Aerobatics:
beyond straight & level
After you’ve learned to fly, you’ll naturally progress to
aerobatics. This chapter reviews how to properly trim
your model for optimum performance and describes
aerobatic maneuvers in detail.
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Why is IMAC so hot?
A growing world of fun …
by Dan Wolanski

O MATT E R
WHICH
way you
turn, manufacturers seem to be
churning
out
IMAC-style airplanes, engines
and accessories at
a
phenomenal
rate. With the
onslaught
of
CAPs, Giles and Extras, the scale aerobatic enthusiast has at last found utopia. But is this hot trend
in the modeling industry based on the airplanes,
the thrill of competition, or both?
IMAC has been around for over 24 years, and
its original intent and premise have managed to
remain fundamentally intact for nearly a quarter
of a century because of their simplicity. IMAC’s
goal is simple: “To duplicate full-scale aerobatics
with RC aircraft in a realistic manner that is challenging for the contestants as well as interesting
for the spectators.”
So what is IMAC all about? Basically, IMAC
competition is broken into two completely separate events: Compulsory and Freestyle. Scoring for
each is kept separate, and you do not have to
enter both to compete. By far the most popular is
Compulsory—a set of 14 to 16 maneuvers
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grouped together to form a sequence. These
sequences are changed yearly and often reflect the
maneuvers flown by the full-scale Inter-national
Aerobatic Club (IAC). Scoring is based on a perfect
10 for each maneuver, with downgrades for

various mistakes. In Freestyle, pilots are encouraged to “strut their stuff.” Anything goes during
the 3-minute event, with scoring based on originality, harmony and rhythm, execution and
versatility. Many mistake Freestyle for sport flying, but the true competitor quickly realizes that
harmony and rhythm always win over mayhem
and chaos.
IMAC’s common appeal to the average Sunday
flier—as well as to the competitor—seems to stem
from one thing: the airplane. I know that when I
made the decision to compete, I was steered
toward pattern. I was already flying an Ultimate
and wanted to learn, but information regarding
pattern airplanes and kits is very hard to find. It
took me months to locate the publication
“K-Factor,” which covers every aspect of pattern.
When I began to study the prospects of competition, I found that the typical pattern plane looks
much different from your typical scale airplane.
The average pattern plane is very sleek and sexy,
but I prefer something with a little more girth on
its fuse; enter IMAC.
IMAC’s rules regarding scale state that the
plane’s “percent of scale” is determined by its
wingspan. Once the percent of scale is known,
you can stretch the fuse up to 10 percent and
reduce the width as much as 20 percent from
scale; this makes legal nearly every Ultimate and
Extra kit sold at the hobby shop. Additionally,
most of the legal scale airplanes flown at contests
are off-the-shelf airplanes such as Goldberg
Ultimates and Midwest Extras, which are easy to
find. These scale planes really sparked my interest, and it was only natural that I competed with
what I already had.
The most recent trend in IMAC seems to be the
large-scale airplane. IMAC has no minimum aircraft size requirements, and for years, 1.20-size
airplanes dominated the circuit. In fact, the 1.20size airplane is still a very strong competitor at
IMAC contests throughout the nation. Most folks
who are interested in starting IMAC or who have
transportation limitations outfit themselves well
with a 1.20-size plane. But lately, the thrill of
finessing a large-scale airplane through an aerobatic sequence seems to be the desired course. I
must admit that I, too, have been bitten by this
“big” bug.
I believe that this trend has been fueled by the
spectacular size of aircraft found at the

Ed Rogala of Midwest Products poses with his Extra 300S. Guess
what? It’s built from a Midwest kit.

The author scratch-built this 28 percent Ultimate.

Randy Brown flies a Midwest Giles 202 in competition.
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Hot IMAC engine setup!
When shopping for an engine to power your large-scale airplane, your primary concern is the power-to-weight ratio. Two manufacturers
who are concentrating on the IMAC market with this in mind are 3W and Brison Aircraft. Shown here is a Brison 2.4 on glow. The engine
is supplied from Brison as a gas engine complete with ignition, or it can be converted to glow for you at no additional charge.
An advantage of gas is that it is less expensive to run, but it puts out less power than glow, whereas glow means a lighter engine
(because the ignition is gone), but it must carry more fuel. Sound like a Catch-22? It really isn’t; the Brison 2.4 glow runs on methanol
with 4 percent oil; no nitro. You can purchase methanol at a local racecar
shop for only $3 to $4 a gallon. The 2.4 will fly approximately 12 minutes on
a 16-ounce tank, bringing the cost and weight of glow for this engine clearly
into the lead.
When does gas become more attractive? When you get to the engines
with 3.7ci and above. On glow, engines this large have to carry too much
methanol, and the additional wing loading isn’t worth the extra power.
So, what’s the hot prop in IMAC? Again, there are two popular choices
among the IMAC competitors. One is the Bolly carbon fiber, and the other is
the Menz wood. The Bolly carbon is noticeably stiffer and holds its pitch truer
during loading, but it has a sticker price that’s twice that of the Menz and still
requires a bit of tip-sanding to quiet the prop noise. The Menz has a very efficient airfoil and is lighter than the Bolly. You decide.

Tournament of Champions. Though it’s unlikely
that the average modeler will have the funds and
support vehicle to sustain a 40-percent Extra, the
28- to 35-percent market perfectly fills the niche
of size versus cost. Most kits in this range are not
that expensive and don’t require a semi-trailer to
get to the field. There is also the age-old premise
that “bigger flies better”; this has been debated
by pilots and judges for years.
My contention is that you can win with any
aircraft, big or small, as long as you practice. I
proved that point by winning the 1997 Advanced
NW Regional Championship with my YS
1.20NC-powered Extra 260. I flew against nothing smaller than a 30-percent Laser all year, but
still came out on top. I do believe that bigger
probably “presents” slightly better, but it’s certainly not like night and day; more like dusk
versus dawn … take your pick.
Now, if all of this information has captured
your curiosity, you may be wondering how to get
started in IMAC. My suggestion is to start with
the compulsory sequences and work your way
through some very basic maneuvers.
Start by flying your plane out at a set distance
of, say, 100 yards in front of you. At this distance,
begin to fly parallel to the runway. Resist the
temptation to bring the airplane back to you by
banking left or right. Instead, use a turnaround
maneuver such as a hammerhead to retrace your
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aircraft’s previous path in the opposite direction.
Trying to keep the airplane at the 100-yard distance throughout your flight will serve two
purposes. First, it will teach you how to control
your aircraft before, during and after an aerobatic
maneuver, thus making you a better pilot. After
all, banging on the sticks and letting the airplane
decide the outcome is not IMAC flying; it’s sport
flying. Second, it will teach you how to recognize
and maintain the foundation of every IMAC flying maneuver: straight and level flight. Once you
have recognized what straight and level flight
looks like (notice I didn’t say “master it”; after
five years in IMAC, I’m still trying to master it),
it’s time to think about doing a few center
maneuvers.
Pick out a section of three to four maneuvers
from the IMAC Aresti sequence that you feel confident you can complete, in succession and
within a 150-degree box. Don’t worry if it is in
the middle of the program; just start where you
feel comfortable and confident. Keep in mind
that it won’t be easy at all, and it may even be a
little scary. Now fly these maneuvers as well as
you possibly can. Remember, you don’t get a free
pass between the maneuvers; you must fly one
after another. Try to keep the plane straight and
level between each maneuver, and throttle back!
The biggest mistake made by newcomers is forgetting
to throttle back. A properly flown sequence will

Mike Breen likes to fly big Extras in IMAC competition. In front is a Lanier Extra 300S, which
he modified to a 300L; his Godfrey 300L is in the background.

before entering. This will give
you an idea of what the
judges are looking for and
which areas to improve. It’s
best to teach yourself the right
way from the start instead of
breaking bad habits later.
Additionally, you will see how
a contest is run before you
throw yourself into the arena.
Finding out where contests
are held and whom to contact
is a matter of knowing where

This 30 percent Pirate Extra 260 was built by Doug Fox.

not be done at full throttle but will require a lot
of throttle management throughout the program. Also, be sure to keep your plane at about
100 yards out during the entire sequence.
The other mistake new fliers commonly make
is to fly on top of themselves, as when you sport
fly. This will get you into trouble in a hurry by
shrinking your box so small that you will feel
rushed and out of sync. Once you feel like you
can perform your chosen segment well, start
tacking on the maneuver before and after as
shown on the Aresti. In time, you will find yourself stringing together the entire sequence and
looking ahead toward your first contest. I think
you will also find a new direction and focus to
your trips to the field, besides boring holes in the
sky. A well-performed sequence will give you a
sense of accomplishment that you probably
haven’t felt since your first solo flight. I suggest,
however, that you attend a local IMAC contest

to look. The quickest way to find out about activity in your area is to visit the IMAC website at
www.mini-iac.com. The site contains the current
sequences, maneuver descriptions and regional
director contacts. You may also sign up for an
IMAC mailing list, which is probably the best
channel of information IMAC has to offer. Many
manufacturers, TOC pilots and IMAC officers
lurk on this list, so if you have any questions, you
will undoubtedly receive an answer. Additional
information can be obtained by joining IMAC.
You’ll receive four newsletters that are packed
with flying, building and setup tips from seasoned veterans. You will also get news from
around the nation and the latest policies concerning IMAC. To find out how to join, click on
the IMAC website: www.mini-iac.com.
Coming full circle and answering the question,
“Is it the airplane or the thrill of competition that
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How to fly a Basic sequence
Here are some tips and insights on how
to begin flying IMAC. The beginning category is called “Basic.” Basic is the first 10
maneuvers of the Sportsman sequence.
Take a minute to review the 1998
sequence and follow along.
Start by entering into the wind, wings
level. Call the box to the judges by saying, “In the box!”
1. Loop: fly to the center of the box
(straight in front of you) and perform an
inside loop. The loop should be symmetrical, centered and should end at the same
place as you started it. Make the loop at
least 100 feet in diameter, or it will present terribly. Exit straight and level and
head to the end of the box for the next
maneuver.
2. Hammerhead (also called a stall
turn): from level flight, pull vertical and
head straight up. Pull back on the power.
As the plane approaches zero airspeed,
apply full rudder in either direction to
allow the plane to rotate around its center
of gravity. After the plane rotates and
begins heading downward, slowly release
the rudder. Retrace your upward line and
exit with the same radius as you entered.
Exit straight and level and head to the
center of the box for the next maneuver.
3. Two continuous rolls: before you
reach the center, apply aileron to begin
rolling. Your goal is to have the plane
cross the center pole as you begin your
second roll. As you watch your plane roll,
feed down-elevator when inverted and

up-elevator when upright to keep your
plane from losing elevation. The roll rate
is not important, but maintaining heading
and elevation is. Note: these rolls are
continuous, and stopping anytime during
the maneuver will earn you a zero! Exit
straight and level and head to the end of
the box for the next maneuver.
4. Immelmann: use the same technique as you used with a full loop, but
immediately after executing the half loop,
roll to upright without losing heading or
elevation. Maintain this higher elevation
and begin reducing throttle for your next
maneuver.
5. Two-turn spin: as you approach the
center pole, reduce throttle to idle and
begin holding the nose up with your elevator. The pitch of the plane is not
important as long as you don’t gain altitude. Your goal is to have the plane stall
right over the center pole. When the nose
finally falls, begin applying full aileron
and rudder in the same direction to
induce a spin. The direction of the spin is
not important. Just before you have completed two full revolutions, let go of the
stick and recover heading straight down.
After establishing your downline, pull level
and exit. Head to the end of the box for
the next maneuver.
6. Half Cuban-8: as you approach
the edge of the box, pull back on the
stick and perform 5⁄8 of an inside loop.
As you approach the 5⁄8 mark, begin
feeding in down-elevator to establish an

inverted 45-degree downline; calculate
how far it is to your entry altitude and
roll upright when you are halfway there.
As you approach your entry altitude,
apply up-elevator to exit with the same
radius as you drew during the loop portion. Maintain wings level and head to
the other end of the box for the next
maneuver.
7. Humpty Bump half roll down: as you
approach the end of the box, pull vertical
with a radius you can easily duplicate
throughout the maneuver. Head straight
up long enough to establish a vertical
line, and perform a half loop at the top
with the same radius as used to enter the
maneuver. Don’t forget to reduce throttle
to idle before you pull over the top, or you
will be screaming toward the ground. As
you begin heading straight down, calculate at which altitude you’ll want to exit,
and perform a half roll when you are
halfway there. Now end the maneuver with
the same radius, heading back toward the
center of the box, wings level.
8. Hammerhead, 1⁄4 roll up, 1⁄4 roll
down: immediately before approaching
the center pole, pull vertical with a gradual radius and head straight up. Decide
how tall you want to make the maneuver,
and when you are halfway there, roll the
plane 1⁄4 revolution. Note: you can roll in
either direction, but the preferred method
to make the maneuver easier is to be
looking at the top of your airplane instead
of the bottom. Now, cut the throttle as

2002 IMAC BASIC SEQUENCE
wind

Figure

Description

1

Inside loop

2

Humpty Bump: vertical
up line, 1⁄2 inside loop
over the top, 1⁄2 roll on
vertical down line. Exit
upright.

3

Hammerhead or stall
turn; exit upright.

4

1 full roll

5

Shark’s tooth: vertical
up line, 1⁄2 roll on
inverted 45-degree
down line. Exit upright.

6

Vertical up line; exit
upright.

7

8

1

2
Start of sequence.

3

5

4

7

6

1
⁄2

Split-S: roll
to inverted, 1⁄2 inside loop.
Exit upright.
1
⁄2
1
⁄2

Cuban-8: 5⁄8 inside loop,
roll on 45-degree down line. Exit upright.

you approach the top of the maneuver,
and perform a hammerhead as previously described. After the
hammerhead, proceed straight down and
1
⁄4 roll in the opposite direction at exactly
the same location as before. Continue
straight down and exit with the same
radius and altitude as you entered. Fly to
the end of the box, wings level for the
next maneuver.
9. Humpty Bump, half roll up: this is

8

End of sequence.

basically the same as the other Humpty,
except you roll on the way up instead of
on the way down. Be sure to keep the
radiuses the same throughout the
maneuver. Head to the end of the box,
wings level for the next maneuver.
10. Half Reverse Cuban-8: way before
you approach the end of the box, pull the
plane to a 45-degree upline and decide
how high you want to make the maneuver. Hold the 45; when you are halfway to

the top of the maneuver, roll to inverted,
apply a little down-elevator to maintain
the 45-degree line and continue upward.
When you have reached the top, reduce
the throttle and begin your 5⁄8 inside loop.
Begin with a radius that will ensure that
you end up at the altitude where you
started. End the maneuver with wings
level and call, “Out of the box!”
You have just completed a Basic
sequence. Congratulations!

makes IMAC so hot?” really depends on who you
ask. Most Sunday fliers are content to know that
the exact plane they are flying can aggressively
compete and win in the IMAC arena; others have
to prove it to themselves. In the end, though, it
really doesn’t matter what excites you about
IMAC … as long as you have fun doing it!

The Sukhoi is another popular IMAC scale model.
What would scale aerobatics competition be without the
venerable Pitts Special?
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Get ready for
flight competition
Practice, practice, practice!
recision aerobatic competition is a sport
like no other. Whether it is IMAC
(International Miniature Aerobatic Club)
or AMA pattern, guiding your plane
through a predetermined set of aerobatic maneuvers is one of the most gratifying experiences in
modeling. Some pilots may contend that aerobatics is not for them, but let’s face it: when you first
began to learn how to fly, what did you ask your
instructor over and over? I’ll lay odds it was, “Can
I do a loop now?” or “How do I do a roll?” Then,
after you cut the trainer cord, did you just continue
to fly around the sky in a racetrack pattern executing nice level turns? Once again, I’d bet a handful
of Vegas chips that you started toying with rolls,

P

by Dan Wolanski

loops, spins and snaps. This, my fellow pilots, is the
grassroots of aerobatic competition. What you do
from this point on will determine whether you are
destined to compete.
When you watch someone else fly, do you find
yourself saying, “I can do that,” or “That looks
easy”? When that person leaves, have you ever
found yourself trying some of the maneuvers you
saw him/her perform? If so, you’ll recognize the
reality that we are all born to compete. If you
choose to ignore your primal instinct, so be it. If
you want to learn how to harness your zest for
competition, read on.

ARESTI DIAGRAMS—BREAKING THE CODE
Family 1: Lines & angles

Family 5: Stall turns

Family 9: Rolls
Aileron roll

Upright flight (positive G)

Stall turn

Inverted flight (negative G)

4
2

Family 6: Tail slides
Family 2: Turns & rolling turns

⁄4

4-point roll
2 of 4-point roll
Positive-G snap-roll

Tail slide

11⁄2 positive-G snap-rolls

Rolling circle
Negative-G snap-roll

Family 3: Combinations of lines

Family 7: Loops & figure-8s

General symbols
Full roll (360 degrees)
1
⁄2

roll (180 degrees)

Start of maneuver

Family 8: Combinations of
lines, angles & loops

Family 4: Spins

End of maneuver
Unfilled triangle = inside snap

Positive-G spin (inside)

Solid triangle = outside snap
Humpty Bump

Negative-G spin (outside)

Unfilled wedge = inside spin (1 turn)
Solid wedge = outside spin (1 turn)

In full-scale aerobatics, pilots generally draw diagrams of the maneuvers they’ll
perform. The sequence they're flown in is taped to the instrument panel. If
you've looked into the cockpit of an aerobatic plane and have seen such a diagram, I bet you've wondered what all the lines, arrows, dashes and arches
mean.
Devised in the early 60s by Jose Louis Aresti, the Aresti system of symbols
has become the standard for the international aerobatic community and is still
in use today. Aresti symbols are an easy way for pilots to communicate their
maneuvers to one another and for judges to keep track of aerobatic maneuvers.
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RC pilots also use Aresti symbols to track their maneuvers in IMAC events.
The system consists of 14 “families” of figures, and within each family are
many variations. For example, family 1 comprises lines and angles—as many as
68 types. Family 2 includes 60 variations of turns and rolling turns, and so on.
Altogether, 834 basic figures can be combined to create thousands of maneuvers and sequences. Also, each figure has a small circle to show the start and a
small vertical line to indicate the end of the maneuver. Shown above are the
basic figures that maneuvers comprise, and there’s a description of what the
figure represents.

EARLY SEASON

REFINEMENT

When winter breaks its stranglehold on the land,
it’s finally time for early season flying—the toughest time in the entire season. Your reflexes and
flying skills have diminished during the long hiatus, and if you fly IMAC, you are faced with a fresh
set of maneuvers that you may never have
attempted. To make the most of this season, start
by just flying straight and level for the first few
flights. Warm your thumbs up to the feel of flying
out about 100 yards in front of you, straight and
level. Keep your plane parallel to the runway at all
times, and retrace your path with a turnaround
maneuver. The fundamental of every aerobatic
maneuver is straight and level flight, and it cannot
be stressed enough. When you are comfortable flying straight and level, you may want to try a few of
your favorite maneuvers from last year. This will
help to build your confidence, which is key during
this time. As your confidence grows, try a few
maneuvers from the new sequence, but don’t try to
fly the entire sequence. Your pilot skills and concentration are at an all-time low, and you will
quickly become frustrated. Pick out an easy section
in the new sequence and try to fly it “in the box.”
Then string on more maneuvers until your confidence or concentration becomes strained. This
“strain” is analogous to the burn bodybuilders feel.
If you don’t push yourself, you will never develop
your brain to concentrate for an entire sequence,
but don’t overdo it! Flying slightly strained is good;
flying totally strained will surely lead to re-kitting.
By now you will have gone to the field a few
times, and you may want to attempt the entire new
sequence. But before you do, practice the difficult
maneuvers; you don’t want your brain to freeze up
when you get to those parts in the sequence. Take
a day or two and fly nothing but difficult maneuvers. When you practice a difficult maneuver, be
sure to fly the maneuver that precedes it, and continue with the next maneuver in the sequence in
case you need to adjust your elevation or heading.
When you can do the difficult maneuvers, it’s time
to attempt the entire sequence. Go ahead and give
it your best shot. Remember to throttle back
between maneuvers to give your brain time to think
about the next one. Concentrate on straight and
level flight, and don’t be afraid to break sequence if
you can’t quite get it yet. After you go through the
sequence once, you will find yourself saying, “I can
do it!” Now you’re ready for the next step.

As a kid, you learned “Practice makes perfect,” but
practicing a mistake over and over does nothing
but teach you how to consistently mess up. Let’s
rework that saying to read “Perfect practice makes
perfect.” Practicing with perfection requires you to
formulate a practice plan—a goal or set of goals in
your mind—before you head out to the field.
The human brain is like any other organ or muscle: it is strong after resting and tires with use. This
means that you are sharpest during your first flight
or two, and then your eye/hand coordination deteriorates and your reaction time slows. Your ability
to detect minor heading changes or flaws
decreases, and flying becomes more difficult. The
practice plan you develop must revolve around
your ability to concentrate, so you should perform
the most difficult maneuvers first. For this reason, I
suggest you fly the entire sequence on your first
flight of the day. Fly it exactly as you would at a
contest. Resist the temptation to mess around or go
back to redo a bad maneuver. If you screw up a
maneuver or part of the sequence, do not stop;
press yourself through the entire flight. This is
exactly how you will feel on your first flight in a
contest: fresh off the bench and into the air, you
need to teach yourself to calm down quickly for the
first sequence of the day. Also, your brain is at its
most responsive during your first flight, and you
should use this time effectively. Have your caller
watch for areas that need improvement, and after
the flight, sit down with him or her to review any
flaws and agree on how you should attempt to fix
them.
Start your second flight by attempting to fix any
errors you made in the first flight. Have your caller
direct you to the problem areas of the sequence. Be
sure to fly exactly where you intend to fly it in the
context of the sequence. This is very important. If
you are having a problem with an end maneuver,
do not practice it in the center because it will look
completely different to you. Likewise, do not practice the segment close in if you usually fly farther
out. Perception is everything; if your plane looks
“different” to you when you’re trying to improve a
maneuver, you will defeat the purpose of the plan.
When you get to the problem maneuver, have your
caller verbalize the fix immediately before you
attempt it. If you want, your caller can even tell
you when to input rudder during the maneuver by
saying, “Now.” You will be amazed at how much

43

2

AEROBATICS: BEYOND STRAIGHT AND LEVEL

verbal cues help when you are trying something
new. If you notice an improvement but still agree it
isn’t as good as you would like it, turn your plane
around, chop the throttle and listen to your caller’s
suggestions. For example, your caller may say, “It
looks like you gave enough rudder, but the input
was too abrupt. Try to input the rudder more
smoothly.” Armed with this revised plan, go back
and try it again. Once again, have your caller verbalize the fix right before and possibly during the
maneuver. If you notice improvement, great! Go
back and do it again to confirm your results. If you
don’t, go on to the next segment that needs
improvement. You can revise your plan after you
land and agree to try something different on the
next flight.
Before you attempt your third flight of the day,
I suggest that you relax a bit. More than likely
you are a bit fatigued. You will probably have a
newfound spark about you if you did notice
improvement in your second flight, and you will
be eager to test your skills within the sequence. If
you feel up to it, go ahead and attempt the entire
sequence. Chances are your brain will not be as
sharp as before, but you should notice an
improvement. You may want your caller to
remind you of the fix again. I have found this
very helpful until I become comfortable with the
new inputs. If you attempt any more flights, I
suggest that you work on specific maneuvers, just
as you did in flight no. 2. By now, your brain is
past its peak responsiveness, and you may not be
able to concentrate for an entire sequence. If you
push too hard, you risk frustrating yourself and
losing some of the confidence you gained.
CONTEST WEEK

The week before a contest should be filled with
mostly complete sequences. By now, the refinement technique has certainly resolved or aided
your quest to obtain higher scores on your weakest maneuvers. Now it is time to practice the
entire sequence again. After all, the sequence
must be flown with precision and grace. If you
don’t polish the entire package, your net gain
will be zilch! If a particular maneuver is still giving you problems, do the best you can to improve
its presentation, even though you know it isn’t
perfect. This week, resist the temptation to go
back and fix botched maneuvers during a
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sequence. You must train yourself to recover and
continue. Mistakes happen during contests, and
you need to be prepared for them.
Your equipment must also be in perfect working order. Go over every inch of your plane to be
sure that there are no loose fasteners or parts.
Make sure that your engine is in top working
condition. If you are worrying about your engine
quitting during the sequence, you are sure to
lose points. Now is the time to work out every
detail of how your plane will perform on contest
day. Make any adjustments to the airframe or
engine early in the week to allow for test flights.
Never make adjustments immediately before a
contest without making a test flight. You do not
want to show up at a contest with an unforeseen
problem that may have been induced by your
adjustments.
CONTEST DAY

Contest day is all about focusing on what is
between your ears. If you have prepared properly,
you should be confident. Your biggest challenge
is to scope out the field and find some visual
clues. After all, your plane won’t know the difference between landing at your field or one 300
miles away, but you sure will! If you can, fly at
the field the day before the contest. Fly a few
sequences and get the feel for the landscape. You
will need to adjust to the prevailing winds, sun
direction and landing conditions. If you have a
chance to fly on the morning of the contest, do
so only to verify that your engine mixture is set
properly and your plane is trimmed. Resist the
temptation to do a complete sequence; save your
concentration for later.
As the contest begins, try to relax and maintain
your composure. Sure, you’re going to be a little
nervous in front of the judges; that’s normal. But
don’t let it get the best of you. If you notice that
you are scoring particularly poorly on a certain
maneuver, you may want to ask the judges what
they saw. Try to obtain as much input regarding
your performance as possible. If the remedy to scoring higher on a particular maneuver is very simple,
e.g., you aren’t flying fast enough for the current
wind conditions, you may want to try it on your
next attempt. If the remedy requires a bit more
thought, e.g., your point rolls are not being placed
where they should, do not attempt to fix it at the

The importance
of a caller
A caller is perhaps the pilot’s
most useful tool in practice
and competition. As you can
see in the photo, the caller
stands directly behind the pilot
during the sequence and helps
guide the pilot through the
flight. A caller has many functions, the most obvious being
to call out the next maneuver.
Yes, even if you have practiced
your sequence a hundred
times, you will be amazed at
how absent-minded you can
become in front of a set of
judges. A good caller will not
only call the maneuver but will
also help you see things in
your flight that you may miss.
You may not notice that you’re
losing heading or elevation,
but a good caller will. A great
caller will do all of this and tell
you the transmitter input to
correct your mistake. For
example, if you exit a maneuver and seem to be heading
away ever so slightly, your
caller may tell you, “Left rudder; you’re heading out.” It is
perfectly legal for your caller to
tell you anything you want during a sequence. Though some
may find it distracting, I see it
as a great advantage—especially if your caller is another
competitive pilot.

contest. Catalog and make notes on ways to
improve maneuvers, but resist the temptation to
drastically alter the way you have been performing
them. Adjusting to environmental changes is
something that must be done at every contest, but
fundamental changes in the way you fly must be
practiced before you’re in front of the judges.

The next day, you must perform this new sequence
in front of the judges for part of your overall score.
Unknowns usually separate good pilots from great
pilots. Pilots who have years of experience tend to
do better because they have flown nearly all of the
individual maneuvers at some time or another.
Pilots who have practiced the “Known” sequence
but have little contest experience find themselves
at a slight disadvantage. One thing is sure: there’s
nothing like being handed a sequence the night
before and flying it the next day. If you are uncomfortable about flying Unknown sequences, don’t
worry; they are only found in the Sportsman,
Advanced and Unlimited levels of competition.
Basic fliers are never asked to fly an Unknown, but
some contest directors will allow basic fliers to participate to gain the experience. The scores will not
count toward the contest totals, but the experience
may be enough to compel you to move on to the
next class.
AFTER THE CONTEST

You may want to take a few days off from flying
after a contest. Chances are, you’re a bit burned out
and need to relax. When you do get back to flying,
pull out your notes from the contest along with
your score sheets. Focus on the maneuvers with the
lowest scores, and work on them using the refinement technique outlined previously. As the season
progresses, you should find yourself becoming very
confident in the sequence and in your flying abilities in general. Practicing for competition will
make you a superior pilot more quickly than you
ever imagined. You will also find that you are able
to recover from any attitude or heading with ease
and confidence. You may even begin to practice
maneuvers from the next higher class to “test the
waters.” By all means, continue to press yourself
and experiment with precision aerobatics; one day,
you may find yourself with a wall full of trophies
and a lifetime full of memories.

UNKNOWN SEQUENCES

The beauty of IMAC is that you are often required
to fly an “Unknown” sequence during competition. An Unknown is a never-before-seen sequence
that is given to the pilots the night before they fly.
You can review, talk about and pretend to fly the
sequence with a “stick plane,” but you are not
allowed to actually fly or practice the sequence.
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Master the most
basic maneuver

Straight and level flight
by Dan Wolanski

maneuvers to master. Sure, rolling circles, tail
f you’ve seen individual IMAC maneuvers,
slides and multiple snaps each have their own
you’ve probably noticed one factor that ties
levels of difficulty, but think about what comes
everything together: “straight and level
before and after each one of these: straight and
flight.” When flying an aerobatic sequence,
level flight. One of the most difficult things to do
you must start and finish each of your maneuvers
after performing a rolling circle or a snap is to
in straight and level flight. Since straight and
level flight signifies the end of one maneuver and
retain the same flight path. The judges look for
the beginning of
the next (see Figure
1), it’s fitting to disFIGURE 1. STRAIGHT AND LEVEL FLIGHT
cuss this portion of
your sequence.
You should practice straight and
level as much as
you do any other
maneuver. It is also
where new precision-aerobatics
pilots should begin.
It may seem like
the most boring
thing to do, but in
reality, straight and
Total judged maneuver
level flight is one of
The horizontal line that’s flown to begin the judged maneuver is also considered part of the maneuver and is
the most difficult
subject to the same downgrades as any other part of the maneuver flown.

I
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your ability to regain control
FIGURE 2. WINGS LEVEL
and execute the exit of the
maneuver. To score well, you
must learn what “wings
level” looks like at various
flight altitudes and box positions. And for this, there is
only one solution: practice.
Begin by flying your plane
parallel to the runway about
Left-hand wing low
Right-hand wing low
100 yards away from yourduring pull-up
during pull-up
self. When you reach the
Vertical line
end of the aerobatic box
(1,800 feet wide maximum),
pull the plane vertical. If
your plane does not head
straight up, you didn’t have
your wings level (see Figure
2). Typically, most fliers hold
their inboard wing too low
during what looks to them
like straight and level flight;
when the plane is pulled
into a vertical climb, it will
start to come in toward the
Deviations in the vertical line shown are caused by entering the maneuver with the wings not level
pilot.
before the pull-up. (No crosswind assumed.)
Continue doing this at
plane immediately leans. Fix the lean angle on
various altitudes until you can achieve a vertical
the next try with your ailerons immediately
pullout. As the plane continues upward, other
before adding the elevator push from straight
forces such as prop torque will affect your plane,
and level flight. Once the push begins, only rudbut you need only concentrate on the initial pull
der should be used. The same thing goes for
up for this exercise. If you find that you have to
upright flight. Use the ailerons before the pull,
apply rudder immediately after you “pull” up-eleand then use the rudder to correct during and
vator, then you are not flying level. High-wing,
after the pull into the vertical.
mid-wing and low-wing planes will all look difWind correction is another factor that will
ferent in flight with respect to the ground. Your
influence straight and level flight and your vertipaint scheme can also “throw off” your percepcal lines. (Note: “wind correction” means that
tion of your plane’s attitude. Learn what
you must lean the plane’s heading slightly into
wings-level looks like by practicing it over and
the wind to keep the plane’s flight path parallel
over.
to the runway and perpendicular to the ground
Now let’s take the wings-level exercise one step
during a vertical climb. See Figure 3.) If the plane
farther: inverted. Yep, throw out your previous
is crabbed during a vertical entry, it will immedisight picture and start again. In an aerobatic
ately lean toward the direction of crab. You may
sequence, straight and level flight is not limited
need to take some of the crab out of the plane
to upright flight only. In fact, you may spend as
with rudder immediately before the pull. (I
much as 30 percent of your flight time inverted
emphasized the word “some” to signify that
while in between maneuvers. You also need to
there is no hard-and-fast rule concerning how
know what inverted wings-level flight looks like.
much to remove.) A certain amount of crab-angle
Push down-elevator to enter into a hammerhead
wind correction should be maintained to keep it
at each end of the box, and notice which way the
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FIGURE 3. WIND CORRECTION

Wind

Heading

Flight path

parallel to the runway. In IMAC
competition, you may want to
leave in some of this crab since all
vertical maneuvers are affected by
the wind direction. Each plane
will act differently depending on
its weight, the length of its tail
moment and the amount of crosswind velocity. The only way to
find how much crab angle you’ll
need to remove is by practicing.
It may seem simple, but I can’t
over-emphasize how important it
is to master straight and level
flight—for aspiring aerobatic
pilots and seasoned veterans, as
well. Think of it as the glue that
holds your sequence of maneuvers
together.

Flightline
Crosswinds will require the aircraft to be crabbed (i.e., its attitude changed) to maintain a
flight path parallel to the flightline.

Cross-box maneuvers
by Dan Wolanski

Correcting for wind drift

ross-box maneuvers are designed to
allow an aerobatic aircraft to travel perpendicular to the original flight path to
correct for wind drift during competition. These maneuvers are essential in full-scale
International Aerobatic Club (IAC) competition,
since the pilots do not use wind correction as we
do in IMAC competition. Since IMAC rules permit wind correction, there is arguably no reason
to use cross-box maneuvers. IMAC does, however, allow these maneuvers because we try to
emulate full-scale competition, and it also gives
the pilot a chance to use the entire aerobatic box
to fly his sequence. Most competition maneuvers
can be converted to cross-box maneuvers by executing a 1⁄4 or 3⁄4 roll during the up- or down-line
portion of the maneuver. For example, take the
hammerhead; a standard hammerhead flown at
the end of the box can be flown as shown in
Figure 1. Now add a 1⁄4 roll in the down line, and

C
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the model will exit perpendicular to the flight
path (see Figure 2).
The same can be said for a simple “Humpty
Bump.” Adding the 1⁄4 roll on the way up (up line)
can allow you to adjust the diameter of the top
radius while flying in the cross-box direction.
The 1⁄4 roll on the way down allows you to exit
parallel to the initial flight path but slightly farther in or out (see Figure 3).
END OF THE BOX

Flying perpendicular to the runway is not something we practice very much in IMAC. After all,
many of our planes travel fast and would be out
of sight quickly. Therefore, while attempting a
cross-box maneuver, it may be very difficult to
tell if you are, in fact, perpendicular to the runway. During cross-box maneuvers, most pilots
look at too much of the wing during the rolling
elements. What usually happens is that as the
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IMAC AEROBATIC BOX (TOP VIEW)

FIGURE 2. HAMMERHEAD WITH 1⁄4 ROLL DOWN

1,800 ft.

roll
1,000 ft.

Normal flight
direction

75°

90º

100 ft.
Flightline

Pilot

rline
y cente
Runwa

Pilot
centerline

Cross-box
portion

FIGURE 3. HUMPTY BUMP WITH 1⁄4 ROLL UP AND DOWN
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75°
Deadline

roll up line

14⁄

1
4⁄

1
4⁄

roll down line

Aresti symbol

1
4⁄

THE NEXT LEVEL

Once you have a better understanding of how perpendicular
flight should look, it’s time to
take it to the next level. Instead
of doing a simple 1⁄4 roll during
the hammerhead maneuver,
change it to a 3⁄4 roll on the down
line and exit cross-box inverted
(depicted by dashed lines in the
figures). Inverted cross-box
maneuvers begin to appear in
Advanced IMAC sequences.
Now perform another maneuver in the back corner of the box
and exit it coming straight back
in; this will give you a better idea
of what your plane looks like
going out (and coming back in)
at 90 degrees to the flightline.
Once you are comfortable with

Cross-box flight
direction

1⁄4

Entry and exit directions are 90º apart

Pilot centerline

1
4⁄

Aresti symbol

T
GH
RI X
UP BO
I T SEX ROS
C

pilot attempts to fly perpendicular to the flightline, the plane
actually heads toward the center
of the box (slightly toward the
pilot). The problem shows up
after the cross-box maneuver,
when the pilot attempts to pull
into a vertical line and notices
that the plane is not heading
straight upward but is actually
leaning in toward the center of
the box.
To help correct this tendency,
start by flying the cross-box
maneuver directly in front of
you. Try to exit straight and level
while heading your plane
directly away from you. After
you’ve done this, slowly move
the maneuver (a little bit at a
time) away from your centerline
and to the end of the box. After
you’ve done the maneuver about
10 times, the model should be in
its proper location and you will
have a better picture in your
mind’s eye of how it should
appear at the end of the box.

one side of the box, start practicing on the other
side. Remember: if your plane constantly leans in
toward the center of the box, your inboard
wingtip is too low or, more than likely, you are
not traveling perpendicular to the runway.
Once you become comfortable with both sides
of the box, begin experimenting with different
maneuvers. Try flying maneuvers such as a
figure-8, a Tail Slide and a Shark’s Tooth.

Maneuvers such as 1⁄4 and 3⁄4 rolling circles can be
entered and exited from the cross-box position.
Once you get the hang of it, the sky’s the limit for
possible flight combinations that will allow you
to use the entire aerobatic box.

Entry and exit
directions parallel
Pilot centerline
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FIGURE 1. “INSIDE” SNAP ROLL: ENTER AND EXIT STRAIGHT AND LEVEL AND AT THE SAME ALTITUDE
Transmitter inputs:
• up-elevator
• left aileron
• left rudder
• mid-throttle

The Hangar 9 CAP 232 is a good
choice for an IMAC-legal airplane; it flies well and is very
predictable.

The Snap roll
Do it right; do it tight!
by Dan Wolanski

HE SNAP ROLL is an advanced maneuver
that you’ll first encounter in the IMAC
Sportsman sequence. It evolves into more
difficult variations in the upper classes of
competition. It is one of the most difficult
maneuvers in which to consistently achieve a
high score because it requires a keen sense of timing, throttle management and exit correction. In
addition, every plane seems to snap differently
owing to its CG location and
wing placement, i.e., low wing,
mid wing, or high wing. If you
want to achieve a good snap
roll, practice is mandatory.
The snap roll is an autorotation maneuver in a stalled
condition. During a snap, one
wing is stalled while the other is
accelerated about the roll axis.

T
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This creates a sudden roll-rate acceleration that
you can’t obtain by simply inputting aileron. To
achieve this condition in a model, several inputs
must be given, including elevator, rudder and
aileron. Pilots of full-scale planes will scoff at the
idea of adding aileron because it is not required
when they deal with wing loadings in the range
of 35 pounds per square foot. Our models, however, typically carry a wing loading of from 20 to
40 ounces per square foot, so their flight dynamics are different from those of full-scale planes.
FLYING THE MANEUVER

The simplest snap is known as the “inside snap”
(see Figure 1). This maneuver is performed from

It’s very important to start any aerobatic
maneuver straight and level.

the upright position and is induced by adding
elevator, rudder and aileron. Before you try this
maneuver, be prepared for your plane to rotate at
least twice as fast as it does during a typical
aileron roll. You probably won’t even see your
plane perform the maneuver because it happens
so quickly. Instead, you will barely have started
your control inputs when you’ll immediately
have to think about recovery. Make sure that you
have enough altitude to allow mistakes!
Now take the airplane to a comfortable altitude
at least 100 yards in front of you, parallel to the
runway. Enter the aerobatic zone and fly to the
center of the box at mid throttle (not full
throttle). From level flight, perform an inside left
snap by simultaneously applying up-elevator, left
rudder and left aileron for 1 to 2 seconds. Recover
from the maneuver by neutralizing the sticks and
immediately adding right rudder to correct your
loss of heading. Maintain the mid-throttle setting
throughout the maneuver.
FINESSING THE MANEUVER

There are several places where a little finesse will
go a long way. Most pilots bury their sticks in
the corners of their transmitters to snap their
planes. This typically creates a stall in which too
much energy is depleted, and recovery is very
difficult. This condition is known as “snapping
too deep.” Your goal is to fly through the
maneuver with enough inertia to allow the airflow to re-attach to the stalled wing on demand.
To accomplish this, you will need to decrease
the elevator and/or rudder input until your
plane just barely snaps. The only way to find
this point is to practice it. When you find the
perfect combination of elevator, rudder and

aileron, practice it over and over until you can
easily duplicate it.
SNAP SWITCHES

You may think that the best way to accomplish
the perfect snap is to set up a snap switch. I have
tried it and prefer not to use a switch. A snap
switch is like a crutch; some day, you’ll have to
learn how to walk without it, so why use it at all?
As you advance, you will need to learn how to
snap in every direction, including positive and
negative snaps. Although computer radios like
the Futaba 9ZAW will handle every snap position
imaginable, forgetting to flip the right switch
before the maneuver can lead to disaster. I have
witnessed this happen to several Tournament of
Champions planes with catastrophic results.
VARIATIONS

The most popular variation is the negative snap
from inverted flight (see Figure 2). To perform
this maneuver, enter the aerobatic zone inverted
and fly to the center of the box. Maintain the
mid-throttle setting and input down-elevator, left
rudder and right aileron (for a right-hand snap).
A common mistake is to input left aileron.
Remember, when the rudder is inverted, you
need to input opposite rudder! Recover by neutralizing the stick and adding left rudder to
correct your heading loss. Finesse the negative
snap in the same way: by decreasing the elevator
and rudder inputs to achieve a perfect maneuver.
If you’ve ever studied the sequences from the
Tournament of Champions, Masters, or IMAC
Unlimited, you will find several snaps in what
may be considered the “wrong” direction, e.g., a
negative snap from upright. If you attempt one
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FIGURE 2. INVERTED SNAP ROLL: ENTER AND EXIT INVERTED, STRAIGHT AND LEVEL AND AT THE SAME ALTITUDE
Transmitter inputs:
• down-elevator
• right aileron
• left rudder
• mid-throttle

Finish with left
rudder, slight
up-elevator

Nothing is more showy than a rolling circle performed by a scale aerobatic model, such as
this Lanier RC Extra 300S.

The rolling circle

of these maneuvers using the procedure I have
just outlined, your plane may dive violently into
a secondary spin. To accomplish a negative snap
from upright, input the aileron command a fraction of a second before inputting elevator and
rudder. This will roll the plane so that it isn’t
heading toward the ground when the elevator is
initiated. Timing this maneuver is very critical. If
you hold the aileron too long before inputting
elevator and rudder, you will gain altitude

because the plane will have rolled too far. If you
input elevator too soon, you may find yourself
heading into a spin. This variation is not for the
faint of heart; be careful when you practice it.
Remember, your goal is to exit the maneuver at
the same altitude and with the same heading as
you entered it. Don’t let the plane determine the
exit direction; that’s your job! And with this
maneuver, it isn’t easy. Good luck, and keep
practicing!

Conquer this
impressive maneuver

Left
rudder,
downelevator

by Dan Wolanski

n the 1930s, Gerhard Fieseler, a German aerobatics pilot in search of a new maneuver,
invented what is now known as the rolling
circle.
To this day, the rolling circle—or “roller”—is
the single most difficult aerobatic maneuver to
perform. In its most basic form, a roller is a turn
of an aircraft 90 degrees or more while the plane
is rolling. It sounds simple, but a proper rolling
circle requires intense concentration to complete,
using all of a pilot’s transmitter inputs at precise
intervals. A rolling circle requires the use of elevator, aileron, throttle and especially rudder; in
fact, the rudder is key to the maneuver, but many
beginners disregard this because of the difficulty in coordinating rudder inputs with
the plane’s attitude. If you try to perform a roller using only ailerons
and elevator, you’ll have no
control over the number
of
revolutions
needed

Hold left
rudder, less
down-elevator

I

TOP VIEW
(THIS IS A
HORIZONTAL
MANEUVER)

Transition to left
rudder, more
down-elevator

Hold right rudder,
slight down-elevator

More right rudder, less
up-elevator

Right rudder,
up-elevator

THE FIRST QUADRANT OF A ROLLING CIRCLE
FROM UPRIGHT TO THE INSIDE
Upright, level
entry

54

Slight left rudder,
left aileron (continuous)
and slight up-elevator

55

2

AEROBATICS: BEYOND STRAIGHT AND LEVEL

to get the plane to complete a circle. Your headings for each quadrant must be planned.
HOW TO BEGIN

To start, you need to decide which variation of the
roller you want to learn. These factors should be
considered:
• The more revolutions you make, the easier it is to
get the plane to complete a circle.
• Pulling into a maneuver feels much “safer” than
pushing, so an inside rolling circle (in which the
plane rolls to the inside of the circle instead of to the
outside) is easier to learn.
At first, favor your “strong” roll direction (clockwise or counterclockwise)—the direction in which
you can hold a very precise, slow roll rate while giving other inputs.
Bearing in mind that pilot skills vary, I will explain
a very simple four-roll circle, flying from left to right.
TRYING A ROLLER FOR THE FIRST TIME

Since the roller requires a considerable amount of
timing and concentration, it’s best to practice it initially one quadrant (14⁄ circle) at a time. As you
become more proficient, you can string the quadrants together. Practicing in quadrants will help you
to identify what the plane should look like at each
step and will also require much less concentration.
Take your plane up at least one mistake high. Enter
the aerobatic box, flying from left to right at 12⁄ to 34⁄
throttle, and proceed to the center of the box. As you
pass the center, slowly feed in left aileron and a
touch of left rudder. You will hold this aileron setting
throughout the maneuver.
As the plane approaches 15 to 20 degrees of rotation, slowly feed in up-elevator and a little left
rudder. Both the up-elevator and left rudder turn the
plane toward the center of the circle. Keep in mind
that too much elevator will cause the plane to rise.
Transition to right rudder, then continue to feed in
slightly more elevator and rudder as you slowly roll
to knife-edge flight. Keep the plane rolling at a very
slow, constant rate; then, as you pass knife-edge,
slowly reduce up-elevator while holding right rudder
steady. The rudder will help you to continue “sliding” your plane in a circular fashion. Bear in mind
that if you do not release up-elevator soon enough,
you will start to pull the plane toward the ground,
and all the rudder in the world won’t help you keep
its nose up.
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During the 90 degrees of rotation between knifeedge and inverted flight, keep right rudder constant,
but transition from up-elevator to very slight downelevator. Now you are halfway through the first
quadrant of the circle! At this point, you’re 45
degrees into a complete rolling circle and are about
to encounter the more difficult half of the rotation.
As the plane begins to roll past being inverted,
slowly decrease right rudder and begin to input
slightly more down-elevator. This will cause the
plane to continue on its circular course. Now you
must transition from right rudder to left. If you hold
right rudder too long, the plane’s nose will tip
toward the ground. Transition your plane as it passes
the 270-degree rotation point (opposite knife-edge)
by inputting down-elevator and left rudder. At this
time, hold only enough rudder to prevent the plane
from falling, and adjust down-elevator to bring the
plane perpendicular to the flightline (it will be heading straight away from you).
You must release all down-elevator by the time
you’re about 20 degrees of rotation shy of rolling
upright, or you will once again push the plane
downward. If you come up short, input more left
rudder to slide the plane around. During the last 20
degrees of rotation to upright, it helps to input a
little up-elevator as you roll. This will help to keep
the nose up.
Now you have just completed 14⁄ of a rolling
circle! Continue to practice this quadrant, then
move on by flying your plane straight away from
you and starting the next quadrant from wings level.
Don’t try to tack the second quadrant onto the first
yet; the plane will look very different to you on the
back side of the circle. When learning a roller, it’s
best to enter each quadrant from straight and level
flight until you feel comfortable with each section;
after that, you can string the quadrants together as
your confidence grows.

reducing the number of rotations makes the maneuver considerably more difficult, since you have to
slow your roll rate and increase the other inputs to
end up at the correct reference points.

around neutral. This can be accomplished easily
with a programmable radio. Resist the temptation to
limit your aileron throw so you can bury the sticks
and achieve a slow roll rate. Doing this is like asking
for disaster; if you need to bail out of the maneuver,
you have only 10 percent of your normal aileron
throw. You may also consider going to a higher-rate
rudder, as you will need this input the most during
the maneuver.
One other bit of advice: you can get away with
inputting a lot of rudder during the upright and
inverted portions of a roller without its looking too
jerky. All of the other inputs, however, require a
tremendous amount of finesse, and adverse input
will blow the maneuver. Keep in mind that if you do
use a lot of rudder, you will need to add throttle
because of the drag produced by control-surface
deflection.
I hope this has inspired you to attempt a roller. If
you would like more information on how to perform aerobatic maneuvers or sequences, visit the
International Miniature Aerobatic Club website at
www.mini-iac.com. Have fun with the roller, and
don’t get discouraged if it takes you a few months to
learn this maneuver. Nothing is more impressive to
your fellow club members than a properly done
rolling circle. Heck, when I hit a good one, it
impresses me, too!

HINTS AND TIPS

You may want to set up a low-rate aileron or increase
your differential to make your ailerons less sensitive

VARIATIONS

The most common rolling circle variations are a
change in the direction of the roll—from inside to
outside—and a differing number of rotations—
between one and four. An outside roller is more
difficult to learn than an inside roller; once again,
the key to this variation is the rudder. With an outside roller, you lead with a lot more rudder to get the
plane to turn toward the center of the circle. Also,
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Performing
tail slides

FIGURE 3. PITCH

Perfect this
vertical maneuver

PILOT’S-OPTION TAIL SLIDE

by Dan Wolanski

he tail slide is an
advanced maneuver
in which the plane is
flown vertically and
allowed to stop. It then
slides backward about one
fuselage length, swings
around its pitch axis, swaps
ends and begins to fall nose
down, regaining sufficient
airspeed to enter the next
maneuver.
There are two basic types
of tail slides: wheels up and
wheels down. During a
wheels-up tail slide, the
plane is allowed to pitch
backward
toward
the
canopy as it descends.
During a wheels-down tail
slide, the plane pitches forward toward the wheels.

T

FIGURE 1. WHEELS-UP TAIL SLIDE

FIGURE 2. WHEELS-DOWN TAIL SLIDE
3

3
Slight upelevator to induce
the direction of
plane’s swing

4
Input downelevator as soon
as plane has
stopped.

Slight downelevator to
induce the
direction of
plane’s swing

4
Input up-elevator as
soon as plane has
stopped.

5
Release
downelevator.

5
Release
downelevator.

PERFORMING THE TAIL SLIDE

The most important part of
a tail slide is the entry. To
achieve a tail slide, a true
vertical entry is required
before the reduction of
throttle; otherwise, the
plane will slip into a hammerhead, resulting in a zero
score for the maneuver in
IMAC competition. To perform a wheels-up tail slide
(Figure 1), fly to the end of
the box and increase to full
throttle as you pull to
vertical (it’s easier to look at
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begins to slide backward,
up-elevator is applied;
this
maintains
the
plane’s pivot toward its
wheels.

2
Reduce
engine
power
to idle.

2
Reduce engine
power to idle.

1 Pull to vertical;
a straight
ascent is essential.
Entry

Entry

1
Pull to
vertical; a
straight
ascent is
essential.
Exit

Exit
3-DEGREE MAXIMUM DEVIATION

3-DEGREE MAXIMUM DEVIATION

A more popular trend in
model aerobatics competition during recent
years is the pilot’soption tail slide. This
was designed to get
pilots away from “cheat”
entries by allowing
either a wheels-up or
-down descent; this also
creates a more dramatic
slide. This trend seems
to be catching on with
Relative wind
Relative wind
IMAC, TOC, the Masters
as plane
as plane
falls backward
falls backward
and the Pacific Coast
Championship (a highprofile
invitational
Position of elevator as plane falls backward for
Position of elevator as plane falls backward for
event). This option
a wheels-up tail slide
a wheels-down tail slide
seems to be the most
popular with the crowd
and the pilots and will
the top of your plane during this maneuver).
probably eliminate the need for specific direcQuickly reduce the throttle to idle, and just
tional slides in the future.
before the plane stops its vertical ascent, input a
FINAL TIPS
small amount of up-elevator. This “cheat” will
Try not to draw a very tall up line as you enter the
induce the plane to fall on its back side and pertail slide. As your plane slows because of gravity
form a wheels-up tail slide. Keep in mind that
and drag, you may experience a bit of torque
this “cheat” requires only about 3 degrees of
from the prop. This will ruin your vertical up line
pitch change but is necessary to establish the
and could earn you a zero score. Maintain full
desired direction of fall. Once the plane has
throttle and keep the plane’s speed up; then chop
stopped and begins its backward slip, input
the throttle to idle while you still have a lot of
down-elevator. The down-elevator maintains the
vertical momentum. This should greatly reduce
direction of fall during the slide. This may seem
the torque induced by the prop.
contradictory, but since the direction of the
Have fun with the tail slide. Compete with
plane has reversed, so must the elevator input.
your
flying buddies by counting how long you
Figure 3 demonstrates why opposite elevator
can get it to slide backward. For added fun, try it
direction is necessary during the fall. Allow the
with smoke. The dramatic effect of your plane
plane to “pendulum” back and forth until a
falling through a dense cloud of smoke is a defistraight down-line is achieved. The pendulum
nite crowd-pleaser!
action about the pitch axis is not a downgrade, so
don’t worry about trying to stop it.
A wheels-down tail slide (Figure 2) is performed
with the same entry as before, but as the upward
travel stops, you input down-elevator. As the plane
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Conquer
this stalled
maneuver

A basic maneuver for IMAC competition, the spin requires
that the model be stalled before entry.
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The spin
by Dan Wolanski

n IMAC competition, the spin is first flown in
the basic sequence. It’s a maneuver in which
the aircraft autorotates about a stalled wing
panel as the opposite panel continues to generate a little lift while the aircraft descends
vertically. Spins may be done deliberately or
inadvertently (during another aerobatic maneuver).
Keep in mind that snaps and spins are very
similar in that both are autorotational maneuvers
in a stalled condition, but snaps are much shorter
in duration and usually end with the aircraft’s
following the initial direction of flight; with
spins, the aircraft remains stalled and heading
straight down.
To spin an aircraft, you must first stall its wing.
Enter a proper upright stall by gradually reducing
the throttle to idle and inputting up-elevator to
maintain the same altitude (see Figure 1). The
plane should not gain altitude during this segment, but its nose must rise as airspeed is
decreased. When the airplane reaches the stalling
point, it will drop its nose while flying horizontally, usually led by one wing that’s slightly lower
than the other.
To spin the aircraft, you must input full
aileron and rudder in the direction of the lowest
(stalled) wing and then hold it along with full
up-elevator. Hold these inputs for approximately
1
⁄4 to 1⁄2 rotation before the desired stop point. To
stop the rotation, simply bring the sticks to neutral (center).

I

An inverted spin is entered from the inverted position and
requires down-elevator and opposite rudder.

After the plane has
stopped spinning, it
must descend with its
nose pointing straight
Slowly apply upReduce throttle to idle.
down so that it gains
elevator until the
nose drops and
sufficient airspeed to
the wing stalls.
Apply and hold full upbuild up for recovery.
elevator, full left aileron
and full left rudder.
Once flying airspeed
has
been
attained,
apply up-elevator for an
upright recovery back
into straight and level
flight.
The spin may seem
easy to understand, but
I have seen three planes
crash at competitions
FIGURE 1. TWO-TURN
UPRIGHT COMPETITION
because their pilots
SPIN TO THE LEFT
failed to follow proper
recovery
procedures.
How do I know that it
was pilot error? Because
in every case, the pilot
approached me after
the crash and asked
To exit, center the sticks 14⁄ to 12⁄ a
how he should recover
rotation before the desired spin
stop point.
from a spin, and every
one had entered the
spin with insufficient
altitude. After completing the designated
rotations, these pilots
panicked and continued to hold up-elevator,
Establish a vertical down line before
hoping to fly the airyou apply up-elevator and pull out into
straight and level flight.
plane out of the
maneuver. In a spin, the
only thing up-elevator
does is to ensure that
the
wing
remains
stalled. In no circumstance should you use
cult maneuver. You enter from an inverted posiup-elevator to recover during a spin. You must
tion and have to stall while inputting
allow the plane to gain airspeed in an unstalled
down-elevator. When the wing stalls, you must
condition before you apply elevator. This means
input and hold full aileron, opposite rudder and
that you have to center the sticks and let the
down-elevator to generate a spin. You need oppomodel point straight down to gain airspeed.
site rudder because the plane is inverted and the
VARIATIONS
yaw aerodynamics are reversed. Recovery is the
• Inverted spin. First introduced as part of
same as for an upright spin.
IMAC’s advanced sequence, this is a more diffi-
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• Cross-over spin. Seen only in the Tournament
of Champions (TOC), Masters World Aerobatic
Competition and selected Unlimited IMAC
sequences, the cross-over spin is the most difficult spin to accomplish. It’s entered in the same
way as a typical spin, but after the stall, it requires
inputs for a reversed entry. For example, to enter
a cross-over spin from an upright position, you
stall the aircraft with up-elevator. When the wing
stalls and the nose falls through horizontal, you
must input down-elevator, full aileron (in the
direction of the stalled wing) and opposite rudder
(from the aileron) to induce a sort of negative
spin from upright. These spins often look funny
during their initial development, and they are
difficult to judge.

spin won’t develop properly. Recovery is accomplished by centering the sticks and praying that
your model will come out of the maneuver!
Now that you know all about spins, go out and
have some fun trying them. But make sure that
you know how to get out of a spin before you
attempt one, or you could end up with a bruised
ego and a more severely damaged model!
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An impressive
maneuver explained
by Dan Wolanski

he torque roll is probably the single most
impressive freestyle maneuver you can
perform; it is also the most difficult to
master. A torque roll requires that the aircraft, in a nose-up attitude, balance its weight
with the propeller thrust while it slowly rotates
about its roll axis. The airplane rolls in reaction to
the engine’s torque.
Torque rolls are even more impressive when
executed close to the ground. During the last
few years, this freestyle maneuver has been
aided by the use of gyros. Gyros greatly help in
maintaining a perfect nose-up attitude. But if
you ever want to enter a freestyle competition
such as one sanctioned by IMAC, you will need
to master the maneuver without the aid of a
gyro. There are several tricks to performing a
torque roll correctly:

T

• Flat spins. These are not considered to be precision aerobatics, but they’re nonetheless fun to
fly. Planes differ with respect to how they flat
spin. A flat spin starts like a typical spin; then you
add a little throttle while easing out aileron. How
much throttle and aileron you need varies greatly
and will be governed by the type of aircraft you
fly and by its wing loading.
Pilots sometimes use full opposite aileron for
really spectacular flat spins. Keep in mind that
you must input opposite aileron slowly, or you
may cause the model to stop spinning. Many
planes also require a lot of rudder and elevatorsurface deflection to accomplish a flat spin.
Recovery is usually the same as when doing an
upright spin, but I have seen flat spins continue
even after the sticks have been brought to neutral. When this happens, throttle must be added
and, in some cases, opposite rudder will be
needed to stop the plane from flat spinning all
the way to the ground. Keep this in mind if you
decide to try this maneuver.
• Knife-edge spin. This is a very difficult freestyle
TOC and Masters maneuver and should be
attempted only by experienced pilots. It requires
huge rudder and elevator-surface deflections (45
degrees). After entering the spin inverted and
stalled, input full down-elevator, full aileron and
the same direction rudder while increasing
throttle slightly. The throttle develops and maintains the spin. Too much throttle, and the model
will fly out of the maneuver; too little, and the

Flying the
torque roll

■ Setup. Proper setup is essential. First, be sure
your control surfaces are capable of 3D throws.
Set up your rudder and elevators for at least 45
degrees of deflection. You will rarely need this
much deflection, but when you do, you will need
a lot of it. Quicker servos also help, since the
faster you can input the correction, the less correction you will need. I use the Futaba 9402
servos, which provide lightning speed (0.09
second/60 degrees) while producing 111 oz.-in.
of torque. Also make sure that your aircraft is not
nose-heavy; a tail-heavy airplane will torque roll

FIGURE 1. ENTERING THE TORQUE ROLL

5

Once on a vertical line, do a 14⁄
roll so the top of the airplane
is facing you.

4

A master of the freestyle torque roll maneuver is Frank Knoll,
seen here during the halftime show at the Heart of Ohio Jet
Scramble. Don’t do your maneuvers this low! Start at about 100
feet altitude.

Pull to a
vertical line.

The key to flying a good torque roll is a
good entry.

3
To recover from a spin, the model’s wing must be unstalled. This
means that the model must stop spinning and point straight
down to gain sufficient airspeed.

Switch to 3D
control rates.

2

Throttle back
to idle.

1

Entry.
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FIGURE 2. ROCKING THE THROTTLE

Once the model has come to a stop vertically and you’ve
established equilibrium, advance and retard the throttle (rock
it), and the model will begin to roll in reaction to the engine’s
torque. No aileron input is required; all corrections are made
with throttle, rudder and elevator.

FIGURE 3. RUDDER CORRECTIONS

When you see the top of the airplane, rudder input is correct.

When you see the bottom of the airplane, rudder input has to be
reversed.
As the airplane revolves, the corrections for its nose-vertical
position are reversed as you see the top and then the bottom of
the plane.
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significantly more easily than a nose-heavy one.
(Insider tip: many of the Tournament of
Champion pilots add several pounds of weight to
their planes’ tails for freestyle events.) A good
indicator that your model is tail-heavy is that
when you roll it inverted during straight and
level flight, it requires little or no down-elevator
to maintain level flight.
Last, you will need a large, light prop that will
spool up very quickly and generate a lot of thrust.
I use a Menz 32x10 wooden prop on my Desert
Aircraft 150cc engine. This combination gives
instant throttle response with enough torque to
yank my 36-pound plane around like a yo-yo.
■ Engine. You must have a reliable engine that is
capable of instant throttle response. One little
miss from your engine can spell disaster if you are
close to the ground. Be sure your low-end idle is
set up properly and gives immediate transition
response. To perform low torque rolls, use the
best fuel and engine you can afford.
■ Flying the maneuver. The key to doing a
torque roll properly is a good entry. It really
doesn’t matter whether you enter it upwind or
downwind, but a torque roll is very difficult to
perform in wind of more than 10mph. Your goal
should be to enter the maneuver with the model
in front of you, at a comfortable height and in a
perfectly vertical attitude. For your first time,
start with an entry that is at about 100 feet high.
Throttle back to idle to bleed off speed, switch
your transmitter to the 3D control rates, and
point the plane straight up. Now do a 1⁄4 roll, so
that you see the top of the plane. Seeing the top
of the plane will help you sort out the initial
inputs. (Hint: a common mistake is not getting
the plane perfectly vertical; it should look as if its
nose is pitched backward slightly toward the
canopy.)
Now, while pointing straight upward, let the
plane come to a complete stop with the engine at
idle, and begin to advance the throttle but not
enough to gain altitude; in fact, you want the
plane to slip backward ever so slightly. Once you
are very close to equilibrium (where the thrust
equals the model’s weight), “rock the throttle,”
i.e., rev the throttle back and forth a few clicks
around the point of equilibrium. The plane

should then begin to rotate. If it doesn’t, it isn’t
completely vertical. Once the plane does begin to
rotate, you will need to be on top of every little
correction.
During the torque roll, corrections should be
made only with the elevator and rudder. Try to
time your inputs for when your engine is at maximum rpm during your throttle “rocking.” You
will not need any aileron to get the plane to roll.
You will need an almost instant reflex to make
elevator and rudder inputs in every direction. If
everything looks as if it is going perfectly, remember: it isn’t! Don’t stop adding inputs, or your
model will fall out of the maneuver; in fact, a perfect torque roll requires constant “jabs” of
up-elevator and right rudder to keep the model
pointing straight up. Keep in mind that when
you see the bottom of the plane as it rotates, rudder input will be reversed (just as the aileron
inputs are when the model is coming toward
you). This will take a little time to get used to.
■ Recovery. Nothing lasts forever; even a perfect
torque roll eventually stops. When you notice

that your model is beginning to fall out of the
torque roll and you can’t save it, advance the
throttle slightly past the point of equilibrium and
let the nose fall, or advance to full throttle and
recover by going straight upward. If your plane
falls out and heads toward the ground, be sure to
gain sufficient airspeed before you try to pull its
nose up. If you have a chance, switch from the
3D rates back to your low rates so you don’t suddenly, in a panic, give the plane a huge deflection
of elevator. If you don’t switch to low rates, be
very careful while pulling out.
Remember, this maneuver takes a lot of practice to master, but these techniques should get
you started on your way to completing your first
torque roll. It may take months to reach a point
at which you can hit a successful torque roll only
50 percent of the time. Have fun, and don’t get
frustrated. Keep modifying your technique and
setup until you find what works for you. When
you do your first perfect torque roll, you won’t
want to do anything else for quite some time.
The adrenaline rush is quite addictive, and the
smile on your face will be hard to erase.
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VARIATIONS

A versatile maneuver
that’s sure to impress

The figure-9

by Dan Wolanski

he figure-9 is an aerobatic maneuver
shaped like the numeral 9. It consists of a
straight-line portion connected to a 3⁄4
loop, and it can be entered from a high,
low, or mid-level altitude. The maneuver begins to
appear in the IMAC Sportsman sequence.
Advanced pilots usually execute it in combination
with rolling elements at the top of the loop
and/or a straight-line segment. Unlimited
sequences often include the maneuver with spins,
snaps, point and continuous rolls.

T

FLYING THE FIGURE-9

There are two ways to fly the figure-9. The first
technique is to fly the straight-line portion first,
and then follow with a 3⁄4 loop. This way requires
the most power to fly, so don’t be surprised to see
pilots develop the loop slowly after the straight up
line.
Start the maneuver at full throttle into the wind
and begin a vertical climb. Be sure to maintain a
straight up line, as any line deviations will cause
the loop portion to corkscrew. Once you have
attained a reasonable altitude (at least 300 feet)
and are satisfied that you are perfectly vertical,
begin to pull back gently on the stick to start the
3
⁄4 loop. As soon as you pull, you will immediately
notice any deviations created during the vertical
portion. Fix any yaw and roll problems using only
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your rudder. Go easy on rudder, though; you
don’t want to bleed off too much energy. Also,
your initial pull determines your loop radius. Be
sure it is not too large, or your maneuver will end
up looking like a letter D instead of a 9. Your goal
is to split the vertical up line segment in half as
you end the 3⁄4 loop. Continue to pull through the
loop using the same technique as you use to fly a
loop. Exit the maneuver straight and level, and
head in the same direction as you entered, only
now at a slightly higher altitude.
The second way to fly a figure-9 is by doing the
loop first (see Figure 2). This requires much less
power than the method shown in Figure 1. Enter
the maneuver from about 300 feet going straight
into the wind and pull through 3⁄4 loop until the
plane is heading straight down. As before, fix any
yaw and roll problems with the rudder, and end
the maneuver by pulling to straight and level
flight in the same direction as you started.

The wonderful thing
about the figure-9 is
its great versatility.
You can fly the loop
portion by pushing
instead of pulling
(outside loop on top).
This also sends you
back in the direction
from which you came;
in Figure 3, the
dashed lines depict
negative G. You can
also fly the maneuver
upside-down
(see
Figure 4). This configuration is commonly
used in Advanced and
Unlimited sequences
after a spin! The
figure-9 can also be
used as a cross-box
element by adding a
1
⁄4, 3⁄4, 11⁄4, or 13⁄4 snap
or roll when flying the
vertical line.
Hundreds of variations can be created
using this very versatile figure. You can
increase the level of
difficulty by adding
snap, point and continuous rolls on the
up-line,
down-line
and looping portions
of the figure. Have fun
with practicing it, and
don’t be surprised to
see the figure-9 in
many future IMAC
sequences!

FIGURE 1. FLYING THE FIGURE-9
Here, the figure-9 is entered
straight and level and exited at a
slightly higher altitude.

34⁄

inside loop

Exit the loop so that you exit at
roughly the midpoint of the
vertical line.
Exit

Establish vertical
up line

ARESTI FIGURE 1

Entry

FIGURE 2. FLYING THE FIGURE-9 VARIATION
Here, the figure-9 is entered straight
and level, and the loop is executed
before the vertical down line.
34⁄

inside loop

Establish vertical
down line.

When exiting the loop, place the
down line and extend it so that
the entry line is at the midpoint.

Entry

Exit

ARESTI FIGURE 3

ARESTI FIGURE 4

ARESTI FIGURE 2

Pull up straight and level flight.
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engine is important. If your plane doesn’t have at
least a 1.5:1 power-to-weight ratio, you’ll have to
build up more speed during the 45-degree down
line to gain enough energy for the climb. Again, be
sure that the pull radius matches the previous two.
Climb to about 500 feet, and then gently push the
plane 90 degrees back to straight-and-level flight
while you maintain the same radius size as before.
Exit the maneuver straight and level heading into
the wind.
See how difficult the figure-N can be? It isn’t easy
to match all those radii and establish and maintain
a true 45-degree down line. All you have to do now
is practice!

Figure-N
Try out this unique move
by Dan Wolanski

s the name implies, the figure-N is an aerobatic maneuver shaped like the letter
“N” (see Aresti Figure 1). It’s made with
two vertical lines connected by a
45-degree segment. IMAC rules require that the
vertical lines be the same length and that all the
corner radii must be the same. It has one of the
highest base-K factors (degree of difficulty) in the
catalog of figures because it requires quite a bit of
skill to properly fly the maneuver. The basic figure-N
first appears in the IMAC Advanced sequence.
Point or hesitation rolls are added to the various
line segments to further increase the maneuver’s
difficulty. In Unlimited competition, the figure is
used in conjunction with snaps, spins, point and
hesitation rolls. At first glance, the maneuver seems
simplistic. But don’t be fooled; the figure-N
requires a lot of practice, patience and diligence to
perform correctly.

A

FLYING THE FIGURE-N

The center of the figure-N is the midpoint of the
45-degree down line, so you need to start the
maneuver before you reach the centerline of the

BASIC FIGURE-N MANEUVER
135-degree
radius
45 degrees

Centerline
is at
down-line
midpoint

500 feet
45-degree
down line
eet
200 f

Maneuver
centerline
s
radiu
gree
90-de

Entry
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box. Get into position by flying straight and level
approximately 100 feet high and 100 yards in front
of you. Be sure that your model’s flight path is parallel to the runway and is heading into the wind.
Advance the throttle to full at about 400 feet short
of center. When your model is about 200 feet from
the center, gently pull the plane up 90 degrees and
begin a vertical climb. At this angle, the bottom of
the plane may look strange, so try to maintain the
up line with your rudder.
At approximately 500 feet, push the plane 135
degrees through an outside loop segment so it is
heading toward the ground at a 45-degree down
angle. Be sure this radius matches that of the first
maneuver. The key to this segment is throttle management; starting about halfway through the push
radius, gently decrease the
throttle to idle. When you
Exit
reach the 45-degree down
line, the throttle should be
at idle, or just a few clicks
above, to maintain a conVertical
stant, 45-degree down line.
up line
Let the model continue
through the center of the
down line until it’s about
100 feet above the ground
and 200 feet past the
centerline.
maneuver’s
Advance the throttle to full
just before you pull the
model into the last 135degree radius to enter the
second vertical up line.
This is where a very strong

VARIATIONS

Once you’re comfortable with the basics, give the
more complete versions a try. You can create hundreds of combinations with the figure-N. IMAC
Advanced and Unlimited pilots perform the
maneuver in combination with snaps and rolls as
shown in Figures 2 and 3. At the Tournament of
Champions and the World Aerobatic Masters, you
will see many figure-N maneuvers flown with multiple snap and roll combinations as shown in
Figures 4 and 5. The key to all of these variations is
practicing the basic figure-N and mastering its
geometry before you add “decorations” to the line
segments. Have fun!

END

ARESTI FIGURE 1
This illustration shows the basic
segments of the figure-N; although it
looks simple, it takes a lot of skill to
properly perform the maneuver.

1
4

START

2

FIGURE 2
Figure-N from top.
From inverted.
Go past center.
Pull 90 degrees
straight down.
Pull 135 degrees to
45-degree up line.
1
⁄2 roll on 45-degree up line.
Pull 135 degrees at top.
Exit upright.

FIGURE 4
Figure-N.
Pull vertical.
1 negative snap up.
Push 135 degrees to 45-degree down line.
11⁄2 positive snaps on 45-degree down line to inverted.
Push 135 degrees to vertical.
Pull 90 degrees on top.
Exit inverted.

5
3

⁄4

FIGURE 3

8
4

⁄8
3

Figure-N.
Go past center.
Pull vertical.
1 positive snap up.
Pull 135 degrees to 45-degree
inverted down line.
4 of 8-point roll to upright
on 45-degree down line.
Pull 135 degrees to vertical.
Push at top.
Exit upright.

8
FIGURE 5
Figure-N.
1 positive spin entry.
Pull to 45-degree up line.
8-point roll on 45-degree up line.
Push to down line.
3
⁄4 negative snap on down line.
Exit inverted and cross-box.
Try adding an inverted rolling circle at this point,
just for kicks!
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Flying the shark’s tooth
by Dan Wolanski

SHARK’S TOOTH
MANEUVERS

Advanced technique made simple

he shark’s tooth maneuver is defined as a
vertical segment and a 45-degree segment
combined to give the overall appearance
of a real shark’s tooth when flown. In its
simplest form, the maneuver can be flown by
pulling vertical and flying for a minimum of 100
feet, then pushing the plane over 135 degrees
until the path of the plane is on a 45-degree dive
toward the ground. The maneuver ends with the
plane flying upright at the same elevation as
entered.

T

FLYING THE SHARK’S TOOTH

The first maneuver of the 1999 IMAC Sportsman
sequence was a centered shark’s tooth, positive
snap on a 45-degree down line. To perform this
maneuver, you need to begin by flying your
plane into the wind on a straight and level path
parallel to the runway. I suggest an entry height
of approximately 100 feet, flying out at a distance
of 100 yards. Now pull the plane upward at full
throttle to a vertical climb well before you reach
the center of the box. The radius of the pull does

not need to be sharp, but it should be something
that you can duplicate easily in the next two segments. Now fly vertical for approximately 300
feet to establish a straight and true vertical line.
Once you have reached the top of the maneuver, push the plane over the top 135 degrees
using down-elevator. The radius of this push
should be the same radius that you pulled into
the maneuver with. Immediately after you have
the plane pointed down at a 45-degree dive,
reduce the throttle to idle. This prevents you
from rushing the next segment and gives you
time to think about the upcoming snap.
Continue flying at idle toward the ground at a
45-degree dive for approximately 200 feet. At this
point, you should be approaching the center of
the box and, at the exact same time, the center of
the 45-degree segment. Now perform a positive
snap in either direction (while still at idle) by
inputting full rudder, full aileron in the same
direction and up-elevator for a duration of one to
two seconds, depending on your aircraft. To stop
the snap, quickly release all of the transmitter

CORRECT

INCORRECT
Straight up

Plane is pointing straight
up but drifts because of
wind.

45º
Basic shark’s tooth

Entry

Exit

FIRST MANEUVER IN IMAC
SPORTSMAN SEQUENCE
45º

Snap

Center of
box

Entry

Exit

SECOND MANEUVER IN
IMAC SPORTSMAN SEQUENCE

of
(2-

Wind

l)
rol
int
o
4-p
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m
ine
dl
he ed
s
Da vert
in

Exit
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Plane’s wings are
parallel to ground,
but plane drifts
because of wind
(not correct).
Ground

Input left rudder
to correct this.
Path of plane

Plane is crabbing into
wind to maintain
vertical upward path
with respect to the
ground.

Path of plane

Entry

inputs just before the plane reaches wings level.
Once you have completed the snap, continue
flying at the same 45-degree dive for approximately 200 more feet, then exit the maneuver at
the same elevation as entered. The radius of the
pull should be the same radius as you used in the
previous two segments.

SCORING

A perfect score for any maneuver is 10. IMAC
downgrades are one point for every 10-degree
deviation from the programmed line of flight.
The downgrades are applicable for each axis (roll,
pitch and yaw) and are cumulative. For example,
if you attempt to pull your plane to a vertical
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climb, and your roll, pitch and yaw are each off
10 degrees, you receive a three-point deduction.
Errors are rarely ever that large and are more
likely to be a few degrees on one or two of the
axes. Half-point downgrades are given when the
cumulative variation is 5 degrees. Note that all
maneuvers, including vertical lines, are judged as
wind-corrected maneuvers. This means that the
judges look at the path of the plane with respect
to the ground. Example: if you have a crosswind,
your plane will need to “crab” into the wind at all
times to maintain the constant distance away
from the pilot. This includes vertical lines (see
sketch).
SHARK’S TOOTH DOWNGRADES

The first thing the judges look for is whether your
initial pull-up is a true 90 degrees. If your pull-up
is not perfectly straight, slowly input the correction. Resist the temptation to “bang” the
correction in. The next thing they notice is your
radius. Remember, there are three radii in the
shark’s tooth that all need to be the same; make
sure that you fly one that you can duplicate.
When you reach the top, be careful not to push
the plane past a 45-degree dive. The judges will
now be judging whether your line is truly 45
degrees while anticipating the placement of your

snap. If your snap is too early or late, it can cost
you a 1- to 2-point deduction. Once you start the
snap, all eyes will be focused on your wings. The
judges will be looking for a clean rotation that
stops at wings level. Be sure you nail the wings
level first, then worry about the continuation of
the 45-degree dive. Last, be sure to show a clean
45-degree line after the snap, and exit at the same
height as you entered.

Immelmann
and split-S
Perfect your
turnaround maneuvers
by Dan Wolanski

VARIATIONS

There are hundreds of variations to the shark’s
tooth. In fact, maneuver number two in the
IMAC Sportsman sequence is a shark’s tooth,
2- of 4-point roll on the inverted 45-degree
down line. Even though the maneuver is flown
basically in reverse, it is still considered a shark’s
tooth because it has a vertical segment combined with a 45-degree segment. The shark’s
tooth is often seen in the Advanced and
Unlimited sequence with harder midpoint
maneuvers. Go ahead and enjoy the shark’s
tooth maneuver. If you get bored, throw in a few
point rolls or snaps on the up line. That should
keep things interesting!

he Immelmann and split-S are the foundation turnaround maneuvers of every
aerobatic sequence, whether full scale or
miniature. Each turns the airplane
around in the aerobatic zone and adjusts the altitude for the next maneuver. All too often, these
maneuvers are overlooked because they seem so
easy. I have watched the most seasoned pilots
botch an Immelmann or split-S because they are
thinking about the next maneuver in the
sequence. Half loops and rolls sound simple, but
without the proper timing, throttle setting and
wind correction, these maneuvers are an easy
way to lose precious points.
The Immelmann is described as a half loop followed by an immediate half roll. The roll must
take place at the apex of the half loop. Points are
deducted for flying inverted for any distance. The

T

Plane rolls upright with “top rudder”

split-S is sort of the reverse of an Immelmann. It
is described as a half roll followed immediately
by a half loop. Once again, flying inverted before
commencing the half loop is cause for point
deduction.
FLYING THE MANEUVERS

Let’s start with the Immelmann—by far the more
difficult of the two maneuvers. First, get the
plane out approximately 100 yards away, flying
parallel to the runway. Be sure to fly into the
wind and go past the center of the aerobatic
zone. Now apply full throttle and begin to pull
the plane into a nice loop with a constant radius.
As you add elevator, you may need a little right
rudder to keep the plane on track, but don’t

Left-hand roll,
left-hand rudder

Decrease
up-elevator

THE IMMELMANN

Wind

Slight right rudder

Start to pull up-elevator
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apply too much, or it will slow the plane down.
Also, the radius of the loop should be at least 100
feet (a presentation tip—not a requirement!). As
the plane goes past true vertical, start to decrease
up-elevator. Your plane will now be traveling
much more slowly than it did when you entered
the maneuver and will be very susceptible to
wind drift. Be sure to stay on top of any wind correction with your rudder. Also, if you notice that
a wing is down during the maneuver, correct it
with opposite rudder—not your ailerons. As you
approach the top of the half loop, your plane will
be traveling very slow and downwind. If you
merely bang the ailerons to roll upright, your
nose will drop because of the slow airspeed. To fix
this, apply “top rudder” during your roll to
upright. “Top rudder” is the gradual but quick
application of rudder as the plane passes through
knife-edge to maintain a nose-up attitude. When
you are inverted, top rudder is always applied in
the same direction as your roll. For example, if
you always roll right to upright, poke a little right
rudder in as the plane passes through knife-edge.
Finish the Immelmann with a little bit of up-elevator to keep your elevation.
The split-S is a much easier maneuver, but it
does have a few tricky parts. The most important
component is your throttle setting. Once again,

take your plane to the end of the aerobatic zone
at approximately 2⁄3 throttle. Be sure you are at
least 300 feet high, then chop the throttle.
Immediately roll the plane to inverted. Because
you chopped the throttle and rolled almost
simultaneously, your model’s nose should start to
drop all by itself because of the loss in airspeed.
As the plane descends to the bottom of the half,
gradually apply up-elevator. As you approach the
end of the maneuver, begin to gradually add
power and ease off the elevator.
SCORING

A perfect score for any maneuver is a 10. IMAC
downgrades are one point for every 10-degree
deviation from the programmed line of flight.
The downgrades are applicable for each axis (roll,
pitch and yaw) and are cumulative. For example,
if you attempt to pull your plane to a vertical
climb, and your roll, pitch and yaw are each off
10 degrees, you incur a three-point deduction.
Errors are rarely ever that large and are more
likely to be a few degrees on one or two of the
axes. Half-point downgrades are given when the
cumulative variation is 5 degrees. Remember: all
maneuvers, including vertical lines, are judged as
wind-corrected maneuvers. This means that the
judges look at the path of the plane with respect

Roll to inverted.

to the ground. If there is a crosswind, for
instance, your plane will need to “crab” into the
wind at all times to maintain the constant distance away from the pilot. This includes vertical
lines.
While scoring these maneuvers, judges watch
to make sure that your rolls occur exactly where
they should. Flying inverted for any distance will
earn you a quick one- or two-point deduction.
When you fly the Immelmann, the judges will
also watch very closely to see whether your
model’s nose drops at the end. If it does, deduct
another point. If the drop is severe, deduct two.
The judges will also look for a nice, constant
radius; not maintaining your radius will cost you
another point or two.

VARIATIONS

It never ceases to amaze me how many ways you
can disguise these maneuvers. Throwing in snaps
and point rolls before and after the half loop is
fair play in IMAC sequences. The 1999
Sportsman sequence, maneuver no. 10, had a
2- of 4-point entry into a split-S; then, just for
kicks, added a 1⁄2 roll at the end to provide an
inverted exit. Maneuver no. 10 in the Unlimited
sequence had a 1⁄2 roll, 11⁄2 snap entry to a split-S,
followed by a 2-point roll. Yes, that’s all one
maneuver! Just think; if you never learned how
to perform the basic Immelmann or split-S, your
chances of getting anything more than a 2 or 3
would be hopeless! Have fun practicing the
Immelmann and split-S. Make sure that you
don’t overlook these foundation maneuvers, or
they will come back to haunt you someday!

Chop throttle to idle.

Up-elevator

THE SPLIT-S

Wind

Ease off elevator.
Up-elevator
Add power.
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3D aerobatics
by Mike McConville

An introduction to the
hottest TOC maneuvers

back up to a vertical
Until now, aerobatic
attitude,
as
in
maneuvers
were
Figure 3.
loops, rolls, spins and
snap rolls, or a combiTHE SECRET
nation of segments of
After months of tinthese basic figures.
kering and playing
Suddenly, things have
with various setups, I
changed. In a nutfound that most aershell, 3D aerobatics
obatic designs are
are maneuvers in
capable of these
which the airplane
Mike McConville with his sixth-place Giles G-200. Mike, like many
maneuvers. Though
flies in attitudes and other TOC pilots, incorporated 3D aerobatics into his Freestyle flight
this is not for the
moves in directions presentation.
faint of heart, it does
that are not normal to
not take a special airfoil; no special superlight wing
aircraft flight. The airplane moves in a new or a
loading is required, and one need not possess
“third” dimension. When these maneuvers are
extraordinary flying talent. What it does require are
being performed, one word seems to best describe
some changes to the control surfaces, a computer
the show: awesome!
radio that will allow flaperon movement of the
Quique Somenzini introduced 3D airplane aeroailerons, most definitely exponential and dual
batics at the 1994 TOC as part of his 4-minute
rates, a great deal of attention to proper controlfreestyle routine. After his performance, the
linkage setup, and the willingness to take some
onlookers—spectators and fellow competitors
risks and experiment. The amazing thing is that
alike—were amazed. At first, what he did seemed
the trick to these maneuvers is in the setup of the
almost like magic, as it seemed absolutely impossimodel much more than in the moving of the
ble to do what he had just done.
sticks. Basically, once the plane has been set up,
THE MANEUVERS
these maneuvers are pretty easy to do.
The most amazing 3D maneuvers are ultra-flat
spins, or horizontal pinwheels, elevators and waterTHE SETUP
falls and combinations of the three. Ultra-flat spins,
A lot of control-surface authority is needed, particularly on the elevator. Photo 1 shows my
or horizontal pinwheels, are flat spins in which the
42-percent Giles G-202 that I designed with 3D
nose is slightly high and there is virtually no downaerobatics in mind. I flew this model to seventh
ward movement. The airplane seems to “hang” in
place at the 1996 TOC. On some models, it may be
place and spin like a top around its canopy, as in
necessary to increase the size of the elevators.
Figure 1.
When this is done, it may be necessary to counThe Elevator is a maneuver in which the airplane
terbalance the elevators to prevent flutter. Please
maintains a level or even slightly nose-up attitude
note that because of the size of the elevators and
but descends downward without forward movethe amount of movement needed, a great deal of
ment. This can be done either upright or inverted,
attention must be paid to the linkages to ensure
as in Figure 2.
everything is very tight. Page 47 shows the tail of
The waterfall is a maneuver in which the airplane
my Midwest Extra 3D—an Extra 300S I modified
stalls from a vertical attitude, the nose falls forward,
for 3D aerobatics.
but as the nose falls to a straight-down position, it
Set up the radio with a low-rate elevator that has
quickly snaps through the downward position and
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FIGURE 1. THE HORIZONTAL PINWHEEL
A horizontal
pinwheel is an
ultra-flat spin
where there is
virtually no
downward
movement. The
model appears
to “hang” and
spin like a top.

Entry flight path
Nose
slightly up

Exit

Horizontal pinwheel

FIGURE 2. THE ELEVATOR
The elevator is a vertical
descent where the model is in
a level or slightly nose-up attitude and with virtually no
forward movement.

Entry

Vertical
descent with
no forward
movement

Maneuver can be done
either upright or inverted

Exit
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This 3D Extra (a Modified Midwest Extra 300) has tail surfaces
that can be moved 45 degrees in either direction. Large control
throws are a requirement for any model to “go 3D.”

a small amount of movement. In the low-rate
mode, the model should feel as it normally would.
On high rate, or “3D mode,” set the elevators to
achieve about 45 degrees of movement in each
direction, and use about 40 percent exponential to
desensitize the feel around neutral. This may
require beveling the front of the elevators more
than normal to allow the 45 degrees of movement.
The low-rate is very important because the high
rate is so sensitive that it makes the model difficult

just to fly around. I flip to high rate for the 3D
maneuver and then quickly flip back to low rate
after the maneuver has been completed. This is a
guideline, as each particular model design will
require a slightly different setup, but the elevator is
the most important player in 3D aerobatics.
Use two aileron servos and set up the ailerons as
coupled flaperons. This will help when doing some
of the maneuvers. I start the trimming process with
about 30 degrees of elevator movement and
increase it each flight until the model goes 3D.
Until this point is reached, the airplane acts as you
would expect it to when excessive elevator is used:
it becomes snappy and tends to tip-stall as elevator
is applied. As the elevator movement is increased,
it seems to cross a threshold and will affect the
model differently. The plane becomes stable and is
not prone to snap; rather, it goes 3D.

FIGURE 3. THE WATERFALL
From a vertical entry, the model
stalls and its nose drops forward. The model continues to
rotate in pitch until it is again
pointing straight up vertically.

360-degree rotation
Maneuver ends with model
again pointing straight up.

After stall,
nose falls
forward.

Entry

Exit
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Entry from
vertical up line.

