THE WILD FRONTIER

Lest we all become discouraged and look with envy and despair upon the accom-
plishments of others, thinking there is no way we can make a mark in the isolated
but nevertheless carnivorous world of man-made flapping objects, take neart! Why
not try meking the most beautiful and artistic flapping creation you can, and then
let's see who can sell one for the most money... could be a bit difficult to beat
Ken Johnson on this, though. We have, as a group concentrated almost exclusively
on indoor-- what about outdoor machines? And I don't mean indoor models flown out-
docrs; I want to see big, ugly, noisy flapping monsters! What avout ROG ornithop-
ters? What about articulating wings, like real birds? Have you considered put-
ting an engire in one? Well, have you?

And another thing... many of you are receiving this newsletter without having
praid your 37.00 dues to Shirley White. Either cough it up or EPiS is the last one,
got it? -

True, , v

MEMBER NOOZ

Hewitt Phillivs has sutmitted a ten-.page dissertation on how and why a flapper
fuselage boks up and down during flight. (This issue is also addressed in Kieser's
article.) Send an SASE (large envelope) if you are technically-minded and would
like a2 copy. One must take excepiion tc one of the statements found in his paper,
however: "Nowhere in nature are seen counter-flapping configurations with four
wings..." The diagram below illustrates the flapping cycle of a dragonfly.

Roger Schroeder has experimented with an articulating-wing machine, attempting
to phase the inner and outer wing ranels. To make a long story sheri, the wing sec-
tions sort of cancelled one anothsr out and the craft explcded. Procf re's a pic-
neer! .

Dar Garfinxel wantis to build a2 friction-drive powarad ornithopter. Get in tcuch

with him if you'd like to discuss ist.




Ken Johnson as usual, is making big bucks with beautiful ornithopters... how's
$3,142.00 for a motion picture prop sound? The movie is called, appropriately
enough, "Birdy." No slouch in duration, Ken has also broken six minutes with a
biplane design, that with "hitting the wall at 20 feet and walking down". He is
also experimenting with a "reaction flapper" concept, where the "wing flaps the
tail”. He is also thinking of starting his own flapper club... hey, can we talk?

Frank Kieser has broken six minutes. with & biplane canard design based on his
crank analysis system. Part II of his article is given in this issue to show the
sort of analysis he can do of a mechanical design of your own. Just send him
the mechanical dimensions of your design and he'll run one for you.

Al Rohrbaugh's design, presented in this issue with complete plans and ccn-
struction article, has been chosen as "Special Category Model of the Year". Con-
grats, Al. ' :

PRESIDENT’ S CORNER by FRANK KIESER

We are off to a go0d srtart In 85, Tne organizatian of
our Society is complete. Registration and dues from most
members have been received by Shirley White. We asi the few
remaining to get their application to Shiriey as soon as
possible.

In 1984, we saw Al Rohrbaugnh demolish practicailly all
existing ornithoptér records. 1985 should be the year that
we challenge Al’s hew standards. It won’t be easy since Al
himself is probabiy 'Planning on bettering these records. 7o
mey - Al has proven that the right combination of design
paramerers can * make the ornithorter an efficient flying
machine. What are these critical design parameters ang wha
is the theory behind *hém 7 So far., [ have ssen very l1ittl
documentation of the subject but I am swre we must have
tnaorl1es and conca2pts even 1f not detailed analusis.
the purposes of the Society is to advance the technol
orrithorters. Therefore, 1 would liks to see this news-—
ietter used as a forum for Tor Clzcussion OF what mak
afficient arnithoster. I hope ts presant some oF
in future issues, and I would like o s=e them o
and other views presentéd. Let’s all contriburs
Fet & fnandis on the oroblam.

©
=

xtwnrrd [NTERNATIONAL ORNITHOPTER FOETAL COLNTIST sseisres

AS previousliy announced, thne SozZiety will seonscer an
grnirthopter contest. We hope to have ths detrsils Firali
and the Tormal annocuncament crosaread in 2 fo £ 1
PEBSUE DT TRlE newsistitec, T mair Foaig =z z
now are listed o2iow. Your ions an w Z
0E SBRESRITIA&TRI S Cnat e o1} 3

o rest.

Send all entries to Dave Erbach.
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ORNITHOPTER '84

My experience with the 1984 serles of high time ornithopters started
with the additioﬁ of two more wings to my standard two winged record
ornithopters as tried by others: John White, Parhém, Deshaye. The concept
of 90° aut of phase crank throw was especially attractive because the
additional flappers utilize two sectors of the 360° crank throw which,
otherwise, 1s lost. A significantly more important gain is the reduction
of stress on the system. That snap in. the two winged versions occurring
180° apért, which results {in catastrophic fallure, was now virtually
eliminated. This was the breakthrough. Reduction in flapping compounent
sizes, and thus weight, was now feasible. I used braced spars to reduce
weight on the old flappers with wmixed results. Spar twist resulting from a
combination of aft bend and vert;cal bend renders the system ineffective.
I found that spar strength fore and aft shares equal importance with
vertical bend strength. Too much aft bend results in the flapper having
zero pitch in the propeller analogy. This, in turn, results im high beat
rate with ainimuam thrust. Tcoo little aft flex results in iasufficient
angularity, or pitch, of the covering resulting in insufficient thrust.
It's a fine balance to achleve; maximum forward speed with minimum beat
rate. The conclusion is that an inherently strong spar 1s needed in both
bend axes, tut not tooc strong, to provide proper pitch angle. Bend tests
and experimentation are required for precise gpar material and size
selection. Boron was used for rigidity but it can be dangerous, so use

cautiously.

With respect to wing sizes, my early (1982) record flapper models with
two wings were based on fixed cenrer sections with eight inch wings.
Bigger wings resulted in frequent destruction because of excessive power
requirements. For these reasoms, my first four wing models had ten 1inch
wings with 24 iInches cverall span. Weight was approximatelv 1.9 grams.
After house testing (7-1/2 feet ceiling), the model then flew twice at

Akron (May 19, 1984) 6 ainutes plus, and 7 minutes, 51 seconds, CAT IV
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Records. I put the model away. Another model was built, this with 11 inch
wings and lightened to 1.6 grams. This proved to be the consistent record
setter. It has flown tean times; four flights at West Baden (6/30/84), 8:17
CAT III; two flights at Akrom (7/22/84), 8:49 CAT IV; three flights at
akron (9/11/84), 10:25 CAT IV; one flight at Chanute (9/30/84), 6:05

CAT II. CAT IV altitudes have been 120 feet.

The tail shown proved to be adequate. It follows standard indoor
construction practice with hollow tapered boom. Left rudder with canted
stab provide turn adjustment. Pitch angle (approximately -5°) 1s
determined by tests with power, as loop length has an effect.

Cabane s:ruéggre aust be strong emough to resist crank action imparted
to the flappers, with gradual lightening of the structure to the trailing
edge. For the same strength reason, the cabane must be carefully glued to

the motorstick with no twist.

As the foregoing indicates, craftsmanship with lighﬁnéss is all
important. Experiment for cramk throw (approximately 3/4 inch) and optimum
flap angle. These considerations cannot be overstressed in their
importance to successful ornithopter flight.

Al Rohrbaugh
January 29, 1985

SPRINGTIME FLAPPERFPETS

A couple of classic outdoor machines from the '50s are included in this issue,
both designed by Parnell Schoenky. They cnly fly for abecut 30 seconds, but machines
like these can be a lot of fun in the sunshine. Be careful, though... they tend
to get attacked by swallows. Try one!

A mysterious tailless plan is also included; one of a batch of strange Japarecse
rlans imported by Warren Willjams. A little elevator at the rear appears to‘pop up
as the wing flaps down. You kave ic werk up the mechanical dimensions yecurself,
but it appears to flap more anhedral than dihedral. If anyone builds this thing,
please inferm the Facts abeut its performance.

- -

e would like to print plans, articles, notes, etec. from every merker if we
could. Our reproduction facilities are very limited, however, so: if you submit
an article, please be ccncise! after this issue, no articles over two pages in
length will be printed... if you have more to say, please make reduction cepies
to condense your typeseript. If you submit plans, please draw them up so they fit
on 8 1/2" x 11" parer. Let's give everyone a chance to distribute their plars and
concepts through the nswsletter. And again, if 1t isn't typewritten, it won't
be printed.

We are collecting a library of technical pagers and informative articles which
may te distributed to members on an SASE basis., This will include reprints of old
tut important magazine articles. A list of what we Lave tc offer will te included
in the next newsletter.

Many thanks from your editor for your continuing suprcrt and enthusiasm.

AS1]
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THE DESIGN OF GRNITHOPTER LINKAGES - PART 1I1I

In part I we showed how to derive the precise linikage
dimensions to give a selected wing motion with a given
crank center and wing pivot center. Now we will discuss a
computer evaluation of different designs. The programs used
are not given since they are quite long and complicated,
however a print out can be obtained by writing to the
author at the address at the end of this article. Also if
you have a specific linkage you want evaluated, the
evaluation curves for that linkage will be furnished. The
computer programs are written in Pasic for the TRS-S0@ Model
III and a CGP-115 graphics printer.

The first program, "LINKO", calculates wing angle and
wing angular velocity as a function of crank angle for any
selected crank angle increment. Thirty degrees is the usual
increment used since it gives gmod accuracy without being
unduly leng. The program is run separately for each wing.
The second praogram, “DISTO", combines these outputs and
Plots the wing motion curves. The program then calculates
and plots the relative crank load due to the wing flapring
and relative values of the roll, vertical and horizental
forces on the body as a function of crank angle. Before
presenting the results of several evaluations, the
assumptions used in the analysis will be discussad.

Most of us who fly ornithopters know that at the
maximum up and down paositions of the wing, the crank goes
through dead center with a noticable increase in crank
rotational velacity. This also means that there is very
little torque reaquired to rotate the wings at these points
thus wasting some energy in the rubber motor. It was for
this reason J. S. White in the earluy 1950°’s originated the
biplane ornithopter with wing motions that are out of
phase. Put even in biplane designs, this crank load may not
be completely uniform as will be seen later. Another
solution would be a fluwheel on the crank, but for
endurance models, the weight would be prohibitive.

A second problem is caused by the wing flapping that
so far seems not to have been given much attention. Pesides
giving thrust, the wing flapping gensrates other forces on
the craft which cause cyclical disturbances from steady
flight and waste energy. For this analysis, only the roll,
vertical and horizontal disturbances are considered as they
are believed to be the major ones. The fact that they =2xist
can be seen by holding the craft lightly at the tail in
pendulum fashion while the wings are flapping and watching
the oscillations. Oscillations in flight can also oe
noticed if watched carefully from the right viewing angle.




The complete dynamics of the ornithopter is an
extremely complei problem and to my knowledge has not yet
been analyzed. McCready will probably do it as part of his
Smithsonian project. My analysis makes a number of
simplifying assumptions which I believe are valid for a
first order comparative evaluation. The basic assumption is
that the force required to rotate the wing is proportional
to the square of the wing rotational velocitwy. The crank
rotational velocity is assumed constant and the crank load
is the torque required to rotate the crank at that
rotational velocity. A number of things such as the mass
and elasticity of the elements and the craft and the
tightness or looseness of the wing covering ar=2 not
considered. The programs calculate only relative not
absolute values of the crank load and disturbance forces,
but this is adequate for a relative evaluation of different
linkages.

The measure of merit for a linkage design is that the
crank load is nearly constant while the rolls vertical and
horizontal forces are a minimum. As will be seen, when one
of the items is improved, another may suffer so that any
design is a series of compromises. Also the evaluation of
merit depends on which items we consider most important so
that it can become very subjective. Never the less, it
offers an analytical means of evaluating a linkage that can
be iterated and optimized before the model is built.
Finally, the optimum linkage design may nat be aptimum from
all standpoints such as weight.

Figure 1 shows a sample of the input data for a
typical biplane design and the tabular output data. The
geometry of four separate designs is skown in figure 2 and
comparative performance curves are shown in figs. 3 and 4.
The four designs are Lew Gitlow’s "Flapper", Pat Deshaya’s
"RBibitte", Philip Watson’s "Radical Chick" and finally a
modification of Watson’s design. THere are three striking
characteristics to Gitlow’s design which are representative
of most monoeplane ornithopters. First is fhe crank loag
that is almost zero at two points. This has already been
discussad. Second we see a large vertical reaction because
the two wings are nearly in phase. They are both going down
or up at the same time causing a large opposite forecs. This
can be reacted and damped by a fined wing between the
flapping wings or by the inertia of the craft, but thers
will still be some bounce in flight. Third, there are
cyclical roll forces due to the wings being slightly out of
phase. This can be minimized by modifuing the linkage to be
more in phase, however, then the crank load at dsad center
will be even closer to zero.




Next, looking at Deshaaye’s design, we see that the
cranlk load is quite uniform and the roll and horizontal
reactions are near zero. The vertical reaction, however, is
quite large due to the fact that the upper and lower wings
are only 90 degrees out of phase and there are periods in
the cycle when all four wings are moving up or down
together. Deshaye has said that he got improved performance
with the wings 120 degrees out of phase. A run was made of
this configuration and the significant results are
overlayed on the 9@ degree curves. Although the peaks of
the vertical reactions are only reduced by about 10 %, the
area under the curves is 15 to 20 7 less. This
configuration results in an increase in the variation of
crank load of about 15 %Z. This might lead one to conclude
that minimum vertical reaction is more important than very
uniform crank load.

Watson’s design is conceptually different in that the
upper and lower wings on the same side are 180 degrees out
of phase, but the left and right sides are 45 to &0 degrees
out of phase. This results in a crank load that is almost
as uniform as Deshaye’s, significantly less vertical
reaction and some horizontal reaction. There is however
quite a lerge roll reaction during one pericd of the cucle.
A model was flown with the Watson linkage and the roll was
very noticible in flight tending to confirm the analysis.

The final set of curves, KCD-4, is a result of an
attempt to improve on the Watson design. The changes
consisted of raising the wing slightly, decreasing the
lower wing radius and increasing the wing offset angles.
The result was a significant decrease in the roll, vertical
and horizontal reactions with only a moderate increase in
the crank load variation. The flight test of this design
will be interesting. -

So there you have a summary of the work of several
months. Comments and opinions on this approach will be
welcome. If anyone knows of a comparable or more complete
analysis, I would like to hear of it. As mentioned
Ppreviously, if you have a specific design that you would
like evaluated, send me the complete dimensions. Also, I
will be glad to furnish a listing of the computer programs
if they will be of use.

Frank Kieser

2219 Gordon Ave.
Jacksonville Peach, FL 32250
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