used in powered
parachutes. Two-stroke aviation engines evolved
from two-stroke snowmobile and watercraft engines,

the difference being that an aircraft engine is opti-
mized for reliability with dual ignition often installed
for each cylinder. Two-stroke engines are popular be-
cause they have fewer components than four-stroke
engines which makes them less expensive to manu-
facture, and lighter, thus increasing their power-to-
weight ratio.

Two-stroke engines require that oil be mixed into the
fuel to lubricate the engine, instead of being held in a
sump and having a separate recirculating system like
a four-stroke engine. Details on two-stroke oil mixing
are covered later under the “Lubrication” section.

One stroke as the piston moves up is intake and com-
pression, the second stroke as the piston moves down
is power and exhaust. The two-stroke engine per-
forms the same functions as a four-stroke engine in
half the strokes.

A wide range of valve systems are found on two
cycle engines, for the purpose of opening and clos-
ing ports in the cylinder to let fuel in and exhaust out
at the proper time, similar to the intake and exhaust
valves on a four-stroke engine. One-way pressure
valves, called spring, reed, or poppet valves, open
when the pressure drops within the crankcase, pull-
ing the fuel from the carburetor into the crankcase.
[Figure 4-1]

Mechanical rotary valves are driven off the engine,
rotate to provide an opening at the precise time, and
can be on the intake and exhaust ports. [Figure 4-2]

Piston porting does not use any valves. The fuel inlet
port is opened and closed by the piston position as
it moves up and down in the cylinder. This is called
a “piston ported inlet” and will be used in the Two-
Stroke Process description that follows. [Figure 4-3]

Two-Stroke Process

The two-stroke process begins with the fuel enter-
ing the engine and concludes as it exits as exhaust.
[Figure 4-3]
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Figure 4-1. Reed valve is open with low pressure and closes when the pressure increases.

Crankcase Vacuum Intake Stroke—Piston
Moving up: Figure4-3atob

The upward stroke of the piston [Figure 4-3a] cre-
ates a vacuum in the crankcase and pulls the fuel/
air/oil mixture into the crankcase through the intake
valve system from the carburetor. [Figure 4-3b] This
can be a pressure-actuated reed valve, a rotary valve,
or a third ported inlet system where the lower piston
skirt provides an opening for the fuel/air/oil mixture
to flow in when the piston is reaching its highest
point Top Dead Center (TDC). At this point, the
greatest portion of the fuel/air/oil mixture has filled
the crankcase.

Crankcase Compression Stroke—Piston
Moving down: Figure 4-3 b to ¢

During the downward stroke, the pressure valve is
forced closed by the increased crankcase pressure,
the mechanical rotary valve closes, or the piston
closes off the fuel/air oil mixture intake port. The
fuel mixture is then compressed in the crankcase
during the downward stroke of the piston.

Crankcase Transfer/Exhaust—Piston at lowest:
Figure 4-3 d

When the piston is near the bottom of its stroke, the
transfer port opening from the crankcase to the com-
bustion chamber is exposed, and the high pressure
fuel/air mixture in the crankcase transfers around the
piston into the main cylinder.

This fresh fuel/air/oil mixture pushes out the exhaust
(called scavenging) as the piston is at its lowest point

4-2

Crank shaft
operates/rotates
rotary valve

Open port shown
for air/fuel intake

Figure 4-2. Intake rotary valve for a two cycle engine.

and the exhaust port is open. Some of the fresh fuel/
air/oil mixture can escape out the exhaust port result-
ing in the higher fuel use of the two stroke engine.

Cylinder start of Compression Stroke—Piston
initially Moving up: Figure 4-3 e

As the piston starts to move up, covering the transfer
port, the tuned exhaust bounces a pressure wave at
the precise time across the exhaust port (more on
this in the exhaust system discussion) to minimize
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Figure 4-3. Piston ported inlet for a two cycle engine.
the fuel/air/oil mixture from escaping out the ex- Intake Exhaust
Valve Valve

haust port.

Cylinder Compression Stroke—Piston Moving
Up: Figure 4-3 eto f

The piston then rises, and compresses the fuel mix-
ture in the combustion chamber. During this piston
compression process, the crankcase vacuum intake
process is happening simultaneously, as described
earlier. This is why four processes can happen in two
strokes.

Cylinder Power Stroke—Piston Moving Down:
Figure4-3 fto g

At the top of the stroke, the spark plug ignites the
fuel mixture and drives the piston down as the power
stroke of the engine.

Cylinder Power Stroke—Piston Moving Down:
Figure4-3gtoh

As the piston passes the exhaust port, the exhaust
starts to exit the combustion chamber. As the pis-
ton continues down, the transfer port opens and the
swirling motion of the air/fuel/oil mixture pushes the
exhaust out the exhaust port.

Piston Reverses Direction From Down Stroke to
Up Stroke: Figure 4-3 h to a

As the piston reverses direction from the down
stroke to the up stroke the process is complete.

Exhaust

Power

Figure 4-4. The cycles in a four-stroke engine.
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Four-Stroke Engines

Four-stroke engines are very common in most air-
craft categories, and are becoming more common in
powered parachutes. [Figure 4-4] Four-stroke engines
have a number of advantages, including reliability,
fuel economy, longer engine life, and higher horse-
power ranges.

These advantages are countered by a higher acquisi-
tion cost, lower power-to-weight ratios, and a higher
overall weight. The increased weight and cost are
the result of additional components, e.g., camshaft,
valves, complex head to house the valve train, etc.,
incorporated in a four-stoke engine.

Exhaust Systems

Engine exhaust systems vent the burned combustion
gases overboard, reduce engine noise, and (in the
case of two-stroke engines) help keep the fresh fuel-
air mixture in the cylinders. An exhaust system has
exhaust piping attached to the cylinders, as well as
a muffler. The exhaust gases are pushed out of the
cylinder and through the exhaust pipe system to the
atmosphere.

Some exhaust systems have an exhaust gas tempera-
ture probe. This probe transmits an electric signal to
an instrument in front of the pilot. This instrument
reads the signal and provides the exhaust gas tempera-
ture (EGT) of the gases at the exhaust manifold. This
temperature varies with power and with the mixture
(ratio of fuel to air entering the cylinders), and is used
to make sure the fuel-air mixture is within specifica-
tions. When there is a problem with carburetion, the
EGT gauge will normally be the first notification for
a pilot.

Two-Stroke Tuned Exhaust Systems

In two-stroke engines, the exhaust system increases
the fuel economy and power of the engine. The two-
stroke exhaust system is an integral part of any two-
stroke engine design; often controlling peak power
output, the torque curve, and even the RPM limit of
the engine.

The exhaust system must be tuned to produce a back
pressure wave to act as an exhaust valve. When hot
spent gases are vented out of the exhaust port, they are
moving fast enough to set up a high-pressure wave.
The momentum of that wave down the exhaust pipe
diffuser lowers the pressure behind it. That low pres-
sure is used to help suck out all of the residual, hot,
burnt gas from the power stroke and at the same time
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help pull a fresh fuel-air charge into the cylinder. This
is called scavenging and is an important function of a
tuned two-stroke exhaust system.

The design of the exhaust converging section causes
a returning pressure wave to push the fresh fuel-air
charge back into the exhaust port before the cylinder
closes off that port. That is called pulse-charging and
is another important function of the exhaust system.

Tuned exhaust systems are typically tuned to a par-
ticular RPM range. The more a certain RPM range
is emphasized, the less effective the engine will op-
erate at other RPMs. Vehicles like motorcycles take
advantage of this with the use of transmissions. Mo-
torcycle exhaust pipe builders can optimize a certain
RPM range and then the driver shifts gears to stay in
that range. Aircraft, with no transmission, do not have
this ability.

On an aircraft, an exhaust pipe has to be designed to
operate over a broad range of RPMs from idle to full
speed. This is part of the reason that simply putting a
snowmobile engine on a powered parachute doesn’t
work well.

Overall, the two-stroke exhaust system for a PPC is
a specific design and must be matched to the engine
to operate properly and obtain the rated power. It also
reduces noise and directs the exhaust to an appropri-
ate location. Exhaust silencers can be added to reduce
noise but additional weight, cost, and slight power re-
duction are the byproducts.

Four-Stroke Engine Exhaust Systems

Four-stroke engines are not as sensitive as two-stroke
engines because they have exhaust valves and there-
fore do not need the precision pulse tuned exhaust sys-
tem. However, directing the exhaust out appropriately
and reducing the noise are important considerations.
Again, using the manufacturer’s recommended con-
figurations is required for Special Light Sport Aircraft
(S-LSA) and recommended for Experimental Light
Sport Aircraft (E-LSA).

Two-Stroke Engine Warming

Two-stroke engines must be warmed up because met-
als expand at different rates as they heat up. If you
heat up steel and aluminum, you will find that the alu-
minum parts expand faster than the steel parts. This
becomes a problem in two different areas of many
two-stroke engines. The first place is in the cylinders
of the engine.
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The cylinders have steel cylinder walls that expand
slowly compared to aluminum pistons that expand
quickly. If an engine is revved too quickly during
takeoff before warming up, a lot of heat is generated
on top of the piston. That quickly expands the piston,
which can then seize in the cylinder. A piston seizure
will stop the engine abruptly.

The second area of concern is lower in the engine
around the engine crankshaft. This is an area where
things may get too loose with heat, rather than seizing
up. Additionally, the crankcase has steel bearings set
into the aluminum which need to expand together or
the bearings could slip.

Many two-stroke engines have steel bearings that nor-
mally hug the walls of the aluminum engine case. The
crank spins within the donuts of those steel bearings.
If you heat up the engine two quickly, the aluminum
case will out-expand those steel bearings and the
crank will cause the bearings to start spinning along
with it. If those steel bearings start spinning, they can
ruin the soft aluminum walls of the case, which is
very expensive.

If heat is slowly added to an engine, all the parts will
expand more evenly. This is done through a proper
warm-up procedure. Many two-stroke engines are
best warmed up by running the engine at a set RPM
for a set amount of time. Follow the instructions in
your POH; however, a good rule of thumb is to ini-
tially start the engine at idle RPM, get it operating
smoothly, and then warm the engine at 3,000 RPM
for 5 minutes.

Once the engine is warmed up and the powered para-
chute is flying, it is still possible to cool down the
engine too much. This will happen when the engine is
idled back for an extended period of time. Even though
the engine is running, it is not generating as much heat
as the cooling system is efficiently dumping into the
atmosphere. An immediate power application with a
cooled engine can seize the engine just as if the engine
had not been warmed in the first place.

In water-cooled engines, on a long descent at idle, the
coolant cools until the thermostat closes and the en-
gine is not circulating the radiator fluid through the
engine. The engine temperature remains at this ther-
mostat closed temperature while the radiator coolant
continues to cool further. If full throttle is applied, the
thermostat can open allowing a blast of coolant into
the warm engine. The piston is expanding because of
the added heat and the cylinder is cooling with the
cold radiator water resulting in a piston seizure. To

prevent this, slowly add power well before you get
close to the ground where you will need power. This
will give the system a chance to gradually open the
thermostat and warm up the radiator water.

Just as it takes a while for the engine crankcase and
bearings to warm up, it also takes those steel parts a
long time to cool down. If you land, refuel and want
to take off again quickly, there is no need to warm up
again for 5 minutes. The lower end of the engine will
stay warmed up after being shut down for short peri-
ods. An engine restart is an example where it would
be appropriate to warm the engine up until the gauges
reach operating temperatures. The lower end of the
engine is warm and now you only need to be con-
cerned with preventing the pistons from seizing.

Four-Stroke Engine Warming

A four-stroke engine must also be warmed up. The
four-stroke engine has a pressurized oil system that
provides more uniform engine temperatures to all its
components. You can apply takeoff power as soon
as the water, cylinder head temperature (CHT), oil
temperatures and oil pressure are within the manu-
facturer’s recommended tolerances for takeoff power
applications.

Gearboxes

Gearboxes are used on all powered parachute recip-
rocating engines to take the rotational output of an
internal combustion engine which is turning at a very
high RPM and convert it to a slower (and more useful)
RPM to turn the propeller. Gearboxes come in differ-
ent gear ratios depending on the output speed of the
engine and the needed propeller turning speeds.

A typical two-stroke RPM reduction is from 6,500
engine RPM with a 3.47 to 1 reduction, resulting in
1,873 propeller RPM. A typical four-stroke RPM re-
duction is from 5,500 engine RPM with a 2.43 to 1
reduction, resulting in 2,263 propeller RPM.

A gearbox is a simple device that bolts directly to the
engine and in turn has the propeller bolted directly
to it.

A two-cycle engine gearbox is kept lubricated with
its own built-in reservoir of heavy gearbox oil. The
reservoir is actually part of the gearbox case itself.
The gearbox oil has to be changed periodically since
the meshing of the gears will cause them to wear and
will deposit steel filings into the oil. If the oil is not
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changed, the filings themselves are abrasive and will
cause even more wear.

Some gearboxes have the electric starter motor built
into it. When activated, the motor turns the gearing,
which in turn cranks the engine itself.

Four-stroke propeller reduction gearboxes use oil
from the engine oil system for lubrication.

Centrifugal Clutch

Some gearboxes come with a built-in centrifugal
clutch, and others have allowances for installation. A
centrifugal clutch is very useful in a two-stroke engine
because it allows the engine to idle at a lower speed
without the load of the propeller. Otherwise, two-
strokes can generate a lot of vibration at low RPM
when loaded. As the engine speeds up, the centrifugal
clutch engages the rest of the gearbox and smooth-
ly starts the propeller spinning. When the engine is
brought back to idle, the clutch disengages and allows
the engine to again idle smoothly; the propeller stops
when on the ground and windmills when flying.

Propeller

The propeller provides the necessary thrust to push
the powered parachute through the air. The engine
power is used to rotate the propeller, which in turn
generates thrust very similar to the manner in which
a wing produces lift. The amount of thrust produced
depends on the airfoil shape, the propeller blade angle
of attack, and the engine RPM. [Figure 4-5] Powered
parachutes are equipped with either a fixed-pitch or
ground adjustable pitch propeller.

Fixed-Pitch Propeller

The pitch of this propeller is set by the manufactur-
er and cannot be changed. Refer to Chapter 5 of the
Pilot’s Handbook of Aeronautical Knowledge for ba-
sic propeller principles.

Ground Adjustable-Pitch Propeller

Adjustable-pitch propellers for PPCs can only be ad-
justed on the ground with hand tools. If an engine is
over-revving, more pitch can be added to the propeller.
If the engine is not developing the full recommended
RPM during flight, then some pitch can be taken out
of the blades. This should be done per the PPC’s POH
and by a qualified technician.

Induction Systems

The induction system brings air in from the atmo-
sphere, mixes it with fuel, and delivers the fuel-air
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mixture to the cylinder where combustion occurs.
Outside air enters the induction system through an air
filter on the engine. The air filter inhibits the entry of
dust and other foreign objects. Two types of induction
systems are used in powered parachute engines:

1. The carburetor system is most common; it mixes
the fuel and air in the carburetor before this
mixture enters the engine intake, and

2. The fuel injection system, which injects the fuel
into the air just before entry into each cylinder.

Carburetor Systems

PPCs use float-type carburetors. Reference the Pilot’s
Operating Handbook of Aeronautical Knowledge for
basics on float carburetor operation.

Modern two- and four-stroke carburetors operate with
one of three jetting systems, depending on engine
power. [Figure 4-6]

When the throttle is closed, for engine idling, the throt-
tle valve is closed and the fuel is supplied through the
idle (pilot) jet and idle (pilot) air passage. The fuel/
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Figure 4-6. Throttle position and jetting system used.

air/oil mixture is supplied to the cylinders through the
bypass hole. [Figure 4-7]

As the throttle is advanced and the throttle valve is
raised, the fuel is sucked up through the main jet but
is controlled by the opening and taper of the jet nee-
dle and needle jet. This is effective throughout most
of the mid range operation. About half throttle, the
main jet size starts to influence the amount of fuel
mixed with the air and this effect continues until it
is the main influence at the highest throttle settings.

[Figure 4-8]

Two-Stroke Carburetor Jetting

Carburetors are normally set at sea-level pressure,
with the jets and settings determined by the manufac-
turer. [Figure 4-9] However, as altitude increases, the

Figure 4-9. Typical 2-stroke carburetor.

Throttle valve

Pilot hole
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Idle Air
Pilot air screw
adjustment

Airbleed |- —— - i
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Figure 4-7. Pilot or Idle jet system.

Throttle slide cutaway

Jet needle

Airinlet

Needle jet

Main jet

Figure 4-8. Jet needle/needle jet and main jet system.

density of air entering the carburetor decreases, while
the density of the fuel remains the same. This creates
a progressively richer mixture, same fuel but less air,
which can result in engine roughness and an appre-
ciable loss of power. The roughness is usually due to
spark plug fouling from excessive carbon buildup on
the plugs. Carbon buildup occurs because the exces-
sively rich mixture lowers the temperature inside the
cylinder, inhibiting complete combustion of the fuel.
This condition may occur at high-elevation airports and
during climbs or cruise flight at high altitudes. To main-
tain the correct fuel-air mixture, you can change the
main jets and the midrange jets setting for base opera-
tions at a high density altitude airport. Operating from
low altitude airports and climbing to altitude where the
mixture becomes rich for short periods is OK.
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Operating an aircraft at a lower altitude airport with
the jets set for higher altitudes will create too lean of
a mixture, heat up the engine, and cause the engine
to seize. The pilot must be aware of the jetting for
the machine to adjust the mixture. Consult your POH
for specific procedures for setting jets at different al-
titudes.

Four-Stroke Mixture Settings

Four-stroke engines typically have automatic mixture
control for higher altitudes or a mixture control that
can be operated by the pilot.

Carburetor Icing

One disadvantage of the carburetor system versus the
fuel injected system is its icing tendency. Carbure-
tor ice occurs due to the effect of fuel vaporization
and the decrease in air pressure in the venturi, which
causes a sharp temperature drop in the carburetor. If
water vapor in the air condenses when the carbure-
tor temperature is at or below freezing, ice may form
on internal surfaces of the carburetor, including the
throttle valve.

Ice generally forms in the vicinity of the venturi throat.
This restricts the flow of the fuel-air mixture and re-
duces power. If enough ice builds up, the engine may
cease to operate. Carburetor ice is most likely to oc-
cur when temperatures are below 70°F (21°C) and the
relative humidity is above 80 percent. However, due
to the sudden cooling that takes place in the carbure-
tor, icing can occur even with temperatures as high
as 100°F (38°C) and humidity as low as 50 percent.
This temperature drop can be as much as 60 to 70°F.
Therefore, at an outside air temperature of 100°F, a
temperature drop of 70°F results in an air temperature
in the carburetor of 30°F. [Figure 4-10]

The first indication of carburetor icing in a powered
parachute is a decrease in engine RPM, which may be
followed by engine roughness. Although carburetor
ice can occur during any phase of flight, it is particu-
larly dangerous when using reduced power during a
descent. Under certain conditions, carburetor ice could
build unnoticed until you try to add power. To combat
the effects of carburetor ice, some engines have a carb
heat option. Some of the newer four-stroke engines
have carburetor heat turned on all the time to combat
icing. Two-stroke engines are typically less suscep-
tible to icing but specific installations dictate how sus-
ceptible the carburetor is to icing. Consult the aircraft
POH for the probability of carb ice for the specific
installation you have and for carb ice procedures.

Fuel Injection Systems

In a fuel injection system, the fuel is injected either
directly into the cylinders, or just ahead of the intake
valve. A fuel injection system usually incorporates
these basic components: an engine-driven fuel pump,
a fuel-air control unit, fuel manifold (fuel distributor),
discharge nozzles, an auxiliary fuel pump, and fuel
pressure/flow indicators. [Figure 4-11]

The auxiliary fuel pump provides fuel under pressure
to the fuel-air control unit for engine starting and/or
emergency use. After starting, the engine-driven fuel
pump provides fuel under pressure from the fuel tank
to the fuel-air control unit. This control unit, which
essentially replaces the carburetor, meters the fuel and
sends it to the fuel manifold valve at a rate controlled
by the throttle. After reaching the fuel manifold valve,
the fuel is distributed to the individual fuel discharge
nozzles. The discharge nozzles, which are located in
each cylinder head, inject the fuel-air mixture directly
into each cylinder intake port.

100%

High Carburetor
Icing Potential

Relative Humidity

(0°C) (21°C)

(38°C)
Outside Air Temperature

Figure 4-10. Although carburetor ice is most likely to
form when the temperature and humidity are in ranges
indicated by this chart, carburetor ice is also possible
under conditions not depicted.
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Figure 4-11. Fuel injection system.
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Some of the advantages of fuel injection are:

* No carburetor icing.

* Better fuel flow.

* Faster throttle response.
 Precise control of mixture.
« Better fuel distribution.
 Easier cold weather starts.

Disadvantages include:

« Difficulty in starting a hot engine.

* Vapor locks during ground operations on hot
days.

* Problems associated with restarting an engine
that quits because of fuel starvation.

Ignition System

The ignition system provides the spark that ignites the
fuel-air mixture in the cylinders. Components include
a magneto generator, an electronic control box that
replaces mechanical points, spark plugs, high-voltage
leads and the ignition switch(es). Individual manu-
facturer designs will vary and pilots must be familiar
with the aircraft operating procedures for the PPC be-
ing flown.

A magneto uses a permanent magnet to generate an
electrical current independent of the aircraft’s elec-
trical system which might include a battery. The air-
craft electrical system can fail—the battery can go
dead—however, this has no effect on the ignition sys-
tem which uses a separate generator in the magneto.
The electricity from the separate ignition coil on the
magneto generator goes into the ignition control box
where the correct voltage is produced and timed to
fire the spark plugs at the proper time. The magneto
also sends a signal to the electric control box to pro-
vide the timing signal to fire the spark plugs.

Most modern PPCs use an electronic timing system
instead of the mechanical points inside the old magne-
tos which also housed the points. Capacitor discharge
ignition (CDI) systems are a common example of an
electronic ignition system. Electronic ignition sys-
tems operate without any moving parts to increase
reliability and efficiency. A CDI system begins to fire
when the starter is engaged and the crankshaft begins
to turn. It continues to operate whenever the crank-
shaft is rotating.

Most powered parachutes incorporate a dual ignition
system with two individual coil systems in the mag-
neto, two individual electronic ignition timing sys-
tems (electric box), two separate sets of wires, and

two spark plugs per cylinder. Dual ignition systems
increase overall reliability of the engine. Each igni-
tion system operates independently to fire one of the
two spark plugs. If one ignition system fails, the other
is unaffected. The engine will continue to operate nor-
mally, although you can expect a slight decrease in
engine power.

The operation of the ignition system is controlled in
the cockpit by the ignition switch(es). Since there are
two individual ignition systems, there are normally
two separate ignition toggle switches.

You can identify a malfunctioning ignition system
during the pretakeoff check by observing the decrease
in RPM that occurs when you first turn off one igni-
tion switch, turn it back on, and then turn off the other.
A noticeable decrease in engine RPM is normal dur-
ing this check. If the engine stops running when you
switch to one ignition system or if the RPM drop ex-
ceeds the allowable limit, do not fly the powered para-
chute until the problem is corrected. The cause could
be fouled plugs, broken or shorted wires between the
magneto and the plugs, or improperly timed firing of
the plugs because of the control box.

It should be noted that “no drop” in RPM is not nor-
mal, and in that instance, the powered parachute
should not be flown. Following engine shutdown,
keep the ignition switches in the OFF position. Even
with the battery and master switches OFF, the engine
can fire and turn over if you leave an ignition switch
ON and the propeller is moved because the ignition
system requires no outside source of electrical power.
The potential for serious injury in this situation is ob-
vious.

Combustion

During normal combustion, the fuel-air mixture burns
in a very controlled and predictable manner. Although
the process occurs in a fraction of a second, the mix-
ture actually begins to burn at the point where it is
ignited by the spark plugs, then burns away from the
plugs until it is consumed completely. This type of
combustion causes a smooth buildup of temperature
and pressure and ensures that the expanding gases de-
liver the maximum force to the piston at exactly the
right time in the power stroke.

Detonation is an uncontrolled, explosive ignition of
the fuel-air mixture within the cylinder’s combustion
chamber. It causes excessive temperatures and pres-
sures which, if not corrected, can quickly lead to fail-
ure of the piston, cylinder, or valves. In less severe
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cases, detonation causes engine overheating, rough-
ness, or loss of power.

Detonation is characterized by high cylinder head
temperatures, and is most likely to occur when operat-
ing at high power settings. Some common operational
causes of detonation include:

* Using a lower fuel grade than that specified
by the aircraft manufacturer or operating the
engine after it has been sitting for an extended
period; after 3 weeks or as indicated by
your POH you should drain old fuel out and
replenish with fresh fuel.

» Operating the engine at high power settings
with an excessively lean mixture.

» Detonation also can be caused by extended
ground operations.

Detonation may be avoided by following these basic
guidelines during the various phases of ground and
flight operations:

» Make sure the proper grade of fuel is being
used. Drain and refuel if the fuel is old.

* Develop a habit of monitoring the engine
instruments to verify proper operation according
to procedures established by the manufacturer.

Preignition occurs when the fuel-air mixture ignites
prior to the engine’s normal ignition event. Premature
burning is usually caused by a residual hot spot in the
combustion chamber, often created by a small carbon
deposit on a spark plug, a cracked spark plug insula-
tor, or other damage in the cylinder that causes a part
to heat sufficiently to ignite the fuel-air charge. Preig-
nition causes the engine to lose power, and produces
high operating temperature. As with detonation, pre-
ignition may also cause severe engine damage, be-
cause the expanding gases exert excessive pressure on
the piston while still on its compression stroke.

Detonation and preignition often occur simultaneous-
ly and one may cause the other. Since either condition
causes high engine temperature accompanied by a
decrease in engine performance, it is often difficult to
distinguish between the two. Using the recommended
grade of fuel and operating the engine within its prop-
er temperature and RPM ranges reduce the chance of
detonation or preignition.

Fuel Systems

The fuel system is designed to provide an uninterrupt-
ed flow of clean fuel from the fuel tank to the engine.
See Chapter 3 for more information on fuel tanks. The
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Figure 4-12. Fuel pump system.

fuel must be available to the engine under all condi-
tions of engine power, altitude, attitude, and during all
approved flight maneuvers. [Figure 4-12]

Fuel Pumps

Powered parachutes have fuel pump systems. The
main pump system is engine-driven and sometimes an
electrically-driven auxiliary pump is provided for use
in engine starting and in the event the engine pump
fails. The auxiliary pump, also known as a boost
pump, provides added reliability to the fuel system.
The electrically-driven auxiliary pump is controlled
by a switch in the cockpit.

A diaphragm pump is the primary pump in the fuel
system for two-stroke engines. Air pulses in the
crankcase actuate a diaphragm and provide fuel under
pressure to the carburetor. Four-stroke engines have a
mechanical pump driven directly off the engine.

Fuel Plunger Primer

The fuel plunger primer is used to draw fuel from the
tanks to supply it directly into the cylinders prior to
starting the engine. This is particularly helpful during
cold weather when engines are hard to start because
there is not enough heat available to vaporize the fuel
in the carburetor. For some powered parachutes, it is
the only way to deliver fuel to the engine when first
starting. After the engine starts and is running, the
fuel pump pushes fuel to the carburetors and begins
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normal fuel delivery. To avoid overpriming, read the
priming instructions in your POH for your powered
parachute.

Choke

A choke or fuel enrichening system is an alternate
method to provide additional fuel to the engine for
initial cold starting. Actuating the choke control al-
lows more fuel to flow into the carburetor.

Fuel Bulb Primer

The fuel bulb primer is manually actuated by squeez-
ing the bulb to draw fuel from the tanks. This charges
the fuel lines and carburetor float bowls before start-
ing the engine the first time on a given day. After the
engine starts, the fuel pump is able to deliver the fuel
to the fuel bowls.

Fuel Gauges

The fuel quantity gauge indicates the amount of fuel
measured by a sensing unit in each fuel tank and is
displayed in gallons. Do not depend solely on the ac-
curacy of the fuel quantity gauge. Always visually
check the fuel level in the tank during the preflight in-
spection, and then compare it with the corresponding
fuel quantity indication. It is also important to track
your inflight fuel consumption. Be sure to consult the
POH for your powered parachute and know the ap-
proximate consumption rate to ensure sufficient fuel
for your flight.

If an auxiliary electric fuel pump is installed in the
fuel system, a fuel pressure gauge is sometimes in-
cluded. This gauge indicates the pressure in the fuel
lines. The normal operating pressure can be found in
the POH.

Fuel Filter

After leaving the fuel tank, the fuel passes through a
filter before it enters the fuel pump or carburetor. This
filter removes sediments that might be in the fuel.

Fuel

Aviation gasoline, or AVGAS, is identified by an oc-
tane or performance number (grade), which designates
the antiknock value or knock resistance of the fuel
mixture in the engine cylinder. The higher the grade
of gasoline, the more pressure the fuel can withstand
without detonating. Lower grades of fuel are used in
lower-compression engines because these fuels ig-
nite at a lower temperature. Higher grades are used
in higher-compression engines, because they must
ignite at higher temperatures, but not prematurely. If

the proper grade of fuel is not available, use the next
higher grade as a substitute. Never use a lower grade.
This can cause the cylinder head temperature to ex-
ceed its normal operating range, which may result in
detonation.

Unfortunately, aviation gasoline or AVGAS 100LL is
not recommended by at least one of the major two-
stroke engine manufacturers. Even though the “LL”
stands for “Low Lead,” 100LL contains more lead
than the old premium leaded gas dispensed at auto-
motive filling stations. The lead in the fuel leaves de-
posits in the piston ring grooves, freezing the rings in
position and reducing engine performance.

Spark plugs are also very susceptible to lead foul-
ing. This is especially true in two-stroke engines that
use cooler ignition temperatures than standard aircraft
engines.

AVGAS does have some advantages. It degrades
slower than regular gas, maintaining its efficiency for
a full 3 months. AVGAS 100LL has no seasonal or
regional variations and is manufactured according to
a standardized “recipe” worldwide.

If the airport has only 100LL available, it is permis-
sible, absent any limitations of the engine manufac-
turer, to mix 100LL and 89 octane gasoline, for use
in two-stroke engines. A 50-50 ratio will boost the
octane rating and limit the amount of lead available
for fouling. Generally speaking, this is a reasonable
compromise when 89 octane is not available.

Two-stroke engine manufacturers, and four-storke
engines used on powered parachutes, typically rec-
ommend the use of 89 octane minimum auto fuel for
their engines. Additives are put into auto gas primar-
ily to reduce harmful emissions rather than boost per-
formance. The additives are supposed to be listed at
the pump, but the accuracy of this posting should be
questioned.

Methanol alcohol has corrosive properties and can
damage engines. Engine manufacturers do not recom-
mend more that 3 percent methanol in fuel. Consult
the POH for specifics on your engine.

Ethanol alcohol is less corrosive than methanol. How-
ever, it attracts water and is not as economical as gas-
oline.Ethanol does not get very good fuel economy.
Avoid fuels with any more than 10 percent of ethanol
in it. Consult your POH for specifics on your engine.

Manufacturers provide specific recommendations for
the percentage of alcohol in fuel. The posting on the
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pump may not be accurate and alcohol content can
vary greatly between fuel brands and stations. Addi-
tionally, higher percentages of alcohol will be added
to auto gas in the future. A simple test can be con-
ducted to measure the fuel’s alcohol content to ensure
the fuel you use stays within the manufacturer’s rec-
ommendations.

Use a general aviation sump collector, which includes
graduation marks. Add water to a specific mark. Then
add fuel to fill the collector up to the line for gas. Cov-
er the top and shake it vigorously. After it settles, the
water and alcohol will combine and it will look like
there is now more water in the sump collector. The
difference between the initial amount of water you
first put into the collector and the new level of com-
bined water and alcohol equals the amount of alcohol
in the fuel. Compare this amount of alcohol and the
amount of fuel to determine the percentage of alcohol

content in the fuel.

Methyl Tertiary Butyl Ether (MTBE) does not have
the corrosive or water attractive properties of the
previously mentioned additives and is added to fuel
to improve air quality. It has been banned in several
states because it is carcinogenic and has been found
in groundwater. It does not attract water, but it is ex-
pensive, so you will find it only in some of the better
grade fuels.

Fuel Contamination

Clean fuel is imperative for the safe operation of a
PPC. Of the accidents attributed to powerplant failure
from fuel contamination, most have been traced to:

 Failure to remove contamination from the fuel
system during preflight.

* Servicing aircraft with improperly filtered fuel
from small tanks or drums.

* Storing aircraft with partially filled fuel tanks.
* Lack of proper maintenance.

Rust is common in metal fuel containers and is a com-
mon fuel contaminant. Metal fuel tanks should be
filled after each flight, or at least after the last flight of
the day to prevent moisture condensation within the
tank. Another way to prevent fuel contamination is
to avoid refueling from cans and drums. Use a water
filtering funnel or a funnel with a chamois skin when
refueling from cans or drums. However, the use of a
chamois will not always ensure decontaminated fuel.
Worn-out chamois will not filter water; neither will a
new, clean chamois that is already water-wet or damp.
Most imitation chamois skins will not filter water.

Bad Gasoline

Letting fuel sit for weeks without using it will cause
it to go bad. Even if gas does not go bad, it will often
lose its octane with time. For those that premix gaso-
line and two-stroke oil, there is another set of prob-
lems. Fuel and oil are normally mixed at a 50:1 ratio.
If premixed gas sits in a plastic container for a while,
the gas will evaporate out leaving a richer oil mixture
in the container. In any case, fresh gas should be used
as much as possible.

Refueling Procedures

Never mix oil and fuel in an enclosed area. Not only
are the fumes irritating, but with the right fuel-air
mixture you can cause an explosion. Do all oil and
gas mixing outside. Refueling from fuel cans should
also be done outside. Never smoke while refueling.

Be careful refueling an aircraft that has just landed.
There is the danger of spilling fuel on a hot engine com-
ponent, particularly an exhaust system component.

Refueling should be done using only safety-approved
fuel containers. The fuel containers should be marked
with the type of fuel stored in them. Confusing pre-
mixed fuel and fuel that has no oil in it can be disas-
trous.

There are advantages to both metal and plastic con-
tainers. Metal cans won’t allow the sun’s ultraviolet
rays in to harm the fuel. It also won’t develop static
charges like a plastic container may. However, a metal
can will be more prone to sweating when going from
cool to warm temperatures on humid days. Metal cans
and metal gas tanks are best kept either empty, or full
of fuel to leave no room for moist air.

Plastic fuel containers are easy to handle, inexpen-
sive, available at discount stores, and do not scratch
the finish on airframes. Plastic cans also do not sweat,
so they don’t need to be stored topped off. However,
fuel does deteriorate a little faster in plastic. Also,
plastic containers can get charged with static electric-
ity while sliding around in the bed of a pickup truck,
especially if the truck has a plastic bed liner. Many
states now have laws prohibiting people from filling
plastic containers unless first placed on the ground.

Static electricity can also be formed by the friction of
air passing over the surfaces of a powered parachute
in flight and by the flow of fuel through the hose and
nozzle during refueling, if fueling at a pump. Nylon,
Dacron, and wool clothing are especially prone to
accumulate and discharge static electricity from the
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person to the funnel or nozzle. To guard against the
possibility of static electricity igniting fuel fumes, a
ground wire should be attached to the aircraft before
the fuel cap is removed from the tank. The refueling
nozzle should then be grounded to the aircraft be-
fore refueling is begun, and should remain grounded
throughout the refueling process.

The passage of fuel through a chamois increases the
charge of static electricity and the danger of sparks.
The aircraft must be properly grounded and the noz-
zle, chamois filter, and funnel bonded to the aircraft.
If a can is used, it should be connected to either the
grounding post or the funnel. Cell phones should not
be used while refueling as they could pose a fire risk.

Mixing Two-Stroke Oil and Fuel

Two-stroke engines require special two-stroke oil to
be mixed into the fuel before reaching the cylinder of
the engine. In some engines, an oil injection pump is
used to deliver the exact amount of oil into the intake
of the engine depending on the throttle setting. An ad-
vantage of an oil injection system is pilots don’t have
to premix any oil into the fuel. However, an important
preflight check is to make sure the two-stroke oil res-
ervoir is properly filled.

If a two-stroke engine doesn’t have an oil injection
system, it is critical to mix oil into fuel before it is
put into the tank. Just pouring oil into the fuel tank
doesn’t give it the proper chance to mix with the gas
and makes it difficult to measure the proper amount of
oil for mixing. To mix two-stroke oil you should:

* Find a clean, approved container. Pour a little
gas into it to help pre-dilute the two-stroke oil.

* Pour in a known amount of two-stroke oil
into the container. Oil should be approved for
air-cooled engines at 50:1 mixing ratio (check
the engine manufacturer for proper fuel to oil
ratio for your PPC). Use a measuring cup if
necessary. Shake the oil-gas mixture around a
little to dilute the oil with gasoline.

* Add gasoline until the 50:1 ratio is reached. If
you choose to use a water separating funnel,
make sure the funnel is grounded or at least in
contact with the fuel container.

* Put the cap on the fuel can and shake the
gasoline and oil mixture thoroughly.
Starting System

Most small aircraft use a direct-cranking electric
starter system. This system consists of a source of

electricity, wiring, switches, and solenoids to operate
the starter and a starter motor. The starter engages the
aircraft flywheel or the gearbox, rotating the engine
at a speed that allows the engine to start and maintain
operation.

Electrical power for starting is usually supplied
by an on-board battery. When the battery switch is
turned on, electricity is supplied to the main power
bus through the battery solenoid. Both the starter and
the starter switch draw current from the main bus, but
the starter will not operate until the starting solenoid
is energized by the starter switch being turned to the
“start” position. When the starter switch is released
from the “start” position, the solenoid removes power
from the starter motor. The starter motor is protected
from being driven by the engine through a clutch in
the starter drive that allows the engine to run faster
than the starter motor.

Oil Systems

In a four-stroke engine, the engine oil system per-
forms several important functions, including:

 Lubrication of the engine’s moving parts.

» Cooling of the engine by reducing friction.

* Removing heat from the cylinders.

* Providing a seal between the cylinder walls and
pistons.

* Carrying away contaminants.

Four-stroke engines use either a wet-sump or dry-
sump oil system. Refer to Chapter 5 of the Pilot’s
Handbook of Aeronautical Knowledge for more in-
formation on four-stroke oil systems.

Engine Cooling Systems

The burning fuel within the cylinders produces in-
tense heat, most of which is expelled through the ex-
haust system. Much of the remaining heat, however,
must be removed, or at least dissipated, to prevent the
engine from overheating.

While the oil system in a four-stroke engine and the
fuel-oil mix in a two-stroke engine is vital to the in-
ternal cooling of the engine, an additional method of
cooling is necessary for the engine’s external surface.
Powered parachute engines operate with either air-
cooled or liquid-cooled systems.

Many powered parachutes are equipped with a cylin-
der head temperature (CHT) gauge. This instrument
indicates a direct and immediate cylinder temperature
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change. This instrument is calibrated in degrees Cel-
sius or Fahrenheit. Proper CHT ranges can be found
in the pilot’s operating handbook for that machine.

Air cooling is accomplished by air being pulled into
the engine shroud by a cooling fan. Baffles route this
air over fins attached to the engine cylinders where
the air absorbs the engine heat. Expulsion of the hot
air takes place through one or more openings in the
shroud. If cylinder head temperatures rise too much in
an air cooled engine, it is because of lubrication prob-
lems: cooling fan drive belt damage or wear, or air
blockage in the cooling fins by a bird or insect nest.

Liquid cooling systems pump coolant through jackets
in the cylinders and head. The heated liquid is then
routed to a radiator where the heat is radiated to the
atmosphere. The cooled liquid is then returned to the
engine. If the radiator is mounted low and close to the
propeller, the propeller can constantly move air across
the radiator and keep the engine cool even when the
powered parachute is not moving. Radiators mounted
high and away from the propeller raise the center of
gravity and make it more difficult for the radiator to

cool the engine unless the powered parachute is mov-
ing. Breaking in an engine through ground runs on a
hot day is when radiator placement is most critical.

Liquid-cooled engines can overheat for a number of
reasons, such as coolant not at proper levels, a leak, a
failed water pump, or a blockage of the radiator. Op-
erating an engine above its maximum design tempera-
ture can cause a loss of power and detonation. It will
also lead to serious permanent damage, such as scor-
ing the cylinder walls and damaging the pistons and
rings. Monitor the engine temperature instruments to
avoid high operating temperature.

Operating the engine lower than its designed tempera-
ture range can cause piston seizure and scarring on
the cylinder walls. This happens most often in liquid-
cooled powered parachutes in cold weather where
large radiators designed for summer flying may need
to be partially blocked off.
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Get Ready to Fly

Your preflight preparations should include evaluating
the airworthiness of the:

* Pilot: experience, sleep, food and water, drugs/
medications, stress, illness

* Aircraft: fuel, weight (does not exceed
maximum), density altitude, takeoff and landing
requirements, equipment

* EnVironment: weather conditions and forecast
for departure and destination airfields and route
of flight, runway lengths

» External pressures: schedules, available
alternatives, purpose of flight

Often remembered as PAVE, it is important for you to
consider each of these factors and establish your own
personal minimums for flying.

Once you determine the PAVE factors are favorable
for flight, you should obtain a weather briefing, check

|
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Notices to Airmen (NOTAMs) and Terminal Flight
Restrictions (TFRs), plan your flight (determine the
departure and destination airfield and route of flight),
file a flight plan (if planning to fly cross-country), and
head to your aircraft and point of departure. The pow-
ered parachute (PPC) may be stored in a hangar, ga-
rage, or covered traile—any place out of the weather.
Begin with a visual inspection of the cart, then warm
up the engine. Push or taxi the PPC to the takeoff
point, shut down the engine, lay out and inspect the
wing. Finally, strap into the PPC, start the engine, kite
the wing, and then continue the takeoff roll to lift off.
[Figure 5-1]

Trailering

Trailers may be used to transport, store, and retrieve
powered parachutes. The PPC components should
fit snuggly without being forced, be guarded against
chafing, and be well secured within the trailer. Once
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Figure 5-1. Typical sequence for a preflight inspection. Use the preflight checklist in your POH for every flight.
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the loading is completed, take a short drive, stop, and
check for rubbing or chafing of components.

Prior to taking the trailer on the road, inspect the
tires for proper inflation and adequate tread; check
all lights to make sure they are operating; ensure the
hitch is free moving and well lubricated; make sure
the vehicle attachment is rated for the weight of the
trailer; check the vehicle and trailer brake operation.

When using a trailer, there are other precautions to
note. First, avoid towing with too much or too little
tongue weight as this causes the trailer to fishtail at
certain speeds, and it may become uncontrollable.
Second, take care when unloading the PPC to avoid
damage.

Where to Fly

The powered parachute can be transported by trailer
from one flying field to the next. For as many benefits
as this provides, transporting the powered parachute
into unfamiliar territory also includes some safety and
operational issues.

Make contact with the airport management to inquire
about any special arrangements that may need to be
made prior to departing from an unfamiliar airport.
Check the Airport/Facility Directory (A/FD) for traf-
fic pattern information, no fly zones surrounding the
airport, and special accommodations that may need
to be arranged.

Title 14 of the Code of Federal Regulations (14 CFR)
part 91 states that powered parachutes are to avoid
the flow of all other air traffic. In addition, you should
inform local pilots about some of the incidentals of
powered parachute flight (such as flying low and
slow); the more information that other category pi-
lots know about PPC flight characteristics, the more
they will understand the specific needs of the powered
parachute in flight. Sharing the same airspace with
various aircraft categories requires pilots to know and
understand the rules, and understand the flight charac-
teristics and performance limitations of the different
aircraft.

The ideal departure area for a powered parachute is an
open grassy area clear of debris and obstacles with a
groomed, even surface. Concrete and asphalt surfaces
should be avoided, as well as lit runways, as the struc-
tural integrity of the wing and suspension lines may
be compromised during takeoffs and landings if the
wing catches on the runway surface or surrounding
lighting.

5-2

Powered parachutes do not normally take off where
the rest of the airport traffic takes off. This is to help
both the PPC pilot and the pilots of other aircraft. A
powered parachute requires time to set up and depart;
it is not polite or safe to tie up an active runway while
this is being done. Exceptions to this would be the
edge of a very wide runway or an undeveloped area
next to the active runway where setup can take place
well away from the centerline of that active runway.

Another reason PPC pilots typically don’t use stan-
dard runways is that you want to set up into the wind
to avoid a crosswind takeoff. While slight crosswind
takeoffs are possible, they are usually unnecessary
due to the short-field capabilities of a powered para-
chute. You should do your best to point the machine
into the wind before you lay out the wing.

Extend consideration to land owners that may own a
flight strip in their field. You need permission to use
private property as an airstrip. Locate the area on an
aeronautical sectional chart to check for possible air-
space violations or unusual hazards that could arise
by not knowing the terrain or location. Avoid loitering
around residential structures and animal enclosures
because of the slow flight attributes of the powered
parachute and the distinct engine noise.

While selecting a takeoff position, make certain the
approach and takeoff paths are clear of other aircraft,
or will be clear by the time the equipment is set up.
Fences, power lines, trees, buildings, and other obsta-
cles should not be in the immediate flightpath unless
you are certain you will be able to safely take off and
clear them during takeoff and climbout.

Walk the entire length of the intended takeoff and
landing area prior to departure. Look for holes, mud-
dy spots, rocks, dips in the terrain, high grass, and
other objects that can cause the aircraft to be damaged
or the wing to snag during takeoff and landing. Physi-
cally mark areas of concern with paint, flags, or cones;
a pothole may not look like a pothole from the air.

There are a number of preflight actions you must
perform, mandated by 14 CFR part 91. You must be-
come familiar with all available information concern-
ing your flight, to include runway lengths at airport of
intended use, takeoff and landing distance accounting
for airport elevation and runway slope, aircraft gross
weight, wind, and temperature. For a flight not in the
vicinity of a conventional airport, this information
must include weather reports and forecasts, fuel re-
quirements, and alternatives available if the planned
flight cannot be completed.
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Weather

The weather is a determining factor for all flight oper-
ations. Get a full weather briefing prior to your flight,
to include the current conditions and forecasts for
your departure and destination areas, and along the
route of flight. There are many sources for obtaining a
weather briefing, such as www.nws.noaa.gov, calling
1-800-WX-BRIEF, and a variety of internet sites that
specialize in local and regional weather. Crosswind
landings are possible in a powered parachute, but
crosswind takeoffs should be avoided. It is important
to review your departure procedure at your destina-
tion to ensure you don’t get into a field you cannot
depart from. In gathering your weather information,
know the wind conditions, temperature and dew point
spread, sky condition, and visibility. Review Chapters
10 and 11 in the Pilot’s Handbook of Aeronautical
Knowledge for a comprehensive understanding of
weather theory, reports, forecasts, and charts.

PPCs fly best in calm air. Check the wind forecast as
well as current conditions, as this information will de-
termine whether safe flight can be conducted. Winds
less than 10 miles per hour (MPH) are ideal; follow
the recommendations provided by the PPC manufac-
turer for the aircraft you will be flying. Steady winds
that are not gusting are more desirable, as the inflation
and overall performance of the wing is more predict-
able. For example, 5 MPH with no gusting is better
than 1 MPH gusting to 5 MPH. Some types of wings
perform differently in certain types of wind condi-
tions and pilotage skills—know your wing and your
abilities. Crosswind takeoffs in a powered parachute
are dangerous and should be avoided. If the runway
configuration does not allow for takeoff into the wind,
then the flight should be canceled or postponed from
that takeoff area. Do not attempt to take off in a cross-
wind with a powered parachute unless it is within the
pilot and aircraft capabilities, not a limitation in the
aircraft POH, and you have been trained thoroughly
for this advanced procedure. Crosswind landings are
possible in a powered parachute, but crosswind take-
offs should be avoided. It is important to review your
departure procedure at your destination to ensure you
don’t get into a field you cannot depart from.

Air temperature and humidity directly affect the per-
formance of the powered parachute wing and engine.
The powered parachute pilot who doesn’t understand
and respect the effect(s) density altitude has on any
given flight may get into situations that are not de-
sirable and could be hazardous. The higher the tem-
perature, humidity, and the actual altitude of the field

you are operating from, the greater the role density
altitude plays in determining how much runway the
powered parachute needs to get off the ground with
the load on board, and how much climb performance
the wing will have once airborne. The powered para-
chute may have cleared that obstacle at 8 a.m. when
the weather conditions were cooler with less humid-
ity, but at 1 p.m. with increased air temperature and
higher humidity levels the pilot will have to re-evalu-
ate the performance of that same aircraft. You need a
full understanding of density altitude to be a safe PPC
pilot; refer to Chapter 9 in the Pilot’s Handbook of
Aeronautical Knowledge.

Understand the different cloud formations and the
ground/air effects they can produce. [Figure 5-2] Cloud
clearance and visibility should be maintained for the
operations you intend to conduct (see Chapter 8 for
cloudclearancerequirements in each class ofairspace).
Knowledge of thermals and turbulence, and how to
determine where they can occur is also important.
[Figure 5-3]

Do not fly when ground and flight visibility is below
minimums for your pilot certificate and the class of
airspace where you will be operating (see Chapter 8).
Be particularly watchful for low visibilities when the
air and dewpoint temperatures are within a spread of
three or four degrees. The closer these temperatures
are to each other, the greater the chance for fog and
reduced visibility conditions.

In addition to adhering to the regulations and manu-
facturer recommendations for weather conditions, it’s
important for you to develop your own set of personal
minimums. These minimums will evolve as you gain
experience, and are also dependent on your recency
and currency in the make/model of aircraft you will
be flying.

Weight and Loading

Weight and loading must be considered before each
flight. Do not exceed the maximum gross weight as
specified in the POH. Always follow the POH perfor-
mance limitations.

The balance of the pilot, passenger, fuel and baggage
must be compared to the limitations, and the wing at-
tachment to the fuselage position must be within the
limits as specified in the POH. The cart must be bal-
anced properly or an unsafe cart configuration, either
nose-high or nose-low will result.
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Figure 5-2. Basic cloud types.

Figure 5-3. Turbulence encountered over manmade items and in nature.
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Figure 5-3 continued. Turbulence encountered over manmade items and in nature.

The Preflight Checklist

Use a written checklist during preflight and ground
operations. The checklist is an aid to the memory and
helps to ensure that critical items necessary for the
safe operation of the aircraft are not overlooked or
forgotten.

Certificates and Documents

The airworthiness of the powered parachute is de-
termined, in part, by the following certificates and
documents, which must be on board the aircraft when
operated:

» Airworthiness certificate.

 Registration certificate.

* Operating limitations, which may be in the
form of an FAA-approved Aircraft Flight
Manual and/or Pilot’s Operating Handbook
(AFM/POH), placards, instrument markings, or
any combination thereof.

* Weight and balance

AROW is the acronym commonly used to remember
these items. The pilot in command is ultimately re-
sponsible to make sure the proper documentation is
on board. [Figure 5-4]

Aircraft logbooks are not required to be on board the
powered parachute when it is operated. However, you
should inspect the aircraft logbooks prior to flight to
confirm the PPC has had all required tests and inspec-
tions. The owner/operator must keep maintenance re-
cords for the airframe and powerplant.

At a minimum, there must be an annual inspection
within the preceding 12-calendar months. In addition,
the powered parachute may also need a 100-hour in-
spection in accordance with 14 CFR part 91 if it is
used for hire (for example, for training operations). If
a transponder or a transponder/encoder with a pitot-
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Pegistation Ho: LS
Make: POWRACHUTE CORP
PEGASUS

Model:
Serial oz ANSPEG

Proase §Bnitations 113,4.8,6.9 000 001617, 10,00.20 12,24 24
adtalions 11 709 ILLLAS 16 X7 19 2000 10 20,25 26

Figure 5-4. Required documentation must be carried on
the aircraft at all times.

static system is used, it must be inspected within each
preceding 24-calendar months.

The pilot must have in his or her possession a valid
U.S. driver’s license, or a valid medical certificate
accompanied by a photo identification and pilot cer-
tificate. Sport pilots must also carry a copy of the en-
dorsements issued from their logbook indicating they
are qualified for the powered parachute category/class
for the aircraft they are flying. The wing shape (rec-
tangular or elliptical) and the landing system (land or
sea) will be specified in this endorsement.
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Visual Inspection

The accomplishment of a safe flight begins with a
careful visual inspection, regardless of the category/
class of aircraft you will be flying. The purpose of the
routine preflight inspection is twofold: to determine
the powered parachute is legally airworthy, and that it
is in condition for safe flight. You determine whether
the PPC is in a condition for safe flight by a thorough
and systematic preflight inspection of the aircraft
and its components. The preflight inspection should
be performed in accordance with a printed checklist
provided by the powered parachute manufacturer for
the specific make and model of aircraft. However, the
following general areas are applicable to all powered
parachutes.

The preflight inspection should begin as soon as
you approach the aircraft. Since the powered para-
chute can be transported by trailer, the unloading of
the aircraft allows you extra opportunity to look the
cart over from front to back and top to bottom. First
and foremost, you need to look for any damage that
may have occurred during transit. Make note of the
general appearance of the aircraft, looking for obvi-
ous discrepancies such as tires with low air pressure,
structural distortion, wear points, cart damage, and
dripping fuel or oil leaks. All tie-downs, control locks,
and chocks should be removed during the unloading
process.

It is absolutely necessary you are thoroughly familiar
with the locations and functions of the aircraft sys-
tems, switches, and controls. Use the preflight inspec-
tion as an orientation when operating a make/model
for the first time.

The actual “walk around” is a routine preflight inspec-
tion and has been used for years from the smallest
general aviation airplane to the largest commercial
jet. The walk around is thorough and systematic, and
should be done the same way each and every time an
aircraft will be flown. In addition to “seeing” what
you’re looking at, it requires you take the appropri-
ate action whenever a discrepancy is discovered. A
powered parachute walk around will cover five main
tasks:

1. Cart inspection

2. Powerplant inspection

3. Equipment check

4. Engine warm-up and check

5. Wing and suspension line inspection
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Each PPC should have a specific routine preflight in-
spection checklist, but the following can be used as a
guideline for most PPCs.

Cart Inspection

Check the front nosewheel for proper play, tire infla-
tion, and secure axle bolt. Test the ground steering bar
connection points and ensure there is smooth steering
range of motion from the steering bar. Check and se-
cure the connections between the front fork and the
front axle and the front fork and the gooseneck. [Fig-
ure 5-5]

Figure 5-5. Check for proper tire inflation and that the axle
bolt is secure.

When brakes are installed, it is common for them to
be on the front nosewheel. Typically, they are drum
or disk style operated by a cable; it is important to
inspect the cable lock, assuring it is tight. The brakes
may be hydraulic disk brakes that also incorporate a
cable; in this case, inspect both components. Check
brakes and brake systems for rust and corrosion, loose
nuts/bolts, alignment, brake pad wear/cracks, signs of
hydraulic fluid leakage, and hydraulic line security/
abrasion.

Inside the cart where the pilot sits, check the seats,
seat rails, and seat belt attachment points for wear,
cracks, and serviceability. A few manufacturers offer
powered parachutes with adjustable front seats. The
lever moves the pin in and out of the seat rail holes
and the seat then moves forward and back along the
rail. The seat rail holes should be checked for wear;
they should be round and not oval so there is no 