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BUTTERFLY II

Butterfly II is an evolution of Butterfly I as shown in the 1986
winter issue of Flapper Facts. It differs in the following;

Larger wing area with kevlar trailing edges.

Forty degree flapping angle as opposed to thirty.
Flat section on lower wing to bring upper and lower
wings closer together at minimum point.

wN -

Best time to date was 7:02 at the USIC 1987 contest. A 15 in. X
1.23 gm Pirelli motor with 1540 turns was used. The average
flapping rate was 173 flaps/minute. Two points about this design:

1. The LE of the canard must be stiff and the TE must
be fairly flexible or the model will be unstable.

2, To increase left turn: Hold model by the bearing and
crankshaft with crankshaft in the lowest possible
position., Looking down from the top , bend the end of
the crankshaft slightly in a CCW direction.

The most negative aspect of this design is that the aerodynamic
loads vary greatly during each cycle of the crankshaft. For this
reason the above time is probably close to maximum performance.
I am working on a new mechanism that should remedy this fault.

Present state of the art has evolved the biplane canard
configuration as optimal, Frank Kieser's Fancy Girl III is
without a doubt the best available design. Two factors
critically affecting future improvements are:

1, The aerodynamic loading of the crankshaft during each
cycle. This determines the efficiency with which motor
power is transferred into useful aerodynamic work.

(see papers by Frank Kieser)

2. The angles of attack of the flapping surfaces are
EXTREMELY critical for the efficient production of 1lift
and thrust. To date, all designs control pitch
distributions via spar twisting and aerodynamic loads.
This i3 neither very reliable or controlable.

An engineering study of ornithopters concerns kinematics,
aerodynamics, and energetics., After some library research I've
found the problems of ornithopter flight are fairly well
understood. The following article gives a good overview:

Weis~Fogh, T. & Jensen, M. "Biology and Physics of Locust Flight.
I. Basic Principles in Insect Flight. A Critical Review" 1956,
Royal Society of London. Philosophical Transactions. 415-457.

July 13, 1987 Lester W. Garber
2324 East 5th Street
Duluth, MN 55812
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QUESTION & ANSWER by Frank Kieser

Recently, [ had a letter from Jim Woolnough who nhas ouilt a canard flappef and
has had trouble getting 9o00d pitch trim. The follgwing 1% a asscription of hAgquw I
90 about trimming for pitch.

PITCH TRIM OF A CANARD ORNITHOPTER by Frank hieser

By definition, a canard ornithopter must be a pusher since the flapping wing 1s
at the aft end. The diagram below shows the forces invaivad in pxtch~tr1m. Pitch
equalibrium results when the aquations X=@, Y=3 and M=0 are satisfied.

' y FLAPPING L2
4 sTABILIZER YWING
| P \ —
- {
e O 4
G/\s *W G"W
Some comments on the forces shown are appropriate.
1. Pecause of the poor aerfoil shape of the flaeping wings and the airflow
interference of the upper and lower wings, if it is a biplane. the 11ft
coefficient of the flarper wings is lows, possibly in the order of 1!/3 that of a
normal wing.
2. The center of gravity of the weight (W) is located between the two lifting
surfaces with the distances X! and X2 inversely pFroportional te the lift
forces.
3. The propulsive force (P) is assumaed to act along the flapper chord at the
center and may be resolved into vartcal and horizontal components PY={R)sind and
PX=(P)cos0.
4. The drag force (D) is the resultant drag of the entire craft and is Parallel
and gprosite to the line of flight.
5. The AMA rules allow no part of the stavilizer to be closer to the flappers
than 1/4 the srpan of the flappers. Also, the stabilizer arsa can be no mare than
1/2 the flapper area. For indoor models, it is usually optimum to design to the
limit of these rules. To minimize total waight no ballast should be used. It i3
usually beneficial to absclutely minimize the flapper and linkage weights so
that the center of gravity is closer to the stabilizer since it is tha more
efficient lifting surface.
4. The wing and stabilizer moments are not predominant forces but are shown Tor
completeness.
An accurate solution of the three equations of equilibrium is difficult because
of the inexactness of the values of the individual parameters. The following
experimental procedure is recommended to trim the craft.
1. Initially set the flapper and stabilizer incidence to zero. Check the center
of gravity (with the rubber motor) to see that it is roughly midway between the
stabilizer and flaprer. Glide the craft. If 1t dives, add incidence to the
stabilizer and if necessary move the stabilizer forward to increase the lift at
the nose. If the craft stalls in the glide, reduce the stabilizer incidence.
Don’t be toco concerned about gliding trim since in indoor flight, the motor
should be sized so that there are turns left on landing.
2. Fly the craft, starting with a few turns and increasing gradually. If the
craft stalls under high power with diminishing stalls as the power decreaseas,
adjust the flappers for positive incidence. This causes an upward component of
the flapper thrust, PV, at the aft end of the craft. It also increases the 117t
of the flapper surfaces. Both affects produce a moment to counteract the stall.
If the climb 1s insufficient, put a negative incidence in the flappers to
Produce the opposite effect. This is much the same as adjusting the *hrust line
of a propellor craft., The flappers mnay be also ne tilted ieft or right to
control the turn.
To summarize, adjust the stabilizer incidence for low toraue or gli1ding flight
and the flapper incidence for high toraue flight., The canard 13 a very fargiving
configuration. It will never stall. but Just dip the nose 17 the =limo 3ets too
steep. By flapper incidence adjustment, 1t 1s possible ro superess the climp at
maximum power or even make the cratt loop 1f there 13 surficient power.
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