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Survey Results Nathan Chronister

I would like to thank everyone who sent me
their survey cards from Issue #10. Your
suggestions were very helpful.

Concerning newsletter content, the opinions
were equally divided between those who
would like to see other unconventional model
types in the newsletter, and those who think
Flapper Facts should be for ornithopters only.
Among those who favored the inclusion of
other models, there was an even split between
those favoring unconventional rotary models
and those favoring surface craft with oscillatory
propulsion. About half the people sided with
one or the other of these categories; the other
half wanted to include both.

Due to the ambiguous results of this survey
question, I will include some material on non-
ornithopter topics, but will do so only on a
very limited basis. Most of what I do include
will pertain to flapping fin water craft, because
that is what [ have the most material on, and
because this topic is in keeping with the title,

Flapper Facts. However, 1 welcome any
reproducible material on other unusual
models.

OMS Member Survey

Number of votes in parentheses. Number of replies = 40

What should be included in Flapper Facts?

Walking machines (12) Autogyros (13)
Flapping-fin water craft (14) Indoor helicopters (13)
Only ornithopters (20) Other (7)

Ornithopters plus anything else (20)

AMA ornithopter event should allow only:

A. Models which derive most of their lift from flapping wings. (16)
B. Any model ro%elled by flapping wings or fins, even if most of
the lift is provic?ed y a fixed wing,. (4)
C. Any model propelled by flapping wings or fins, even if most of
the lift is provi(‘red y a fixed wing, as long as the area of the fixed
wing is relatively small. This option includes the current rules. If
you chose option “C,” do you prefer: (8)

Keeping the current rules. (2)

Adoph’ng a simplified version with fewer restrictions. (4)
D. Other. (9)

The AMA rules vote was fortunately more
decisive. Most of the members favor the
proposal in which most of the ornithopter’s lift
must be provided by the flapping wings. Half
as many preferred the limited area rule.
Several replies suggested possibilities other
than the above, nearly all of which involved
two separate categories, one similar to A and
one similar to C.

Now that we know what kind of rule is
desired, all we have to do is make sure our
proposal is practical and effective before
submitting it to the AMA. We want to make
sure this is done right, so discussion of the
proposal will be encouraged at every step. The
latest draft along with some points of lingering
debate is found in this issue. Please read it and
give some feedback. Let us know of any
problems with the rule and improvements
that would fix those problems.

Contest Winners

The only documented flight of a folding wing
ornithopter was submitted by Robert Eskridge,
who constructed a modified version of the
Flapping Flyer kit (from Indoor Model Supply)
with a jointed wing spar. The longest reported
flight time for this model is 25 seconds, and it
folded its wings on the upstroke to about 70%
of their downstroke span.

The first place winner in the design category,
chosen by your votes, was Georges Chaulet. His
entries used a transverse crank to drive circular
flapping of the wings. The second place
winner in this category was T. R. Quermann.



His several entries showed a variety of
approaches to span variation.

Thank you for your participation, both in the
contest itself, and in helping to choose the
winners. All of the designs were excellent, and
some of the cards I received said that everyone
should win! The list of contestants follows:

Barry Evans (2 votes)
Georges Chaulet (6)
Georges Chaulet (5)
Lee Onishuk (0)
Dan Garfinkel (4)
Sid Davidson (3)

T. R. Quermann (0)
T. R. Quermann (3)
T. R. Quermann (4)
T. R. Quermann (3)
John White (3)
James DelLaurier (1)

AMA Rules Proposal

Here is the latest draft of the ornithopter rules
proposal some of us have been working on.
Please consider issues such as practicality and
effectiveness of the rule: Is it reasonable to
expect a contest director to interpret and
enforce the rule, and will it in fact exclude the
models it is intended to exclude without
excluding others as well? If you see any
problems, please give us your constructive
suggestions for how the rule might be
improved.

CRTmFDOTOmONS >

“An ornithopter model derives its chief
support and sole propulsion from flapping
wings.  All wings shall be substantially
identical in degree and rate of flapping motion.
The model may have a maximum of one fixed
horizontal surface or V-tail (the stabilizer),
which shall be placed at the extreme front or
rear of the model. When measured parallel to
the flight path with each wing in its mid-
downstroke position, no points on the wing
and stabilizer may be longitudinally coincident,
and the center of gravity shall be located less
than 1/3 (2/5 for canards) the distance from the
point on the wing(s) farthest from the
stabilizer, to the point on the stabilizer nearest
the wing(s). Takeoff gear is not required.
Twenty seconds will define an official flight.”

T. R Quermann believes that a small, fixed
lifting, area should be allowed in addition to
the stabilizer. This could be located near the
center of gravity (for example, in the center
section) and would be limited to 10% of the
wing area. Since, according to Quermann’s
own estimate, flapping wings produce only a
third as much lift as fixed wings, this 10% area
would contribute 25% of the total wing lift and,
if the tail contributes 1/3 of the model’s lift,
7/16 of the total model lift will come from
fixed supporting surfaces. For these reasons, |
would prefer not to allow a fixed center section.

Quermann wants to allow fixed center
sections in order to permit the use of some
traditional designs, but it is very simple to
convert these designs to the new rules simply
by not covering the center section. He also
suggested that the rule as stated above might
prevent the use of cowlings to reduce drag.

Scotch Yoke Michael Clark

Here is a rough sketch of the drive system I
used in my electric thopter. For clarity I show
only the right side. It is a form of scotch yoke.
It handled well over 35 pound feet of torque
and was very reliable, surviving many tests
and severe crashes. The motor was in the 50 to
100 watt range, using 7 to 12 volts. It drove a
three stage planetary gear box that I salvaged
from an old copier. The final stage was a 1/4
inch pitch chain drive. The large sprocket was
4 inches in diameter and is shown in the
drawing. Construction is mainly pine with
fiberglass reinforcing the joints.” The drive
shaft is 1/4 inch steel, the ball bearings are set
in 1/8 inch aluminum. Spars are 1/2 inch
fiberglass. The action was very powerful and
smooth with none of the sudden jerk that
occurs with other systems when the crank goes
“over the top”. [ed. That may be because it's an
electric system.]

I want to stick with single surface wings for
the sake of simplicity. Thick airfoils have the
leading edge suction advantage; however, any
such airfoil will pay the price of higher drag. |
want to try borrowing from the owl’s barbed
feather vortex generator to get the same
advantage [high lift over a wider range of
angles of attack] with a thin airfoil. [Clark says
his electric ornithopter is too heavy to fly. He



has also built a much lighter pneumatically
powered ornithopter using a 2 liter pop bottle
and landing gear retracts. It nearly sustains
flight.]
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Cam Driven Flapping

Bill Saunders sent in a working mockup of a
new flapping mechanism he designed.
Although he hasn’t had any great results from
this mechanism in flying models, I think its
potential benefits make it worthy of mention.
The use of a cam to drive the flapping allows
the flapping motion of electric powered
ornithopter to be tailored to any need one
might have, for example the flapping may be

sinusoidal or sawtoothed depending on the
wishes of the builder. For rubber powered
models, the cam mechanism allows energy to
be allocated differently to different parts of the
flapping cycle. For example, rather than
wasting a lot of energy when the wing
direction is reversing between strokes, when a
crank would be snapping past the dead center
position, the cam can be shaped so that less
unwinding of the motor can occur during the
wing turnaround. Saunders used a heart
shaped cam for this purpose. You could use a
different shape to concentrate energy in the
downstroke.
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Reduction Without Gears

For gas powered ornithopters, Larry Burks has
proposed a system which would eliminate the
need for gears. This would make it much
easier to build a gas powered ornithopter, if the
system works. Preliminary testing has been
successful, but the device has not yet been used
in an ornithopter.

Burks suggests using the engine to drive a
bolt and using the rotation of this bolt to drive
a nut. The nut would be driven at a slow speed
with sufficient force to drive the wing flapping,
and no gears or crank would be needed. The
traveling nut could be securely embedded in a
plywood plate, which would be linked directly
to the wings.

For the return stroke, Burks plans to reverse
the direction of the engine. In his experience
with Cox reed valve engines, he has often had
them stop and run backwards when
interrupted by an object in the path of the



Engine Reversing Mechanisms for Cox Reed Valve Engines
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propeller (hopefully not his finger), and the
ability of these engines to run backward
without modification is widely known. The
question is, will this happen reliably, several
times a second, when the engine has little time
to run before being reversed again?

Figure 1A shows the design as originally
proposed, in which the engine direction is
reversed by stops at either end of the nut’s
travel. Notice that the stops operate without
allowing the nut to tighten against them. A
short rubber band interposed between the
engine and the bolt then restarts the engine,
and after this is accomplished, the nut begins
moving in the other direction.

A second alternative is my own version of
Larry’s idea. In this version, energy is stored by
a long rubber band throughout the last half of
each stroke, and is then released at the end of
the stroke, helping to restart the engine and
contributing power during the first half of the
subsequent stroke. One advantage is that the
wings reverse their direction as soon as the
engine does. However, Larry pointed out that
the more gradual reversal of engine direction
in this design might be disadvantageous.

He then suggested a third variant, in which
the bolt is attached directly to the engine, but
the reversal is accomplished suddenly by
springs at the end of the nut’s travel.
Experimentation will tell whether the quick
reversal or slow reversal is more effective.

Burks tested the ability of the engine to
reverse directions when attached to a rubber
band as in figure 1B. Instead of a bolt and nut,
the load was provided by an ordinary propeller.
A flywheel was used, and seven #64 rubber
bands were attached to the propeller. The
engine reversed successfully, and according to
Burks it seemed to be running in its normal
power and speed range. After about 20 cycles,
however, the rubber bands were cut through by
rubbing on the propeller, and when they broke,
the engine stopped reversing.  Another
problem was that the rubber band swun
outward due to centrifugal force. Burks did not
indicate the operating frequency of the system
he tested, but presumably this could be
adjusted by changing the length and thickness
of the rubber band.

Fortunately, both of the above problems

could be solved by using a steel spring instead
of rubber, or by using a linear arrangement, in
which the rubber band or spring does not
rotate. Figure 2 depicts two such devices. The
first of these uses a stretched rubber band or
spring, attached to a spool so that it can exert a
rotational force on the engine output shaft. As
the motor runs, the cable is would onto the
spool. This stretches the rubber band until the
engine stops, at which point the rubber band
restarts the engine in the opposite direction.

In a system such as this, the effective gear
ratio is determined by the number of turns of
the bolt per engine cycle, and the cable length
and spool diameter should take this into
account. For a reduction of 60:1, the bolt will
turn 30 times per stroke. Since the cable is
totally unwound (unless you are trying to
balance the force of lift on the wings) about half
way through the stroke, the cable length will be
15 times the spool circumference.

The QN replica created by Paul MacCready
and Aerovironment used a similar system
with electric motors. Two 1000 watt model
airplane motors (Astro Cobalt 60s or something
similar) were controlled electronically so that
power to the motors was reversed at the end of
each stroke. Momentum of the rotating parts,
especially great in an electric system, was stored
in a stretched rubber band. The rubber band
was attached to a cable, which was wound
around a spool to exert torque on the rotating
system. The rubber band also balanced the
force of lift on the wings. QN had a low-
friction ball screw to convert the rotation to
linear motion for flapping the wings. The QN
model was very heavy and did not sustain
altitude, but it was quite able to flap its huge,
5.5 meter wingspan.

The second design in figure 2 is intended to
provide a more rapid reversal of engine speed.
Thus, the rubber band serves mainly to take up
the slack in the cable, while a compression
spring reverses the engine when the cable is
wound in to a certain point.

The bolt and nut arrangement will have a
lot of friction, but this system will be much
lighter than gears. The early tests show
promise, and this idea is bound to tempt
anyone who has taken on the frustrating task
of building an ornithopter gearbox.



Letter from Horst Handler
Translated by Dora Czike
14 February 1995

Dear Mr. Chronister,

As an enthusiastic and long-time subscriber to your magazine, [
would like to send you some pictures of the model airplane 1 have
assembled up to this point.

You may use the pictures at your own discretion.

It is only a small part of my over 30 years' work in this field.
Despite my age (71) 1 still occupy myself with this problem, and
have already had a few successes with the models.

I now use mainly electric power. The bigger models are all equipped
with it.

Two years ago I also built a reproduction of Professor DelLaurier's
model.  The power is a cobalt-Somarium electric engine. The smaller
models are reproductions by Prof. v. Holst from the 1940's.  The
power consists of a very cleverly devised rubber engine energy
storehouse.

You will surely be able to understand by looking at the pictures. If
not, I could give you more detailed information if needed.
Incidentally, I have been friends with Mr. Ribiger for a long time
and we have worked together.

Unfortunately my English is so poor that I couldn't expect you to be
able to read it. [ am sure you will find someone who will translate
my lines for you.

I hope you have fun looking at the pictures. You are welcome to

publish this in Flapper Fact.



Gear system: March/April 78
ratio = 1:300
Motor: Cox Tee Dee 020

052 PS, 19500 RPM
(fiuntrifugal clutch
Total weight =97 o
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AN OUTDOOR ORNITHOPTER BY KEN JOHN SON
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I enclose a soreadsheet study relating to my
ornithopter—-model wing design. This is one of fortv-some
sueh sheets, which vary all the variables one at a time in
an attempt to optimize the desiagn. Ihere will doubtless be
stall more of betore the wino desion is cast in balsa-wood
and epoxy-qgraphite, Yoo will see on this sample sheet some
of the things yvouw discussed in your "New Twist" article.

Hecause 1t was written only for my own use, vou
probably won’t be able to understand everything which I have
done on it, but it will give vou a feel for the approaches 1
am taking. Unfortunately, the spreadsheet printouts don®t
show the formulas from which the computer calculated all the
values. L have found computer spreadsheets a wonderful
time-saving tool for making ornithopter design trade
studies. I assume you have used spreadsheets in other
work-=-=1 highly recommend them +or ornithopter design if vou
are not already using them there. I have make very useful
flapping-wing studies on spreadsheets which I never would
have gotten enouagh ambition to study by old manual methods.

Ffy "RCSeagull" ornithopter model is coming along. I
now have the wing twisting mechanisms built and integrated
with the flapping mechanisms. These are currently installed
in an "lron Bird" test rig. [t had demonstrated, under the
power - of the small electric wing-leveling motor, combined
flapping and pitching of the wing spars and radio control of
the maximum pitching angle and of differential pitching for
roll control. As far as I know, mine will be the first
ornithopter with controls on all three aves. It will also
have pitching (twisting) amplitude control and throttlie.

I made a presentation on my ornithopter work to the
Morthwest Section of the American Institute of Aeronautics
and Astronautics in Mav, 9% (I am an Associate Fellow of
that organization). it is likely that thev will recoanize
my efforts as an official ATAA Fliaoht Research Froiect and
grant me a modest sum for parts and materials.

With regard Lo your item on the Fiselev Russian
rocking-tandem ornithopter model works: I have a copy of a
1988 article in Russian (7 got a crude translation from the
Local Russian Tea Room) on the SLA-87 powered mancarrving
roclina-tandem ornithopter, which was designed by Valadimir
Toparov, director of a research organization. It would taui
"up to 50 kmh, but did not fly." The photos of it are
interesting in that they show not two, but four pairs of
wings. It 15 a "double tandem" with two tforward wings
rocking out of phase with each other, and two aft wings also
rocking out of phase with each other. This would, of
Cowrse,  cancel out the yawing and rolling moments which are
generated in the basic tandem rocker configuration when it
flaps: bul at great cost in complexity.

Toparov is said to have experimented with ornithopter
models for a long time first. but no mention was made of
Filselev. Another "expert", Zhukovoski, was mentioned.
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