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ANTIZDITORIAL
There will be no aditorial in this issue. ,:7

IN THIS ISH:

- Maybe we should make some mention of something from the last issue: the Kieser bipe
canard plans are now worth ten minutes, 36 seconds! See the in-fiight picture {stolen
from Model Aviation) and a few amore details on our oresident's unique ship inside... re-
member,” save those plans!

That ornithopters probably function within a mors complex aerodynamic realz beyond
that of more conventioral craft shculd come as no surprise; but that much of the more re-
cent biolecgic/aerodynamic interdisciplinary research is making some headway into under-
standing ithese nonsteady aerodynamic forces acting on small flapping wings is exciting.
For this reason an explanatory article appears inside. It was stolen from Science, June
14, '85 issue. )

The "Applied Freethinking" award goes to new member Les Garber, whose 4 1/2 minute
biplane plans and article appear within. Garber hasn't copied anyone-- his machine has
orly three moving parts, two of which are the wings, which describe a unique flapping mo-
tion. His duration may not seem like much in these post-Rohrbaugh days, but bear in mind
that 1) his ornithopter is still in its sarly test-bed stage of development, 2) less *han
a year and a half ago his device would have been a record-setter... this with a completely
— original, pioneering design.

lease Please Please £ill out and
send in the questionaire, sveryone.
This is very important to our organi-
zation on all levels, and will ensurse
shat you gst your money's worth and
that our organizational posts will be
filled next year. Pat will serve as
Iditor for one more issue of ¥, 30
we will need a new Zdi%or... Any “ak-
ers? C'mon...
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CR.LITEC2TER ACTIVITISZSS by Frani Xieser

iaflla; léSSvRay Haflén set a Cat., II record of 7 min. 03 sec,
at Andover Academy (35 £t.)

June 29, 1935 - Ray Harlan get a Cat., I record of 4 min. 59 sec,.
at the 4IT Ice Rink (26 £t.)

June 18, 1985 - U, S, Indoor Championships, wniagara Falls, NY
Cat, III = The ornithopter event was won by Frank Kisser
£lying nis canard biplane for a time of 5 nir. 46 sec.

Second was Les Garber flying a unique seec-saw biplane for a
time of 4 min. 37 sec. Third - Joe Krush, 3 min. 09 sec.
Fourth - Jeurgzin Kortenbach 2 min. 35 sec.,

iuly 6, l§85 - AMA Record Trials, Goodyear Alir Dock, Akron, OCK
On hls last flight of the day, Frank Kieser nhad a record flight
of 10 min, 36 sec., (Cat IV¥) reaching an altitude of approximately

160 ft. On the previous day, Ray

9 min, 21 sec.

Harlan turned in a time of

August 1, 1985 - Free Flight Symposium at AMA Nats.

The Symposium was chairmaned by NFPES President Tony Italiano
and held at the Quality Inn in Chicopee Mass. To an audience

of over 100 free flighters, Hewitt Phillips presented his paper
The Fuselage Motions of Ornithopters and Frank Kieser gave a
falk _on Ornithopter Design. Tony presented NFTFS awards for the
1985 Free Flight Hall of Fame and the top 10 models of 1894
ircluding Al Rohrbaugh's record breaking ornithopter.

Dragonfly Flight: Novel Uses of Unsteady Separated Flows

Abstract. Studies of insect flight have revealed novel mechanisms of production of
aerodynamic lift. In the present study, large lift forces were measured during flight
episodes elicited from dragonflies tethered to a force balance. Simultaneously.
stroboscopic photographs provided stop-action views of wing motion and the flow-
field structure surrounding the insect. Wing kinematics were correlated with both
instantaneous lift generation and vortex-dominated flow fields. The large lift forces
appear to be produced by unsteady flow-wing interactions. This successful utilization
of unsteady separated flows by insects may signal the existence of a whole new class
of Auid dvnamic uses that remain to be explored.

Many insect species exhibit flight be-
haviors not readily explained by conven-
tional steady-state aerodynamics (/. 2).
Using high-speed photographic records
of hovering chalcid wasps. Weis-Fogh
(2) observed a wing upstroke completed
by a dorsal clap and a downstroke initiat-
ed by a flinging apart of the wing leading
edges. These so-called “‘clap’™ and

“fling’”” movements were purported to

induce both temporally and spatially de-
pendent circulations about the wings that
accounted for large unsteady lift forces.
The estimated lift values were consistent
with the observed hovering behavior.
Analytic evaiuations (3) corroborated
the postulated underlying unsteady fluid
mechanics. Using physical models to
simulate the Weis-Fogh mechanism.
Maxworthy (4) visualized these unsteady
separated flows and suggested that they

play a larger role in the production of lift
than had been predicted. Theoretical (5)
and experimental (4) analyses have fur-
ther characterized the influences of un-

_ steady separated tflow on the Weis-Fogh

mechanism of lift production. These
studies indicated that novel unsteady flu-
id mechanisms can be used by certain
insects. Moreover. these unsteady sepa-

rated flow mechanisms, based oa the
same wing geometry and kinematics. ap-
pear to generate more lift than do steady-
state mechanisms.

In this study we correlated dragonfly
wing kinematics with lift history and the
structure of the surrounding flow field.
This insect exhibits a proficient flight
capability with refatively simple. fixed-
geometry wings. Its major flight modes
include stationary hovering or siow hov-
ernng in any direction. high-speed up-

ward and forward flight, and gliding
flight. Earlier studies (2, 7) indicated
that, for dragonfly hovering. calculations
based on steady-state aerodynamic the-
ory do not produce the lift values neces-
sary to counterbalance the weight of the
insect (8). In fact. the large geometric
attack angles of the wings characteristic
of dragonfly hovering may result in a
total separation of the boundary layer
that precludes the use of steady-state
mechanics.

In evaluating the mechanisms of drag-
onfly flight. physical characteristics
were measured. wing kinematics were
documented photographically. lift pro-
duction was correlated with wing mo-
tions. and flow was visualized to reveal
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associated perturbations in the tow
field. The results indicated that the drag-
onfly generates and controls unsteady
separated airtlows to produce lift. The
manner in which the dragonfly does so.
however, differs from that reported for
the chalcid wasp.

Twenty-one dragonflies (Libellula luc-
tuosa) netted in habitats near the Univer-
sity of Colorado, Boulder (~1600 m
above sea level), were used for this
study. Within | hour of capture, each
dragonfly was temporarily immobilized
with chloroform (or cooled to approxi-
mately 10°C) to simplify measuring and
tethering. The average total area of the
two wing pairs on each insect was 16 = |
cm® (mean = standard deviation) and
the average body mass was 340 = 36 mg,
so that the typical wing loading was
2.1 20.2 N m™% The ratios of the
square of the wingspan 10 the wing area
(aspect ratios) were between 8 and 9 for
the front wings and between 6-and 7 for
the rear wings. Such aspect ratios are
typical of enhanced lift-to-drag ratios
(due to reduced wing-tip e¢ffects) used in
gliding flight. Ratios of wing thickness to
chord thickness ranged from 0.0l to ap-
proximately 0.05, indicating that the
dragonfly wing can be approximated by a
Blasius flat-plate model.

Dragonflies were tethered with cyano-
acrylate adhesive at the ventral aspect of
the synthorax 10 a one-dimensional force
balance so that vertical lifting forces
could be measured during flight epi-
sodes. Thirty minutes after tethering,
insects were placed in a zero-flow envi-
ronment, and flight episodes lasting 2 to
3 seconds were elicited two to three
times per minute over a total test time of
10 to 15 minutes. Throughout tests there
was no change in lift force or wing
dynamics of the insects. The output of
the force balance was continuously mon-
itored by oscilloscope, and stroboscopic
photographs were taken simultaneously
with a D.4-msec flash (2900 beam candle
power seconds) positioned 28 cm above
the insect. A light-sensitive diode was
used to indicate the instantaneous lift
force corresponding to the visualized
wing configuration (Fig. 1).

Resulting views of wing motions were
similar 1o those observed for tethered (9)
and free hovering (7. /0) dragonflies.
Correlated patterns of lift generation
were repeated approximately every 36
msec. 5o that wing-stroke and peak lift-
force frequencies averaged 28 Hz. The
basic motion of the wing tips was down
and forward during downstrokes and up
and rearward during upstrokes (Fig. 2, A
and B). Viewed from the side. the upper

14 JUNE !98§

Fig. 1. A typical photograph used to correlate
configurations of the dragonfly wings (left)
with instantaneous lift generation (right). A
spike in the lower oscilloscope trace generat-
ed by a light-sensitive diode marks the instan-
taneous force-balance output in the upper
trace. Approximately three full cycles of the
wings (hind pair marked in black near the tips)
are represented by the three lifting cycles
displayed on the upper oscilloscope trace.
The horizontal oscilloscope sweep moves
from right to left (total duration, 120 msec) in
these mirror images.

half of the stroke plane of each wing pair
was inclined 30° behind the vertical and
the bortom half was 40° forward of the
vertical. Geometric attack angles (acute
angles measured from the stroke plane to
the wing-surface plane) were estimated
10 be as large as 50° to 60° during down-
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Fig. 2. A summary of an average dragonfly
stroke cycle normalized to a 36-msec stroke
period. Wing angles are summarized for ob-
servations from the front (A) and top (B) of
the tethered dragonfly. Measurements of the
corresponding lift 1C) were estimated by sub-
tracting the resonance values contributed by
the mounting device {~355 Hz) from the total
measurements of the force balance (1
# =981 % |07 Ny,

strokes. During upstrokes wing attack
angles decreased from the root to the
wing tip because of spanwise twisting
but still averaged a relatively large 20° to
30°. Rapid changes in attack angles were
observed at the bottom of each down-
stroke, when the wing leading edges
pitched up (supinated). and at the top of
each upstroke, when the leading edges
pitched down (pronated). The hind wings
normally led the front pair through a
stroke, with a phase-angle difference
varying between 50° to 100° (Fig. 2. A
and B). Average velocities of the wing-
tips (~300 ¢m sec™") were larger during
upstrokes (~350 cm sec™") than during
downstrokes (~250 ¢m sec”™!). These
values were obtained from stroboscopic
visualizations that showed high reliabil-
ity across tested specimens. with minor
variances observed only in stroke rate
and amplitude.

Force-balance measures revealed un-
steady lift patterns, with smooth peaks
of 5 to 7 gram-forces (gf) (4.9 x 1072 10
6.9 x 107* N) during a typical test (Fig.
2C) (11). Thus, for an instant during each
stroke cycle. a dragonfly weighing 0.34
gf produces lift forces 15 to 20 times its
body weight. The average sustained lift
was less than this but still amounted to
more than twice body weight.

Correlations of lift history with wing
kinematics (Fig. 2) showed that positive
lift begins as the rear wings pronate and
then accelerate into a downstroke. Lift
increases steadily through the first haif
of the downstroke and reaches a maxi-
mum as the wings pass through the hori-
zontaf body plane. This lift maximum
occurs 8 to 10 msec after a pronated rear
wing slips past a supinated front wing.
Lift drops toward zero during the second
half of the rear-wing downstroke and
becomes negative through the following
upstroke. The first half of the front-wing
downstroke coincides with a positive but
decreasing lift, while the second half
coincides with negative lift.

Flow visualization techniques were
used to reveal the pattern of airfows
interacting with the dragonfly during
elicited flight episodes. A vaporized ker-
osene smoke was delivered (velocity,
~20 ¢cm sec™') through Tygon tubing (1
<m in diameter) to a region directly in
front of the insect. During flow visualiza-
tion tests. limited to 5 minutes or less.
behavior patterns did not differ from
those observed in the absence of smoke.
Flow visuaiizations. recorded photo-
grapnicaily. revealed a prominent wake
flow field behind the dragonfly. This
wake described a symmetric wedge
shape about the horizontal (apex angle
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Fig. 3. (A) Stroboscopic photograph showing a typical wake flow field behind a tethered
dragonfly. The insect is facing right with both wing pairs in the lower stroke plane. The
mounting strut (thickness, ~12 percent wingspan) is positioned beiow and parallei to the
dragonfly body to minimize interference with the induced flow field. Both a laminar vortex-
dominated flow above the horizontal plane of the insect and a turbulent region below are
apparent. The upper flow of this complex wake may arise from residual structures such as those
in (B). (B) A multiple (four to five) exposure photograph of the phase-locked wing motion and
associated flow field around the forewing (the other three wings have been surgicaily removed)
of an automaton model (/3) of the dragonifly ifacing right). Wing motion is driven by ¢lectrical

itive neur

stimulation of flight

lar systems. When shed from the wing surface during

a wing downstroke. vortex structures such as those shown gradually dissipate with convection

away from the insect.

varying between 20° and 180°) which
ranged from 5 1o |5 cm in length. Al-
though generally turbulent in appearance
below the horizontal, above the horizon-
tal the wake region often displayed a
clearly defined character in which local-
ized vortex stacking was evident (Fig.
3A). Previous model studies (/2) sug-
gest, and our follow-up studies (/3) cor-
roborate, that vortices and unsteady
flow interactions are produced by drag-
onfly wing motions (Fig. 3B).
Nonsteady wing motions, such as rap-
id changes in wing attack angles and
velocities, although necessary to support
unsteady fluid mechanisms, are not suffi-
cient to indicate a significant dependence
on unsteady separated flows (o generate
lift. For example. during normal hover-
ing as exhibited by many insects, the
wings move in a horizontal figure-eight
stroke plane at relatively small attack
angles. For these insects. steady-state
aerodynamic calculations yield lift val-
ues large enough 10 support the insect
during hovering (2). However. in the
dragonfly the stroke plane is nearly verti-
cal. the wing pairs beat independently at
large geometric attack angles. and the
surrounding flow field is dominated by
unsteady structures. Perhaps more im-
portant is that the tethered dragonfly
produces a nonsteady lift history with
large transient lift peaks |13 to 20 times its
body weight. Even when time-averaged
across a tull stroke, our force balance
data indicate that a tethered dragondy
generates a sustained lift two to three
times its body weight. possibly indicat-
ing coefficients of wing lift. C_. larger
than the values of 2.3(2) and 6.1(7) pre-
dicted for sustained hovering. Such high

Cy values are incompatible with steady-
state aerodynamics at the associated
Reynolds numbers of 1000 to 2000 (8).
These data are suggestive of one or more
unsteady fluid mechanisms that act in
the production of lift for the dragonfly
(14).

Unlike the chalcid wasp, dragonflies
do not exhibit '‘clap’* and *‘fling’* wing
movements. The front and rear wings are
not latched together. Dragonflies operate
their front and rear wing pairs indepen-
dently, maintaining a specific phase rela-
tion between the wings. Visualization of
the associated flow revealed an unsteady
field different from that predicted and
modeled for the “‘clap’’ and ‘‘fling™
mechanism (2, 4) of the wasp.

The active changes in wing pitch (pro-
nation and supination) initiating both
downstrokes and upstrokes, respective-
ly, have been suggested to play a role in
unsteady lift generation for the dragonfly
(2.7, 12). The fluid dynamic mechanisms
underlying such unsteady effects have
not been described. Although the pres-
ent force-balance recordings do not rule
out such unsteady effects (//). the single
large lift peaks that occur once in each
stroke period suggest that lift generation
is dominated by the integrated interac-
tions between wings rather than by the
unsteady etfects clicited independently
by each of four wings.

On the basis of the measurements of
the forces generated during the wing-
stroke motions of four wings. there may
be a requirement for coordinated interac-
tions between the front and rear wings.
as has been speculated (7). The high
positive lift that is generated immediate-
ly after a pronated rear wing slips down-

ward past a supinated front wing (Fia. 2)
may indicate that highly energetic vortex
flows separate from the upward moving
front wing and then interact with the rear
wing to produce high lift. Although our
data suggest a controlled movement of
vortices between wing pairs, the details
of these flows remain to be measured
and correlated with lift production.

The tethered dragonfly may not be a
precise model of the insect in free flight.
but the similarities in wing movements
are remarkable. That the tethered drag-
onfly generates high lift makes underly-
ing fluid-wing mechanisms worthy of fur-
ther investigation despite any departure
from normal flight conditions. Also, such
fluid mechanisms may exist initially near
a dragonfly escaping freely from rest.
Additional flow visualization studies to-
gether with a multdimensional force-
balance analysis shouid help to clanfy
some of the finer details of these novel
mechanisms of lift production (/3).

It seems clear that the total flight be-
havior of most insects depends on both
steady and unsteady fluid mechanisms.
During any particular flight mode, one
type of mechanism may predominate.
The use of complex unsteady separated
fluid mechanisms need not imply the
existence of complicated wing geometry,
motions, or control. The dragonfly gen-
erates large aerodynamic forces by
means of rather simple wing structures
and kinematics. Morcover. these wing
kinematics and associated flow fields are
different from those postulated by Weis-
Fogh for the chalcid wasp. These obser-
vations suggest a number of different
mechanisms for the generation and use
of unsteady separated flows by insects.
Whether such mechanisms might be use-
ful on a larger scale at high Reynolds
numbers remains to be seen (/5).

CHRIs Somps
MARVIN LUTTGES
Department of Aerospace Engineering
Sciences, University of Colorado.
Boulder 80309
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- By steadv-state definiton. the lift coefficient.
CL. equals L'*p VS and the Reynolds number
equals oV u where 5 and w are the density and
viscosity of the air. respectvely, S is the wing
surtace area. and ¢ is the average distance from
the wing leading ¢dge ‘0 the trasiing edge. Dur-
ing hovering. cach of the four wings of ‘he
Jdragonfly is assumed 1o develop an average lhift
force. L, equal 0 one-fourth the toral insect
weight. By assuming 3 simple harmonic wing
motion and by making conservatve esiimares of
the Jdirection and magnitude of the velocities of
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DRAGONFLY: A SIMPLE ORNITHOPTER
Lester W. Garber
1. Description of Design

Dragonfly is an ornithopter with a simple flapping mechanisnm.

The front and rear wings 'teeter-totter' as opposed to flapping
in a bird-like fashion. The mechanism has four parts; pushrods,
crankshaft, and guideslot frame. The lower ends of the pushrods
are rotated by the crankshaft. Pushrod travel ig restricted by
the guideslots. The wing centers travel an egg-shaped path while
the wing tips follow a banana-shaped path,

The principal design parameters are the crankshaft radius,
distance from the center of the crankshaft to the center of the
guideslots, and the lengths of the pushrods. Despite the simple
mechanism, the motions of the wings are difficult to visualize.
Equations and computer programs were written to describe these
motions as functions of the three design parameters,

The front and rear wings are very close together, this is
dictated by design and (I think) aerodynamic considerations.
Stiff Pushrods, close tolerance bearings, and accurate dimensions
are required or the wings will interfere with each other,

Certain aerodynamic phenomena can cause a fore and aft twisting
of the wings: At high angles of attack, the wing half rotating
down will have a greater relative air velocity than will the
other half of the wing which is moving up. This causes more
thrust on the high velocity side which Causes a twisting moment
on the wing and pushrod. The pushrod bearings must have close
tolerances and the pushrods and wing spars must be stiff enough
to resist the twisting force or wing interference will result,

For any ornithopter, the paths traveled by the wings can be
divided into four regions: Up travel, up transition, down
travel, and down transition. During transitions, the trailing
edges of the wings have no vertical velocity (only the spar is
moving), hence there is no thrust. Therefore the ratio of
transition travel to upward/downward travel should be minimized.
This can be can be accomplished with large flapping angles,
narrow chords, and minimum chordwise angular changes during
transition. Incidentally, during transitions, the wing membrane
is slack. As the wing exits the transition region, the membrane
is again made taut. This slackening and tightening of the wing
membrane is the cause of the snapping sound associated with
ornithopters,

The shape of the wing membrane during flapping critically affects
efficiency and the relative ratio of thrust to lift. At one
extreme the wing is simply a flag waving in the breeze with zero
thrust and lift. At the othar extreme the wing is a rigid plate
with no chordwise angular change during up and down travel, In
the second extreme no thrust can be generated. Somewhere between
these two extremes lies the optimum ratio of thrust to 1ifte,
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It is more informative to view the wing as an oscillating
propeller, not as a flapping wing, Then something can be said
about the shape of the wing membrane. For example, the ideal
membrane shape should be helical with a P/D ratio of about 2,

In present designs the shape of the membrane is determined by air
velocity, wing shape, and spar stiffness. Making wings work well
is usually a matter of frustration, trial, and error, Perhaps a
better design would have a wingtip rib hinged to the spar to
allow angular rotation. During transitions the tips would rotate
to a known angle of attack as determined by stop settings.

To date I have built some twenty versions of the enclosed design.,
Wingspans have varied from 12 to 24 inches. Weights have varied
from a 2.8 gm, 12 in. model to a 1.25 gm, 24 in. model The
larger models have failed (max. flight times of around & minutes)
because of wing interference and excessive flexing of the wing
membrane., Small sturdy models (12 in. span, 1.3 to 2 gms.) with
tissue covered wings and stabs fly very well (1l to 3 min.).

The enclosed plans are for a version flown at NFFS contest at
Niagara Falls,NY (June 85). Despite the small size and high
flapping rate (190 cycles/minute), the longest flight was 4 min
35 seconds. I am working on a 1 gm, 17 in, version and have
about solved the problems of wing shape and interference, so look
out Frank Kieser!

2. Construction Comments.

The crankshaft, guideslot frame, and pushrods must be built with
great care. Use good light, micrometer, and 640 grit paper.
Measure everything, sand carefully, and bend accurately, With a
bit of practice it becomes routine to work to +/- .001.

The crankshaft must be true in all angles and the bearings must
be of minimum tolerance. I am not totally satis¥fied with the
teflon bearing, thin wall brass tubing (.021 ID) might be better.

I use a spray adhesive (Duro) to stick mylar to wing frames. For
each wing half, smooth mylar onto a flat surface, tape corners,
and carefully lay frame onto film. Trim with carbon steel razor
blade. Each CUT should be made with a new blade. The film should
have the same amount of sag (very little and no large wrinkles)
in all four wing halves., Wings must be warp free or the model
will turn wildly to the right or left,

Motor sticks braced with boron and a kevlar spiral wrap (CCw,
viewed from the rear) are light, stiff, and strong. Boron applied
with small dots of cement every ,20 in. weighs less than ,.001
gm/inch, But be ever so careful with boron, it's dangerous stuff!
Note CG location and make the tail as light as possible.

Use a graphite or teflon spray on guideslots to reduce friction.
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TEIN FILM 1TRPANT |

P : CEMTER R\

ONICALLY SHAPED
MEMBRANE —
WHEN ELRPPING

APEA OF coNe_

LEADING EDGE

I

Cne of <liz covaring materials availadls for nerbrans
surfaces 1s the thin plastic fil:x that is beirz used as &
reczlacement for condenser naper. It is sold under the trade
names "micre lite" (IS & licroX) ard "ulirafilme (Ray Harlan),
Tne thickness of the film is in the order o< 1.7 microns or
70 millionths of an inch. The weight is approximately .1 to .15
gra.:s per 100 sq. inches. The suppliers furnish irnstructions

on avvachinzg to the frame and cutiing but due to the extrene
flexibility of the material, special consicderetion must be
g€iven to maintaining the membrane contour at *re curved
traliling edge.

The first point to realize is that the membrene surface’
aprroximates a sezment of a ¢one whose apex 1s af _the inter-
section of the leading edge and the center riv.AIf 2 menbrane
stiffener is placed as shown above, it will be on an elenent i
of the cone and therefore will be a straizht line. The traila- \
ing edge shape can them be approxinated by two straight lines, \
ons froi the LE to the stiffener and the other from <ire stifr- \

l
I

enexr to the center rib. The mewdrane will then-always maintain
the desired coniczl shape. It has besn ny experience that the
stiffener should be extended closs to the LE/rib juncture.

I have used .020:.,040 balsa on ons side far <the stiffener.
2y Harlan tells me he uses boron wirs top and voitom. IT
adhesgio
to the flarping icads, small dotg of liouid contact cexent, i
pvarticularly at the ends cf the spar can reinforce the adhesicn /

and prevent sesaration. /
Frank Kieser 8//4/82§

' of the memkrans by spray adhesives ig iradecuzte due

el

SN TUHE SUREACE

Any linepradiating from: the apex iz an slement of <the
conical suriace and by definition a straight line.
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LI3T ANY OTHER AZROMODELLING ORCANIZATIONS

CUUTSIDE INTERESTS:
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WHEN AND HCW DID YQU START BUILDING ORNITHOPTERS?

WHAT HAS BEEN YOUR BEST PERFORMANCE/DURATION,OFFICIAL/UNCFFICIAL?

WHAT PARTICULAR TYPES OF CRNITHOPTER INTEREST 7CU M0OST? (2g. monoplane, Sipe, canard,
sngine-power, taillsss, ete.)
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WHAT DO YOU FEIL SHCOULD BE THE FUNCTICNS OF OMS? (check as nany as you like)
Provide information for club members
Provide information for othsr zmodelers
Sponsor contestis
Zncourage association among members
Act as liaison with modeling oress
Act as liaison with, and represent ornithopter builders ito, the official acdeling
organizaticns
O+ther:

BA3ED ON ZOUR ANSWERS TC THE PREVICUS QUIESTICN, ZCW WOULD YCU 4TI TIIZ IFFICTIVIESS
2F CMS? 5CCD TAIR PCOR

WIT?
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\Sn2Ck a3 many as you lixs... Shis places your name on Sne tallos;
PLZASE 3ZPARATE THIZ ZEIZIT AND ZIND T FRANKX YIZSEIR.  MANY THANXI IR OICTR OETLZ,




& NOTE ABOUT OUE LOGO AND CFFICIAL SELL

A% left is our official seal, whick will soon make
éppearance wherever OMS rears its Ugly head. The des
one J. Philo Dardersnatcn, wishes to make his artisti
regarding the content of this seal lmown %o us taroug
newsletter: "The central image is the now-fapiliar I
powered ornithcpter of Gustave Trouvé, whicn xzas long
the masthead of Flapoer Facts as “he 'epitome of appl
thinking' even thougk it is always printed there bass:
The Trouvé machine spreads its wings across a globe, :
ing the worldwide membership in C¥S, Rising from the
wings are a series of clipped lines, which are a grap}
resentation of the lively staccato of beating wings.
can be darn sure that the Trouvs flapper could easily
your gocks off."

from: Patrick J. Deshaye
2349 W. Newton, #103 _ —
Seattle, WA 98199

to:
£t [ box 24/
_Zﬁ_.véy/s;&, Mo 83075




