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Founding the OMS and serving as its first publications editor has been a great pleasure
and a wonderful source of pride for me. In the last few years I have watched our club grow
from a nucleus of perhaps a dozen enthusiasts busily exchanging letters to a chartered aero-
modeling organization comprising nearly eighty members worldwide. OMS now provides publi-

- cations to inform (Flapper Facts), instruct (OMS Design Manual) and to facilitate communi-

cation.(mailing list of members) among members. A whole library of reprint literiture is
made available to members through their intercooperation in the SASE COOP. There is always
a challerge for any member brave or creative enough to enter an OMS-sponsored contest. By
saving her from neglect, the OMS has truly saved the mechanical bird from extinction.

* This will be my last issue as your publications editor. Until a new full-time OMS pub-
lications editor volunteers, Roy and Shirley White will take on responsibility for at least
the Summer issue... this, I hope, will feature plans of the White's winning outdoor machine.
Please show Roy and Shirley as much courtesy and cooperation as you have me.

. Ry

IN THIS ISH .

OMS is honored by the membership of John S. White of England, recruited recently by Reg
Parham. The importance of insights to modern ornithopter modeling cannot be overestimated,
as he is the true father of the phased biplane ormithopter. For this reason, his Nov. 1955
Model Aircraft article is reprinted here in its entirety. White wishes his readers to be-
ware of 'fig. 2' which is erroneous: both upper wing conrods should connect to the inside
crank throw. Following this, please find Parham's Aeromodeller article from just after the
Erbach postal contest, in which he very correctly predicts a winning future for the White-
type bipe. Both of these articles were submitted by the indefatigable Warren Williams.

Les Garber has already been featured in the last two issues of FF, but what can I say?
The man has a positive genius for conceiving, building and flying the most original designs
around and getting amazing duration to boot. Leave it to Garber to use fuselage reaction
to his advantage while everyone else tries to escape it...

Also included are some old and outdated plans from Hewitt Phillips (1939) and me (Deshaye)
strictly for iaughs historical perspective.

Sad tncpaty
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— Ly et > I -Tllustration taken from RAE translation "Models
@’ Ak N with Flapping Wings" available thru SASE COOP
] .
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A SIMPLE TANDEM ORNITHOPTER

The enclosed sketches are for an extremely simple ornithopter
suitable for first attempts at flappers. To date I have built
two models of this design ( 1.8 gms and 0.9 gms). The heavy one
" consistantly does 3 to 4 minutes and the light one 4 to 5+
minutes under a 49 ft. ceiling. The inital climb out , VTO.

The mechanism that drives the rear wing consists of three parts:
1. The crankshaft. 2. Guide pin glued to top of post. 3. The
slotted pushrod which is glued to the rear wing. Technically
speaking, this mechanism is a Whitworth quick-return mechanism.
The slotted pushrod is a significant design improvement over my
previous mechanisms in which a solid pushrod traveled within a
slot in a guide slot frame.

The slotted pushrod is made from 4 pieces of .020 X .050 bamboo.
Glue the pushrod together with CA, drill .040 hole for brass
bushing, glue bushing in place with CA, sand carefully, and rub
graphite into slot. The crankshaft and pin are made of .020 MW,
the crankshaft must be bent carefully. Use small pieces of
teflon or brass tubing for spacers on the the crankshaft and pin.

The front wing is mounted to the motor stick via tissue tubes.
The wing posts must be made of bamboo (or spruce) or they will
snap under the flapping loads. The torque reaction on the motor
stick rotates the front wing in a direction counter to that of
the rear wing. Note that the front wing is slightly smaller than
the rear wing (18 "X 2" compared to 20" X 2.5").

Your model may or may not require a rudder. If it does, make 1t
about 2" high by 2" wide and mount it above the front wing.

The given wood sizes and construction methods will yield a light
model. If built carefully, I'm sure this model could be built to
«75 grams. A heavier version using a solid motor stick (or tube

rolled from .025 sheet) weighing 1.5 to 2 grams will still give
respectable flight times.

The flapping angle is determined by the ratio of the crankshaft
radius (0.40") and the distance from the crankshaft centerline to
the pin centerline (0.80"). For this design the flapping angle
is quite small (about 30 deg.) and the flapping rate is quite
high (about 200 flaps/min). The flapping rate can be slowed down
by increasing the radius of the crankshaft (say to .50") and
redesigning the pushrod, but this would require a rubber motor of
greater cross-section. .

I believe there is much room for experimentation and improvement

in this basic design. Still the present-design flies quite [
- nicely, is simple in design, and can be built quite lightly. -

Lester W. Garber 15 Feb. 86%
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thought . to the . design principles

volved,: developing
B .

b

", and, " second,
. =.which are cfficient propellers under
7 i power'and also capable of sustaining
". - the model in a glide when the motor
-¢ has run out. s
.. The. wings of an'.ornithopter are
its propeller, driven direct from the

:.-'_";_i,coupling is quite different from that
'L “of orthodox rubber driven- models.
." Power is transmitted from the motor

*. to the wings by means of a erank and °

.[-.connecting rods, the wings being
‘.t pivoted. to flap up and down. The
- .simple crank system used by Parnell
*:and others—Fig. t—is inefficient since

~<only-one half of the energy stored in
" the rubber is transmitted to the wings
_“and. the wasted power largcly pro-
.+ duces vibration. - . %! .

ey

. * Parnell Schownky, of the United States, is
;- one of e worid's lesding suthorities ou wae
onbodox models, ornif and

past
content succaries with soch models be recentd
: wom the Hitler belicopter trophy st the 193
American Natonals—Ed, psote. ° .

_model led me to give considmble'

.rubber motor, Thus the problem of -

The frst step in improving the
breed was to study the simple crank
system carefully. In the horizontal
position, going either up or down,
the wings are maving with their
greatest velocity and when the crank
is moving at the top or bottom point
of its revolution the wings have
practically no movement. It is at
these ** dead ”* points that the crank
tends to speed up, resulting in the
jerky action and cracking sound
characteristic of this type of design.

My first attempt to lessen vibration
was to cement two carcfully shaped
picees of solt rubber an the upper amd
lower faces of the noseblock so that
the crank rubbed against them at the
top and bottom of its circle. It

. certainly lessened the vibration, but

it- did not improve performance,
simply because it provided oanly a cave
of wasting energy by absorbing it by
friction. The next step was to con-

sider using two pairs of wings arranged
so that the *“dead ™ poi
pair of wings coincided
maximum

of the other pair.

ints of one
with the
or “ active * points

TEN

&

PR X’Tjié: ’."
RV
The outhor with one of his earlier omi-

thopter modeis which he flew at the
8ritish Nationals in 1954«
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w
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Devigning the crank system (or my
first multi-winged modcl was tricky—
Figs. 2 and 3—since flapping wings
are rather intangible thin%s. con-
futing to analyse visually. Thus my
first job was to pint the motions of
each” wing graphically. This was
done by drawing the crank at various
angles and measuring the correspond-
ing angles assumed by the wings.
Thus over a complete revolution it
was passible to piot the change in
angle of the wing with rotatonal
movement of the crank.

Calling the angular displacement
of the erank a and the angle assumed
by the wings 8. a geaph of the change
in angle of the wing through a
complete revolution follows very
much the same path as a sine curve—
Fig. 4, wing A. Apart [rom showing
the extent of the wing beat, such
a curve also shows the angular
velocity of the wing and the changing
gradient of its slope.

”Ilvylﬂﬁls

!
OOUBLE THAOW CRANK
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Adding a second’ wing pair one
; quarter of a revolution or go degrees
out of phase (wing B) mcans that
~the point of maximum velocity of

with the point of minimum velocity of
the second pair, and vice versa. In

.'_
= other words, one pair of wings is

a2 “dead ™ poine. - -
~< It.is abvious
pared wings would . overlap, so
jintending to mount one pair of wings
+=Tabove the other—Fig. j—the curves
1T, were qredrawn, - raising the mean
’{rou'tion. of one pair of wings and
o

' iavil Jowering that of the other pair so that

27" at the desired dihedral angle—Fig. 5.
SEURtRs A halfscale modified version of
3% Flap Happy was then built, boasting
% two pairs of wings opcrated by 2

Y

.the first pair of .wings coincides’

* active ”’ when the other pair reaches

that s:xch a rys:dn ;>f.

- ""g;"a}",dlcy would just meet, or nearly meet -

model had a spectacular performance
and was capable of rasisting damage
_jn a remarkable way. If it hit the
“wall instead of the ceiling on its
ge across the dining room it was
reckoned to be in poor trim. It was
a scaled up version of this model that
cstablished the current British out-
door omithopter record and made
- two consecutive flights of 1 min.
.55 see. and 1 min. 51 sec. at the
Northern Heights Gala in 1954.

The fact that the wing beat curves
approximate to sine waves can be
assumed to be in its favour. Sine
waves occur with uncanny frequency
in nature—in the fins of fisher, along
the wing of a manta ray when it is
propelling itsell through the water,

. and in countlcss other ways. [ [cie
that I could not go far wrong if I
copicd pature and so redisigned the

douhle-thxdw‘ cank.. Th

to enable the wings to

beat with a true simple harmonic
motion. -

In order to produce this motion
it is nccessary to satisfy two conditions.
The connecting rods must be the same
length as the distance between the
crank bearing and the wing bearing ;
and the conneeting rods must be
parallel to a line joining the crank
bearing and the wing bearing at all
positions of the crank.

The first condition is easily satis.
fied by making the connecting rods
the correct length and then adjustinig
the mean position of the wings by
otfsetting the little-end bearings—
Fig. 6. The sccond condition cannot
be satisfied, but a clase  approxima-
tion can be arrived at by pivoting all
the wings at the same point and mak-
ing the throw of the crank very small
in proportion to the length of the
connecting rods—Fig. 7. This re-

WiVG BEARING




MODEL AIRCRAFT

used is capable of transmitting

“Jenergy from the rubber motor to the .
3 ‘ # wing pairs at a uniform rate.. The.

.- wings beat with remarkable smooth-
. ness and ‘the crank, unwinds at a
“, regular rate without hesitation or
vibration. ..'. .ttt .
< Two pairs of wings, then, one pair
‘" g0 degrees out .of phase with the.
.- other pair, "and, both beating with
. simple harmonic motion solves the
problem of umiform power transfer.
.- The major disadvantage of the system
%> mounting one pair above the other is
. that only one half the total wing area
+73is presented on theglide. There is no
-+ reason why this should not be over-
come by mounting the pairs of wings
in tandcm as in the dragonfly. With
Wt.hc-.'mcan position’ of S0tk pairs of
,_.gwings_;. then arranged at about to
«=-degrees dihedral, full wing area and
}75 nplc. stability “is_provided for the

i'i,r .
) ion of the

Most wings at present in use consist of
3; lightweight tissue with a stiffened
f;_,_ladmg edge and rigid root member
'#.—Fig. 8. In order to understand its
§ ‘i 1action clearly, consider it as a blade
2% of a ‘propeiler which instead of
. {37 revolving continuously has an oscillat-
“oing motion. On the upward h-ut
- othe unsupported tcar  wtic- .

leadting ~te- © ~

" it el g
7 2 shape similar o the concave undere
. 53:{:3:0{ 'a.pmpfu.a—-a change in
iA A"hecd-onwev of J=°S. White's latese
~rog¥cornithopeer.  The plan is averleof.
Ml AT SN s e

ST and, it e e

On the upwé;a beat, the unsupported tissue behind the leading
edge is forced downward, ang,

. most dﬁdmt'.dcsign for the wings.

VERTICAL MENTU'MUL”NT- urT

TOTAL ORAG

AR OOWN LOAD

pitch being evident from root to tip.
At the end of the stroke when the wing
direction, air pressure billows
out the tissue in the opposite direc-
tion, changing the wing from a right-
handed propeller o a left-handed
one, and vice versa. The resultant
thrust is in a forward dircction, as one
_would expect from a propeller—Fig.
9. Any perpendicular component on
the up beat is canceiled out by an
equal and opposite component on the
down beat.
Lshed in taaournal in 1053 sof
in in 1953 sug-
gested that if we wanted 2 successful
model ornithopter we would have to
. start by forgetting about hird flight.
1 agree that the complicated action
of a bird's wing and the function
of its feathers would be difficult to
.- duplicate, but I would suggest that
a study of insect flight should not be
- neglected by those interested in the
* design of flapping wing models.
Contemporary model ornithopter
.wings arc most like those of the
dragonfly—Fig. 10. A dragonfly’s

wing muscles act dircctly on the
wings as on levers, resulting in a
simple up and down inovement.
The reversal of inclination is caused
by the pressure of air acting on the

wings, which are rigid in front and
flexible behind. This change in
inclination is not secen when a dragon-
fly's wing is vibrated in 2 vacuum.

In less primitive types of insects this
change in incidence is chiefly eflected
by muscular action, the same change
in inclination taking place when the
wing is cut down to a stump.

The usual inscct wing consists of 2
membrane stiifened by tubular struc-
tures, its (lexibility increasing gradu-
ally from leading cdge to trailing cdge.
Although this dcscription  follows
closely that of a model wing there
are differences and I would suggest
that improvements can be made by
duplicating as far as- powible the
characteristics of a dragonfly’s wing.
The possible improvemcnts over
existing model wings would appcar
to be == :

(i) There must be a gradual
change in flexibility across the width
of the model wing. The canc lcading
edge is not 20 necessary if the driving
mechanism is free from vibration and
halsa could probably be used. I
wonuld suegest that the wing should
have a thin symmnctrical section with
sullicient lateral flexibility to adopt
the shape of an efficient aerofoil
under power.

if it is fresh and taut,

adopts

a shape similar to the concave undersurface of a propeller- a

change in

7
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the air’pressure forces it to

$ _Jw note, for instance, that the rear
of the dragonfly beat just

5.before the forward®wings so that both
', wings meet undisturbed air. In other
« species of insects the trailing cdge
of the forward wings locks, by means
g _'i—.\of bristles, to the leading edge of the
47\ rear wings, presenting one complete
“area which solves the problem of the
‘¢’ rear wings beating in disturbed air.
t-’“ In- o:.hers the  forward wings beat

‘g":ax)' The' longxtudmal flexibility of -
S the wing must be such that uader
" a fly in forward flight. ‘The resultant

5 .-r:mpt ‘the”correct pitch’ relative to-
;k“?“"the of the’ wmg through the
{0588 air, s0 that with the lateral flexibility

first and the rear wings follow.
Fig. 11 shows the forces acting on

force from the wings passes through

_the centre of gravity, giving it a

helicopter-like stability. The high
angle of attack—something like 50
degrees—must be due to its relatively
low power : weight ratio—its flicht
muscles comprmng only about 11 per
cent. of its total weight.

Fig. 12 shows my cstimate of the
forces acting upon a model ornithop-
ter in flight. The apparently un-

balanced position of the thrust of

the wingsy is balanced by the negative
angle of the tailplanc. This is a
typical flying position, the tilplane
being almost horizontal. The re-
sultant force gencrated by the wings
has a vertical component yielding lift
and a horizontal component of thrust
to balance the drag.

My latest model, plans of which are
on this page, will be a test bed on
which to experiment with wvarious
types of wings. It should be readily

8

duphcucd in the form shown and,

in the hawmds of the average m«xlcilcr.
be capable of turning in flights of
over one minute. In expert hands—
who knows—a reenrd flight ?
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The overall result ia the jerky action and the
cracking sound ch istic of the simpl.
. model .

Fairy Vis a fine example of a biplane orni-
“thopter and owes much of its origins to the
- work of British modeller John S. White who.
- in the early 1950’s studied the shortcomings

More on Flappers by
* RegParham :

= e

ket

thopter - monoplane concept has changed

very little since it was evalved by Penaud ' ° of the simple (Japper and evolved a series of .

highly successful outdoor models. Multi.

over one handred vears ago. [ts mechanism
winged machines had been built previously

comprises ' 8 -crankshaft rotated by the- .
rubber, which in turn, operates the flapping  but the idea of two sets of superimpoecd

being able to climb, naose up, verticallv and
even hover. It is of interest that in nature.
birds and insects are known to clap wings
on the upstroke.

The resulta of the postal contest show the
honours between the monoplane and
biplane ornithopters to be eveniy divided. In
spite of a poesible weight disadvantage the
double ‘Napper’ is more efficient and should
g0 to the fore. Further contests for the much
neglected nenithopter will stimulate further
devel and use of new materials

wing ' spars .via' connecting rods. As the . - wings working in opposition and to-
wings flap, the covering material which is - gether at s predetermined dihedral angle
unsupported atits trailing edge. aseumesits ° was something new and theimprovement in
own natural:’section - and propels - the - perf: quite remarkable. John went a
machine forward in a similar mannerto the . stage further by arr for s double
action of the tail of a fish.. -ri v ~v1: = . i": crank system to operats one set of wings 90°
1 Whilst many sucessful examples of this. .- qut of phase with the other to more fully
"typa of ‘flapper’ have been built, it suffers: -] utilise the power of the motor and further
the dissdvantage of trying to shake itseif to .. . rednee vibration. -
pieces under. high torque conditions. The 1 have built several indoor ormithopters
reason for this is that only ane half of the °* based on John White's principies and, over
energy stored in the motor is ransmitted to. .~ ; the years, have demanstrated them to clubs,
operating the wings and the rest ias wasted < societies and st the ME Exhibition. The
" chiefly in producing vibration. The latter is .. . advantages of the biplane over the simple
caused;by: the speed: of rotation of the - ornmithopter are very apparent in that it is
crankshaft-slowing down every-time the | quiet and flies smoothly with little or no
‘wing flap reachesthe of its motion. In |’ vibrat There is definitely additional
“addition.itb.avercome the effect of gravity, i - thrust caused by the wings coming together
the down-stroke is lower than the up-stroke. .- which can be demonstrated by the model
A NN - e . . -

makin; the first 10 minute flight a reality
within-a year or two.

International Ornithopeter Postal
Contest Regulations
Event Definitinn: An nrnithoptse 1v @ freeiy Nving medel
sreralt which denves 1te bRt and propulsin (rvm Noppong
it wnge
= Flights mesv brmade indoors and launched wihin
two metres of the flore.
— The tntal seppnrting surface must Aot saceed |(etem
The ceppuriing rurface incivdes all surfares lnobiyin
Bt vv piich contrul,
Arvan ave meaaured he tracee arnynd serfaces
The sum of the srena of anv Axed suppesrting surfaces
must ant eaceed one-half the aren uf :Ne flapping
sarfaces.
= The mndel reust be p
rubder oniy
There in ne restiction on the weraht of the madel. or
on the weght of the rubbwy which 18 waed

b strands of
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IC-POWERED ORNITHOPTER POSTAL CONTEST UPDATE
The opening of the contest will be announced to the modeling press probably within the

year. Because there is no deadline there is no reason the public should be informed before
our own. The contesat trophy is still in the ceramic-shell investment stage, so general
announcement of the contest and rule will occur only after the trophy 1s ready.

Many thanks to Stan Chilton for donating 320 to the extra prize purse.

Among various comments provoked by the inside announcement was a power-transmission idea
from Bob Meuser:_ _

) Yould thoz-bo anything fllegal sbout putting a zubBer
V motor between t e IC-engine source and the flapping mechanism?

The rubber would ect ss a torque-leveling device. The pover
would still come from the IC engine. But the inatantaneous power
from the rubber will, at certsin parts of the cycle, exceed

the IC-Zngine power. The pet power still comes from the IC
engine, although a severe stretch of the imagination could

make such a thing a rubber-power model. -

Vatcha think?

""I think this is a great idea, so long as the engine is continuously airborne and running
during flight. Note that the:new address for entries is: OMS IC POSTAL, 6401 Wildflower SE,
Olympia, WA 98501,

OMS SASE COOP CONTD

. The library grows, slowly but surely. Add this to last month's list of available read-

ing material. Just send SASE w/ req. postage to the designated member for each reprint.
POST. TITLE DESCRIPTICH MEMBER
44¢ ....."Diophysical Aerodynamics" by Ward-Smith Chapt. 6 of book:
te . "Flapping Flight".......Lester Garber
L4e .... Aeromodeller Annual excerpt ..........."Flapping ¥ings in Nature
and Science" by Herzog...Robert C Warth
44¢ ,....Royal Alrcraft Est. Trans., excerpt ... "Models with Flapping
Wings" index, illus. .....Hewitt Phillips
88¢ ..... "Ornithopters: the Greek Comnnection"... Technical, ten pages on
. A note to new members: fuselage motion ..........Hewitt Phillips

Back issues of Flapper Facts and the design manual will continue to be available from
Roy while supply lasts. For an almost complete backlog, send a 9x12 SASE with $2 postag
to the return address on this newsletter. .
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