Your RV is a high performance airplane capable of meeting
many flying needs. Our testing, both on the ground and in the
air, show that the airplane, flown properly, is capable of many
missions: it is an excellent cross-country cruiser, and a fine
airplane for efficient just-for-fun flying. It is also capable of very
good sport aerobatics.

Properly approached, aerobatic flight can be very enjoyable and
can help a pilot hone and expand his flying skills. However, a
careless approach to aerobatics can result in disaster. Following
are suggestions and guidelines, based on our 30+ vyears
experience, which are offered to assist you in flying your RV
safely in all flight regimes including, if you choose, aerabatics.

Now is a good time to plant firmly in you brain the concept that,
although the RV is a sturdy airframe, it is NOT indestructible. In
aerobatic flight, the pilot is almost always the limiting factor.
This statement conjures visions of a completely reckless hot rod
pilot—not someone like you. While this type of pilot is definitely
an accident looking for a place to happen, bad things can also
happen to “regular pilots” for offenses no worse than acting on
assumptions and ignoring cautions. Let's look at some of the
reasons this is so.

A MATTER OF GRAVITY

When Isaac Newton defined the attraction between objects and
called it GRAVITY, he could just as well have defined the force
as “the ememy of flight.” In airplanes, we can counteract
gravity for short periods, if we have a suitable aerodynamic
shape, sufficient energy to move the suitable aerodynamic
shape through the air and create lift, and control of both. If we
loase the shape, the energy or the control, the airplane will fall
toward the center of the Earth.

GRAVITY is what causes an airplane’s SPEED to increase,
perhaps beyond safe limits, when its ATTITUDE (nose) is
pointed down.

GRAVITY also causes an airplane’'s SPEED to decrease, per-
haps 1o below stall speed, when its ATTITUDE (nose) is pointed
up.

In most flying, it is easy to forget that gravity is still at work.
Normal flight attitudes prevent gravity from getting the upper
hand. But when we begin flying aerobatics and start pointing
the airplane both directly toward and directly away from the
center of the Earth, the effects of gravity become vastly more
dramatic.

Some very simple mathematics should help us understand
why:

In level flight an RV requires about 225 Ibs. of propeller thrust to
produce a speed of 200 mph. Pointed straight down, GRAV-
ITY {or weight) becomes the same as thrust. Now we have the
weight, say 1500 Ibs, plus the thrust of 225 Ibs acting to
produce speed. With 1725 Ibs, of thrust rather than just 225
Ibs., how long do you imagine it will take to reach a destruc-
tively high speed?

OK, let’s not be so bold and only lower the nose to a 30° down
attitude. Nowv the thrust component contributed by gravity is
750 Ibs, bringing the total thrust to “only” 925 Ibs. In other
words, lowering the nose 30° quadruples the force pulling the
airplane!

With all this extra energy, especially in an aerodynamically clean
airplane like the RV, you're going to be going like stink before
you know it. By our quick calculations, a full power 30° dive
would yield a top speed of 370-380 mph.

Why is this a problem? Because at speeds well above Vne (red
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line), aerodynamic flutter and other forms of aeroe-
lasticity can destroy an airplane. Also, as speeds
increase above maneuvering speed (Va), the possi-
bility of pilot induced “G" overloads increases.

Let's have a quick review of airspeed vs. G load potential (lift).
At stall speed, a wing can produce only enough lift to support
the weight of the aircraft, or 1 G. As speed increases, the lift
potential increases in proportion to the square of the speed.
Thus, at twice stall speed, the lift potential will be 2 squared or
4 Gs. At 3 times the stall speed, it is 9 Gs, etc. Maneuvering
speed is calculated by multiplying the square root of the design
limit (in the case of the RVs, 6 Gs) times the 1G stall speed.
This works out to between 132 and 142 mph for various RVs
operating at the aerobatic gross weight of 1375 to 1550 Ibs.
At any speed greater than maneuvering, and at its maximum lift
angle of attack, the wing will produce lift in excess of 6 times
the aircraft weight, or more than 6 Gs. Thus, at any speed
above maneuvering, the pilot must AOT use full control move-
ment lest he overload (overstress) the wing. At Vne (red line)
speed of 210-230 mph (depending on the model) an RV is
capable of producing almost 16 Gs if you pull hard enough. It
should be very

obvious  that
YOU as the pilot
must CON-
TROL your stick
force inputs to
keep G loads
within  design
limits. To
graphically illus-
trate this con-
cept, we have
provided this V-N DIAGRAM
graph, or more
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specifically, a V-N load diagram. The sloped curve represents
the maximum lift that can be produced by elevator pressure at
a given speed. The dotted line extending above maneuvering
speed (Va) shows the speed range in which pilot induced
structural overload can occur,

THE KEY TO SURVIVAL

In one word, the key to safe flight, particularly safe aerobatic
flight, is CONTROL. Flying your RV safely under any condition
involves only one essential: maintaining CONTROL. In level
flight, maintaining control is not normally a difficult thing. We
spend our lives right side up and are familiar and comfortable
there. When we decide to turn ourselves upside down,
everything becomes unfamiliar and it is easy to become con-
fused and loose CONTROL.

This section was intended to contain a few catchy slogans
which could be easily remembered to keep you under CON-
TROL and out of trouble. The trouble is, despite several inspired
starts, | can’t reduce all of the intricacies of safe flying within a
few buzzwords. Words like Altitude control, Airspeed control,
Acceleration (G) control, energy management, situational
awareness, and velocity vectors are all appropriate. But, they
can have different meanings, or no meaning at all, to different
pilots. Simply memorizing slogans doesn’t assure that control
will be maintained and that survival will be assured.

As | was pondering the selection of the perfect buzz words, |
happened to be reading a book about Charles Lindbergh written
by his daughter Reeve. In one chapter she described a child-
hood flight with her father in a rented Aeronca. When a sudden
engine failure necessitated a dead stick landing in an impossibly
small Connecticut farm field, she commented that Lindbergh
wasn't flying the airplane, he was “being the airplane”. While
this may sound like nothing more than metaphoric prose, | feel
that those three words are a beautifully simple summarization




of the theme | am trying to convey. The most skilled pilot is
one who knows flying, and the airplane he is flying, so well that
he is essentially an integral and indispensable part of that
airplane.

The pilot who is “being the airplane” knows instinctively that he
must balance CONTROL of attitude, altitude, airspeed, and
acceleration so that GRAVITY does not win.

AEROBATICS: TO DO OR NOT TO DO

While your RV has been designed and tested for sport aerobat-
ics, you may not feel the need or desire to perform them—you
may find more than enough satisfaction from flying that does
not include aerobatics, G-forces or extreme attitudes. There is
nothing wrong with this. Certainly, a pilot can greatly enhance
his overall flying skills through learning and practicing aerobat-
ics. However, he can also enhance his skills through practice of
non-aerobatic maneuvers. Aerobatic flying almost always pre-
sents an increased risk. When undertaken with careful training
and planning, the risk is small. When approached any other
way, aerobatics can be deadly. If you choose not to pursue
aerobatics, it could well be a sign of superior judgement rather
than lack of courage.

The following not-so-hypothetical (but entirely possible} airport
conversation exchange, is NOT the right way to make your
decision.

SOME THOUGHTS ABOUT ABNORMAL AT-
TITUDES AND AEROBATICS

For the sake of this discussion, | will refer to common sport
aerobatic maneuvers that the RV does well. These include rolls,
loops, hammerhead turns, spins, and various combination
rolling and looping maneuvers such as horizontal 8s and Immel-
man turns. Properly flown, these maneuvers can be accom-
plished without exceeding about 4 G’s positive, and well within
the airspeed limits.

Here are some suggestions and guidelines to help you maintain
control while flying your RV. These are based on my 5000
hours of accident free RV flight time, and the hundreds of
thousands of hours of other successful RV pilots. Unfortu-
nately, they are also based on the mis-adventures of others that
have not been as successful.

First, | want to impress upon you that any aerobatics which you
might chose to perform in your RV should be viewed as a
completely new and different endeavor than all of the “normal”
flying which you have done. Although the FARs don’t define
aerobatic flight specifically as exceeding 30° pitch and 60°
bank, let’s use those numbers for the sake of the following:

The difficulty or risk of a maneuver does not necessarily vary in
direct proportion to the angle of flight. In reality, a 60° pitch
angle poses much more than twice the

Is this your RV?

“Yup, just finished it a couple
months ago.”

How many hours ya got on it?

“Thirty. | just got the test time flown
off.”

Done any rolls yet?

“No, | haven't had any aerobatic
training yet. There isn't a flight
school around here that teaches it.”

Awww..you dont need that. My
friend Louie over to Spudsville, he's
got an RV-4. He never had no
aerobatic trainin” and he does ‘e all
the time. He sez all ya gotta do is
yank the stick back a bit, slam in a
bunch of aiferon and rudder and it’s
around before ya know it.

“That does sound really easy. Tell
Maybe I'll try one next time I'm up. “

If you do choose to do aerobatics in your RV, make sure it is
your decision and you are comfortable with it.

WHAT CONSTITUTES AEROBATICS?

According to FAR 91.301, “Aerobatic flight” means “an inten-
tional maneuver involving an abrupt change in an aircraft's
attitude, an abnormal attitude, or abnormal acceleration, not
necessary for normal flight.”

FAR 91.307 states that “unless each occupant of the aircraft is
wearing an approved parachute, no pilot of a civil aircraft
carrying any person (other than a crew member) may execute
any intentional maneuver that exceeds:

e abank of 60° relative to the horizon
or

* a nose-up or nose-down attitude of 30° relative to the
horizon.

Note that “aerobatics” is not defined by bank or pitch angle.
These specifics only apply to wearing chutes. Any abrupt
attitude change, abnormal attitude, or excessive acceleration
can be construed as aerobatics.

me again how it's done?

You took instruc-
tion when you
learned to fly right
side up. Get in-
struction if you
want to learn to fly
upside down!

challenge and risk of control loss than
does a 30° pitch angle. A 120° pitch
angle (inverted steep climb) poses an
infinitely greater risk than a 30° pitch
angle, not just 4 times as much. The
same applies to bank angles. Once you
get the aircraft into an inverted position,
a completely new and much more de-
manding realm of flight begins. You
should not undertake any form of aero-
batic flight casually. You might ask: “A
roll only takes a few seconds, how can
| possibly get into much trouble in that
short time?” “What can possibly be so
difficult if it is over so fast?” If you have
had aerobatic training, you already
know the answer to this. If not, take
some aerobatic dual and you will soon
learn.  But, never, never try to teach
yourselfl  You took instruction when
you learned to fly right side up. Get
instruction if you want to learn to fly upside down!

Our goal is to approach intentional aerobatics in a manner that
will minimize the possibility of loss of control, and to practice
and plan procedures for safely regaining control in the event
that it becomes necessary.

Contrary to the fatalistic examples above, loss of control need
not be permanent—it can be corrected and safe flight resumed.
Ability to recognize impending loss of control can lead to
immediate corrective action and retention of control. Knowl-
edge of procedures for regaining control can minimize the out of
control excursions. EXAMPLE: Recognition of pre-stall buffet
can alert the pilot to add power and/or lower the nose, thus
avoiding a stall. If this signal is missed and a stall occurs, stall
recovery procedures can be applied before significant loss of
altitude or attitude control occurs. If this is not done, a spin
could ensue, and even then corrective action can be taken.
However, you must be able to recognize danger signals, assess
corrective action required, and take this action, instinctively and
without delay, from unusual and uncomfortable attitudes.
Therein lies the challenge.

When a loss of control occurs at abnormal attitudes that are
commonplace in aerobatics, the pilot may have more trouble
regaining control because of being disoriented by the unusual




attitude. Often a pilot can remedy this problem by thinking in

terms of finding the “quickest way back to normal”, or the

shortest route back to wings level. This should be a part of
formal aerobatic training, and should also be a part of the

.planning for any aercbatic maneuver attempted: “What should
| do if—---?"

PRE-AEROBATIC RV FAMILIARIZATION

Flying an RV can be intoxicating. The exhilarating performance,
the light, responsive, harmonized flight controls—it’s an easy
airplane to love. Its also an easy airplane to master, or perhaps
its easy to feel that you are its master. However, to the
unwary, it can offer up surprises, as suggested in forgoing loss
of control scenarios. To help avoid these pitfalls, before
attempting unusual attitudes, which can lead to loss of control,
you should become thoroughly familiar ~with all “usual” and
ssemi-usual” attitudes. Below are a list of suggestions of
training and familiarization maneuvers.

SLOW FLIGHT: Practice flying slow, at power off and mini-
mum level flight power. You should be able to hold the 1AS
within 5-10 mph above stall for several minutes, or until the
engine overheats. You should be able to roll into and out of
tumns up to 30° bank angles within this speed range. This will
teach you to recognize control feel as speed decay, regardless
of attitude.

STALLS: Stalls of every conceivable variety. Power off,
minimum level flight power, full power, wings level, banked
turns, accelerated. All combinations of these. Because of the
unusual attitudes, which will be commonplace during aerobat-
ics, you must be prepared to recognize and recover from stalls
encountered at any attitude. While stalls should not occur
during properly executed aerobatics, you must be prepared for
anything that can happen. Progress from gentle power off and
low power stalls to stalls in full power climb attitudes. These

ill definitely be uncomfortable, but if you can't handle them,
you're not ready for aerobatics.

STEEP TURNS: A good way to become familiar with unusual
bank angles is through practicing steep turns. Practice stopping
the roll at precise bank angle and at a pitch angle to maintain
altitude. A steep tun attitude also provides an opportunity to
experience elevator stick forces needed to produce G loads.

LAZY EIGHTS: This is an excellent training maneuver often
overlooked in private pilot flight training programs. [t teaches
control coordination and attitude control over a wide range of
airspeeds. It provides an easy and progressive introduction to
unusual attitudes. Performed correctly, it is very demanding
because the airplane is constantly moving about all three control
axes, as are the cockpit flight controls. It is a good avenue to
humility.

SPINS: A thorough knowledge of spin recognition and recovery
is an absolutely essential pre-requisite for aerobatics. Spins are
a classic example of control loss, and they can accidentally
occur at very unusual attitudes when you are doing aerobatics.
You must be able to recognize signs of impending spins and
make corrections before the spin can fully develop. Once fully
enveloped in a spin, the “quickest way back to normal” be-
comes more distant.

SMOOTH FLYING: Some pilots fly airplanes as if they were
being controlled by short circuited robots; they sort of jerk the
airplane around the sky. Others fly the plane as if it were
flowing though the air on a precisely programmed track. The
difference could be a mater of preference, or more probable, is
a mater of training and finesse.

To gain a better understanding of smooth yet assertive flying,
.?ts define two terms: control RATE and control ACCELERA-
ION. RATE is the change in position per unit time. Most often

we hear of roll rates, in degrees per second. For instance, it
may require 15° of up aileron to produce a steady roll rate of

90° per second. Pitch rates are also important because they, in
combination with forward speed, have a definite relation to G
joads, but we rarely see pitch rate figures published.

ACCELERATION is the rate change per unit time. We rarely
hear this term, but it refers to the rate at which an airplane
responds to control application. For the sake of this discussion
we will limit its use to define the rate at which the pilot applies
control force. Or, how much time does it take to move the
stick from neutral to the 15° up aileron position that will
produce a desired roll rate of perhaps 90° per second. The
difference between smooth and jerky flying is primarily a matter
of control acceleration. Does the pilot apply control abruptly
with rapid acceleration, or gradually, with a lower acceleration?
The following graphs represent an attempt to illustrate the
difference through a plot of control application.

Plot #1 shows the fastest way to complete a roll, whether it be
a 360° roll or just the rolling needed to establish a 45° bank.
The steep ramp of the plot indicates abrupt control application
to produce a large control deflection and achieve the target roll
rate in a minimum time. It would be an effective procedure to
execute a crisp air show roll, but would not be the most
desirable way to establish a 45° bank with aload of passengers
on board, or even to perform an enjoyable recreational aerobatic
roll,

The shallow

slope of Plot #2
shows very gen-
tle control de-
flection and the
resultant much
longer time to
achieve the de-
g | sired roll rate and
the total degrees
of rotation de-
sired. This
would be practi-
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Plot #3 depicts
the technique
that smooth pi-
lots use, al-
though they
may not be
aware of it. The
curved lines
shows how the
pilot eases into
and out of a high
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roll rate. This is
through the use of a quick yet smooth control application. The
overall time to complete the roll is only slightly increased, but
the jerkiness is completely eliminated.

Fly your RV enough to become thoroughly familiar with its
performance, controllability, and limits before attempting formal
aerobatic flight. What measure of “thorough” is sufficient? 10
hours, 50 hours, or 100 hours? It's impossible to say....the
figure will vary widely, from practically nothing to infinity.

If you are not comfortable with any of the above training
pre-requisites, extreme stalls, unusual attitudes, etc., then
you're probably not ready, or even suited, for aerobatics.

Your own judgement, and that of your aerobatics instructor, are
needed to make this determination.















