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INTRODUCTION

IN A YEAR when the Atlantic was conquered by helium balloon, when the Soviets refuelled
their space vehicle Salyut 6 and changed crews as though it was a bus station, and when the
American shuttle proved itself in free flight, one might expect parallel development in aero-
modelling. There have been a few.

The Sitar brothers and supporting Austrian team have now met the contest challenge
m_H._.a shown how their fantastic speed glider is genuinely efficient enough to beat the best of
the rest.

Duration records tumbled in the U.S.A. to Dick Weber. Almost sixteen hours
in the air is an achievement for all concerned—including the engine, the batteries and the
radio equipment.

We've seen the arrival of new British motors, both diesel and gloplug—hurrah! And
the diesel has come back strongly as a sports engine. As forecast, the Old Timer movement
has gained momentum and the vintage meets were very well supported this summer. Dads
and sons seem to take well to the notion of putting radio in a Junior 60 or a Southerner kit
model just for old times sake, and the real pleasure seekers have discovered that four stroke
engines fly the big models like Eros, Mercury and Vulcan in a way that reeks of nostalgia.
Now in the U.S.A. and to a lesser degree in the U.K.., the BIG model emerges with attendant
warnings from those who heed the restrictions of the law. When one flies a 25 1b model with
up to 110cc in front driving a 25 inch prop—its time to heed the regulations and equip oneself
with authornity to fly.

It’s also the year for big meetings and they don’t come any larger ihan that at Woodvale
where the Control Line and Scale Champs were combined with a great spectacle involving
funfairs, a custom car show and trade tent. The visitor may have been forgiven if he could
not find the models.

It was a drenched Woodvale. The heavens opened to flood the hangar, the main tent
and soaked the competitors. Unseasonally cold, it was enough to put off anyone used to warmer
climates. But modellers are tough enough to withstand such hardships and made the most of
it. Records were broken in Team Race by the incredibly fast Metkemeyer Brothers from Hol-
land and the stunt team from the U.S.A. proved to be invincible. They now have three world
champions and a runner-up in their 1978 line-up. Foam wings have “arrived™ for these experts
who have resisted the radio control construction for ages—even for veteran Bob Gieske’s
Nobler (though we noted he used the built-up and faded old model in the contest). Elsewhere,
Woodvale gave us a World Champs in Combat with British finalists, a German and French
victory in Speed, British wins in Scale and bitter disappointments.

Politics kept six nations away, and this spelled doom for the Control Line Scale event
which had to be cancelled for lack of support. On the other hand an internarional free flight
scale contest did materialise, albeit only between U.S.A. and U.K., but perhaps that is a start
for the future.

Small beginnings develop into long standing and important matters if they gain support
and we feel that, like the original Flying Aces magazine, and the “Wakefield” Trophy, each
of which were launched so years ago, there is a future for free flight scale.

The Woodvale Championships were oversize in all directions. To cover the costs of setting
up for scale and control line, the gates were opened to remunerative ventures. Spectators could
see a 2z0om.p.h. pulse jet or a 20ft. span 150lb. Lancaster perform. The manufacturers put
on display sessions and clubs made special models including Liverpool’s big Boeing 747.

Consequently the organisation was stressed: but never more so than at a final dinner
when over 1200 filled the Adelphi Hotel in chaos for a most untypical British finale. But only
those who've tried to cope with this sort of situation have any grounds for comment.

Being in that position of a past organiser, we could see the problems clearly. They
concern international modelling as a whole and have been the subject of long discussion in
the F.A.1L. Tt costs sc much to organise any world championships that unless the fees are raised
to share the burden, the organiser has to use enterprisc—or obtain government support—
to avoid financial disaster. The North West Areca of the S.M.A.E. used their enterprise and
we’re pleased to say they are still solvent! Good luck to them and all modellers everywhere.

COVER .

i owers this big 693 oz. “"Atlantis”” stunter by Marcos Beschizza of High Wyco 2
M.‘.q___u_.“wmw “Mﬂumwwnﬂﬁ the 800 sq. in. wing is a constant source of admiration. Moreover, .._.._;ﬁt.sﬁw wn.n_._-.ﬁ
of Aero Gloss went into the surface to produce the super finish on a super model seen at the ‘78 Nats

Author with Tadpole Mk 1-—the ultra simple R/C glider. Photo: Kevin Flynn.

SPORT MODELLING

from the maestro of creative designers Jack W. Headley

WHEN THE Editor asked me to contribute a few words on sport flying, 1
had to think for some time before deciding just what to say. Ordinarily
sport flying is something that’s done, rather than being written about,
like eating fish and chips. (Well actually I once did read an article in one
of the glossier Sunday supplements about this, eating f. and c. that is.)

It was one of those reverse snobby things they put in occasionally,
like wearing cloth caps. The real point of the piece was a discussion of
the largest fish and chip emporium in the world, “Up North’’ somewhere.
(This doesn’t really count.)

Anyway I decided, after the aforementioned thinks, to begin by first
writing a few words about what sport modelling and sport flying isn’t, if
uﬁ: follow me. Maybe then it will become clearer what sport flying is all
about.

One of the best things sport flying isn’t is contest flying. Being a
truly dedicated sport flyer automatically makes you a non-contest
modeller—if you neglect the sport model contests that pop up now and
again. (Sorry, Col. Bowden.)

The beauty of being a non-contest flyer is that it relieves you of
having to be seen with all the latest contest type clobber.

You haven’t to worry about what the latest design in circle tow



hooks might be for next season, or having to explain to the Post Office

that you need a money order for 47,368 Transylvanian Drachmas, in -—-)UB—lmlx
order to purchase that “Glogg™ 3.5cc - which is made .Gu_w - A SINGLE CHANNEL GLIDER/POWER MODEL
Moravia by an independent Workers’ cooperative of acromodellists. Or 1/16in, SHEET SIDES

how to put your new timer, which cost you slightly more than the car \ ADRME ACTURTCS FIN AND RUDDER
you drive to the flying field in, and operates the auto-rudder, auto- 7 G 1 3/32in. SHEET

elevator, engine stopper, dethermaliser, and Lord knows what else, into a r b - {LE ) /
fuselage that no longer has any cross-section left. Or ... or.... I could go , S————— ———
on for ever, taking the Michael, the list is endless, and the target so big. BLOCK  \ of SEET  co 3/16in. x V/Bin. SPRUCE SEW RUDDER
I’ll just do one more as it’s the best. As a non-contest flyer you are saved BALSA 1O FIN
the dubious pleasure of driving through the wee hours of the morning, to
just past the back of beyond, where civilisation as we know it today permits . ﬁ
us to play with our toys, so that you can spend the few remaining hours —
of the day nor flying. I believe the technical term for this is “tactical 1/16in. PLY : | EE——
flying”’, and it seems to be the essence of current contest flying, to see who JORED: TYPICAL WING SECTION
can actually nor fly the longest. ~H ——
Somehow the pleasures of all this sort of thing escape me, possibly " ~d!
it’s akin to banging one’s head against the wall, it’s great when it’s all over. | S
The next thing sport modelling isn’t is true scale modelling. Oh A g M

3/32in. SHEET TAILPLANE

|||||| = = —
—

what a grim subject this is. All those worrisome details—research ad S P ]
nauseam. Years of trouble finding out the correct colours for World War | b e d [ 1/32in. SHEET TOP AND BOTTOM
pilots’ socks, and the actual amount of simulated dirt to put on to represent s N
the conditions four days after D Day, at a location slightly south of e &

Stalingrad. Building and finishing the true scale model is however only _ - AR
the beginning. T _ : :
EDGE 3/Tin.q. )

Once safely arrived at the flying field your pride and joy is picked
to pieces mercilessly by innumerable “‘experts’’, who appear, magnetically,
at the unveiling of any new model. Their apparently endless knowledge s J _
would have been invaluable during the design phase of the model, but | | g
somechow these characters are never around at this time. Slightly worse : . .
than the critical remarks of one’s peers is the flying of the true scale model. q
Usually overweight and under-powered, the flying phase of the operation . L
is fraught with anxiety. Will it take off, if it does will it fly, and then ! .
will it land ? No wonder most scale modellers are grey haired. (Sorry Eric.) ALL RIBS __ )

The last item to discuss that sport modelling isn’t is superior radio Y/R2in. SHEET . |
control, or money modelling. Here the object of the game is automation,
and the major skill involved is the opening of the wallet. Only complete _
mechanisation of the model is good enough. Everything is controlled . e ‘ I\\\\.\\.\
remotely. The fuel tank is filled by an electric pump. The motor is started A | i . 5 :
by an electric starter. The model is then flown using an N-channel pre- : .
programmable radio box which, if it only had a remote TV monitor | DIHEDRAL NOT TO SCALE
attached, would save the owner the annoyance of even going out to the
flying field, and having to mix with the proles.

I think that’s about it for now, except a small comment that sport _ TRAILING EDGE
flying isn’t indoor flying either, as there are better indoor sports than IR,
winding up two-pennyworth of elastic. It’s time to get back to our main | 3
topic and now discuss what sport flying is. i

It’s pleasure, that’s what it is, spelt F U N. This is something thar OOk WING 11 SCALE 0 1| 2 3 4 5 6
seems to be lacking in most of the previously discussed endeavours. Now pacris it —"——

TYPICAL POD SECTION

rl""l"""-".“J

B

POWER MODEL FUSELAGE

FOR PULSE RADIO




rather than going on for the rest of this article saying it’s fun, it’s fun,
it’s fun, let’s have a look at where this fun comes from.

What we’ll actually do now is take a look at some of the sport
models that I’ve concocted (they weren’t seriously designed) which have
given me lots of enjoyment over the past few years, and maybe some of
this pleasure will be passed on to you.

Note that all the models are radio controlled. I think that the
introduction of simple radio control (you just simply stick it in the model),
is one of the greatest benefits of all to the sport flyer. The time spent at
the flying field is now mainly used for flying, rather than for chasing, or
climbing trees which is certainly not what my models are intended for.

There are five plans shown here, all of models which are easily
built, and easier to fly. If there’s a preponderance of gliders it’s because
I like gliders, and also that my home is on top of the local hill. It’s not
my intention to discuss the constructional aspects of all these models in
detail, rather I'd like to comment on each one, explain a little how it came
to be, and things like that. Let’s start off with the simplest one, the Tadpole
X.

Tadpole X

This is one of my favourite models, probably because it fits the
formula that any model that can’t be built in a fortnight isn’t worth build-
ing (it’s my formula). Several versions of the basic design shown in our
sketch have been built, models with Vee tails, electric powered, with
smaller wings, Jedelsky wings, and even a twice-sized version, which
didn’t look too good. The original is still in my attic, and flies occasionally
when I can spare the radio for it. Like all single-channel models it suffers
from the dreaded lack of penetration, which makes it limited for heavy
slope soaring. However, this is a good feature, as it stops one flving the
model when the wind is stronger than the structure.

Construction of this model begins in the model shop, with some
time spent on wood selection. This type of “sparless’ construction for the
wing means that good wood must be selected for the leading and trailing
edges, so take time selecting these pieces. Similarly the tail boom, which
in addition to holding up the back end has to be rigid enough to be un-

Power Pod fitted to the Ezem-
Il makes it even easier for lone
handed operation or whare

towline is awkward.

Liza Headley with her proto-

type Ezee-Ill, a first modal, spe-

cially designed for easy balsa
cutting and assembly.

responsive to the pulsed rudder frequency. One of my early models had
the tail boom arranged wrongly, with the major axis vertical and would
occasionally go into a wonderful resonance. Luckily it was self-damping.
For an ultra-light model, cover the wings with tissue, but a Solarfilm
finish is so much more durable, for a small weight penalty.

The model as drawn is mainly for slope soaring, and this, as I said
before, because I happen to live on a hill that has several good slopes
within easy driving distance. However, if you're a flat earth person, then a
simple tow hook epoxied to the fuselage should turn the model into a
thermal soarer. Likewise a powered version can be made by leaving off
the nose block, and substituting a Cox Pee Wee. The possibilities are many.
An even more durable configuration can be made by covering the wings
top and bottom with ;" sheet, plus a simple full depth spar.

Ezee II

Ezee II was designed for my daughter to build. She hadn’t buil:
a model aeroplane before, but knew something about them, after tripping
over models around the house in various stages of completion or decay
for most of her life. A construction technique was evolved to take any hard
work out of the model, and simplify some of the tasks the experienced
builder takes for granted. Firstly everything was made from balsa, no ply-
wood being included. Then all the wing ribs were straight lined, so that
they could be cut easilv with a knife. The actual aerofoil resulted from
these triangular ribs and a few strategically spaced spars on the top of the
wing. Another item was not to introduce any bends in the strips.



1 he resulting design looked rather angular, but was easy for small
hands to build. Again this was basically a slope soarer, with two channels
this time, as I think it’s easier to learn to fly radio with two channels. For
conversion to power a small plywood tongue wedged between the centre-
section ribs permits a power pod to be attached if the winds fail. A
typical engine and pod are shown in the photograph on p. 8. This makes
a good beginners’ model, it’s reasonably slow, so that longish reaction
times can be allowed in the learning process. Dressing up the model with a
pilot and a bright finish will disguise some of the angularity of the basic
model.

Sportbipe

Now for a power model. I’ve built biplanes off and on for numerous
years, and have always been attracted to this configuration. This is possibly
because my first aeroplane ride was in a biplane, a de H. Dominie, from
R.A.F. station Church Fenton. It was also my last biplane ride. As you
can see, this isn’t a scale model of a Dominie, but a much more racy
design. It’s quite a small model, 24in. span, and needs a small radio,
because of the restricted space in the fuselage. The original was fitted with
a Cannon two-channel set, but I have heard of successful flights using a
rudder-only radio.

One of the problems I have with biplane designs is getting the
proportions satisfactory. I usually end up with the wings too big, so my
latest technique is now always to build the wing this way, but not to
install the wing tips. The wing span is then decided after the uncovered
model is assembled. The wings get cropped bay by bay until a satisfactorily
balanced shape appears. At this stage the wing tips are attached. I found
this to be a much easier way of getting the proportions right than spending
time on endless amounts of sketches. Again the power plant is the
ubiquitous Cox '049. The only problem I've had with this engine is its
annoying habit of sucking up debris into its air inlet, so that the engine
has to be removed from the model for a clean-up job too often.

The Viper

Another power model, this time for three channels, for people with
three thumbs. This is a somewhat bigger model, and was designed for
rudder, elevator, and engine control. It’s a scale model of a non-existent
fighter, typical of something the French would have designed in the 1930’s.

Sportbipe—a Tin

model only 24 w.-_-__.

wingspan., for the

light-weight R/C
sets.
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The beauty of making a scale model of a non-aeroplane is that the
scale “‘experts” mentioned previously are baffled. Any sort of finish is
acceptable, and cannot be challenged!

Model design is relatively simple, the fuselage is a box with formers
top and bottom to produce the octagonal shape. The wing plan-form
looks complicated, but it really isn’t. Apart from the root rib the wing has a
straight taper. Adequate dihedral is provided in the wings for a scale
appearance, and the fixed wheels and spats also contribute here. Engine
size is -09 to -15. The prototype had an OS Max ‘10, which was adequate.
There’s no reason however, not to have a large engine for a sport model,
after all some sports are more exciting than others, e.g. hang gliding and

- bowls. So why shouldn’t some models be more exciting than others. After

all sport models should not be restricted to replicas of Piper Cubs.

The Pfalz Alarm

Back to the gliders for the last design. This model was built to have
something different on my local slope. At the time the sky was full of
Cirruses (or Cirri) and the like, all aspect ratio and slinkiness, so the
challenge was to make something equally good at flying and equally oppo-
site in appearance, Pfalz Alarm was the answer.

The main design for a slope soarer in my neck of the woods is a
low wing loading. The local wind is a mild sea breeze, that appears in the
early afternoon and disappears around sunset. Conditions are best in the
spring, which is when I do most of my gliding. From experience, wing
loadings in the 8 0z./sq. ft. seem to be ideal.

The P.A. was designed for this sort of weight, and proved to be
definitely a good flier, and definitely an ugly model. One problem I had
with the original was a built-in warp in the right wing, which had to be
steamed out for every flying session. A sheeted leading edge should cure
this, and the added weight should be no problem in windier climes. My
prototype was finished in transparent red! (what else?). I did consider
once a powered version of the P.A., with twin pusher -049’s behind the
wing, but other projects got in the way, and it was never completed.

So much for the plans. What else is there that makes a good sport
model. How about a simple scale model, with the emphasis on simple.

One of the recent trends in home-built aeroplanes (full size), is the
“large model” concept. These are designs which look like scaled up
models, and are usually very elementary structures. A couple of examples

Jack must have been inspired by the Dewoitine 500/510 when he created this attractive low-wing variation
for three channels.
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of this latter design, which is shown in one of the illustrations. One
advantage of building this model was, at the time, the full-sized version
still hadn’t flown. This solved the perennial problem of an authentic
finish on my model! We’re not always so lucky.

So much for the designs of the past. What of the future? Luckily
with sport models the past can be the future. Old designs are just as
pleasurable to fly (thanks to the miracle of R/C) as you think they were back
then. There is no latest sport model, and no worrisome evolution. Of
course improvements are always being made. We have better materials,
glues, motors, and even more magazines. So the future looks good, and 1
don’t see why it shouldn’t continue to be so.

My final word. The main point I've tried to make in this rather
rambling discourse is that sport flying equals fun flying. It really can’t
be written about, or down, it just is. So go and do it!

Pfalz Alarm in transparent rad film covering to reveal its simple, stark construction, makes a change on
the slope soaring site. Below is Jack’s version of the Livesey DL5 home built suggestion made long before
any full size has flown!




PFALZ-ALARM

A SLOPE SOARER FOR 2 CHANNEL RADIO
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GREAT SPECKLED BIRD

by George Perryman
(From ““Model Builder’’ and M.A.N.)

CURVED TIPS, polyhedral, long functional styling and a Vee tail signature
are the hallmarks of Perryman, the legendary exponent of open rubber
modél designs. A key to the characteristic designs comes in the use of
multiple spars, curved under tension, and the many laminated edges. All
of which adds up to warp-free construction and excellent performance
record. George told these stories of the background to just two of his best
known “biggies” in Model Airplane News and Model Builder, and like our
friends in N.F.F.S. who chose to make each a “model of the year”—
we’d like our readers to share the Perryman magic—over to George. ..

UNLIMITED RUBBER MODEL OF THE YEAR 1978

The Greatr Speckled Bird, with its gull wing, isn’t exactly a new
idea, since seagulls have flown pretty well with this configuration for
several hundred million years. In the contest region where I fly, Unlimited
(now Mulvihill) rubber was flown with Category II rules, with as many
3-min. flights as one could make, determining the winner. This method
was followed at the Nats. until recent years, when after making 3 each
3-min. flights, progressive 1-min. increments were added: 4 min., § min.,
etc. With this increased flight time, design philosophy had to change.
Now, instead of making a durable and reasonably good model, it put a
premium on lighter, large (300sq. in.) wing ships. Large, light ships fly
better and remain in sight longer, so this seems the way to go.

Some designers follow the old saying of a little bit is good, so
naturally a whole heap is better, when deciding how much rubber to use.
I have tried both extremes, between too much rubber, and not quite
enough. About 20 years ago I had a big 300sq.in. job named the
Kluge, which turned out to be aptly named. The fuselage was a full 7 feet
long, and carried 24 strands of 1" rubber, 64 inches long, which weighed
over 8 0z. The one advantage I found with this great chunk of rubber was
that I never broke a motor. My winding arm gave out long before the
rubber expired. If I could have got A.M.A. to let me use King Kong
as proxy winder for me, I might have won the Mulvihill Trophy long ago.

On the other extreme, I built a lightweight 300sq. in. ship, Practic-
ally Nothing, with sliced, hollow j; ribs, condenser paper covering, and
an all-up weight of 24 0z., including rubber. The prop would run about
7min. and this looked like the way to go for calm air contests. There
always seems to be a hooker in all our best laid plans. How do you D.T.
one of those things down? Until a few years ago, A.M.A. rules only
permitted one model, and when you lost your gum band ship, the contest
was over for you, so this effort was not successful either.

Frank Zaic included both these models in his Yearbooks, since he
was probably hard up for material at the time.

I have tried many design approaches during the past 40 years, and
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and available rubber, there may not be such a thing as “optimum?. The
long, skinny, light model is probably best in light wind flying conditions,
but in windy weather flying, with perhaps rain (and dust devils), a more
durable ship is required. A case in point is my old 1940 Lanzo stick which
I’ve flown for the past two contest seasons, as old-timer rubber and in
Unlimited events. Some models are just “luckier” than others, this I
believe. The Lanzo won 14 straight contests, 8 in O.T. and 6 in Un-
limited. This was against some pretty tough competition, including Jim
Jewis, and any of you who have flown against Jim, know what I’ve been
up against. Jim is an amazing flyer, and when you beat him, you’ve usually
won the contest. I feel as though he’s one of my sons, but we would
rather beat each other than anyone else. A shorter fuselage model, with
firmer wood all over, is certainly easier to keep intact in rough weather,
and bad retrieval terrain. Anyway, I’d rather have a clunker in a thermal
than the “optimum” ship in a downer.

After all this rambling, I will say a few words about Great Speckled
Bird. In 1976 I built two of them; one for average contest days we have
around here, with maybe some wind and rain, and one a bit lighter for
fly-off flights, since it would fly longer in so-called “dead air”’. I took both
models to the 1976 Springfield Nats. to try once again to win the Mulvihill
Trophy, which had eluded me for 35 years. Jim Lewis and I were going
to fly alternately, so we might help each other chase if things got bad.

You remember me saying how some models are luckier than others?
On my first official, using the calm-air ship, it promptly maxed, but went
into the great beyond. A giant cornfield swallowed it up, and it was never
to be heard from again (bet the corn picker had some interesting shades
of tissue hanging from the inside gears). Jim’s model landed near mine
in corn too, but we found it this flight. We were flying Cat. II rules and
my No. 2 “G.S.B.” made its 3 each 3-min. flights easily, despite wind
increasing. It made the 4- and 5-min. flights, and while flying for the 6-
min. max., a “sinking feeling”” hit me. A “sinking feeling” hit “G.S.B.”
also, since I launched into a giant downer. Neither Jim Lewis nor I could
believe it was sinking so fast. We thought at first it had dethermalised,
and 2-39 later, it was sitting on the ground like an old mother hen on her
nest.

I had told Jim years before that a 6-min. ship would not make 24
minutes in a downer and now he was a believer. In fact, the air was coming
down so fast, it pushed a Dempster Dumpster straight down 3 ft. deep
into the dirt. You may not choose to believe the last sentence, as I may
exaggerate occasionally.

Jim went on in his usual fine style to win his second Mulvihill
victory and set a new National Record to boot. He had to resort to using
his old Little Daddy design of mine which he flew to the 1974 Mulvihill
win, since his new long job fell again in the cornfield to join my No. 1
“G.S8.B.”, and was lost forever. At least two Southern models stayed
together and wouldn’t get so lonesome with all those Yankee models
ensconced in the same cornfield.

Mike Bailey, another flying buddy from Smyrna, Georgia, and
1969 Mulvihill winner, flew his gull wing Gully Washer to second place
just behind Jim. I was disappointed that the Mulvihill had slipped away
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Irom me again, but was tickled pink that the Georgia boys did great.

The day after the Mulvihill episode, the Canadian boys from
Toronto sponsored the unlimited rubber event for the Canadian Cup. This
event was run the way contests were run back in the ’20’s and ’30’s, with
a single flight, and the timer chasing the model by auto, motor-cycle,
camel, covered wagon, etc. The timers back then were hardy souls.

Those of us who still had a model that wasn’t in the corn, gave it
a try. We all flew just after dawn, within a §-min. period, into a breezy
drizzle. Kathy (Monts) Learoyd was my timer, and with Rod Schneider,
my 18-year-old flying buddy, helping me, we set off cross-country by auto,
just after launch. Great Speckled Bird won with 6-02, with Jim Lewis
only 12sec. behind, flying his Little Daddy. Jim would have won easily,
but had bad luck of landing in the top of an 8o ft. tree, and the only one
WM M.Hmo-unum field. Mike Bailey with his Gully Washer made 4th, not far

ind.

At the 1977 Riverside Nats. the weather was great, and I set about
to once again try to win the Mulvihill Trophy. I had only been trying
for 36 years, so fully expected to be bridesmaid again, since this had been
my fortune many times before. Lady Luck smile on me, finally, and with
help from my friends, won this elusive prize with a 34:22. Bud Romak
was barely a minute shorter, with Jim Quinn, Bob White, and Andy
Faykun close behind. I was very thrilled until that night at the old Timers’
banquet, when John Pond and Carl Hatrak ‘““framed-up’” on me and
announced that they had planned to present the Mulvihill Trophy to me,
but A.M.A. had decided to retire it. After my having a couple of ““fits”,
they went ahead and gave it to me (I’m giving them both a gift certificate
for a 20-year stay on Devil’s Island). At the 1977 King Orange Internats.,
“G.S.B.” barely beat Jim Lewis and Phil Hartman, among others, in
unlimited on a foggy, misty morning. “G.S.B.” landed in a tree at §-31,
with Jim only 7 sec. down and Phil 7 sec. below Jim. After watching a
couple of models, that flew just ahead of me, climb nearly out of sight
in the fog, I decided to wind only about 75%, max. turns and this proved
to be barely enough.

I felt honoured indeed that the N.F.F.S. selected “G.S.B.” as
Model of the Year for 1978 in the Mulvihill rubber category, even though
the design hasn’t been around but a couple of years.

Mulvihill rubber models require a bit more care in handling and
flying than any other outdoor type, due to their relatively fragile nature
and size. With caution and luck they will outfly most any F/F type,
however.

Since “G.S.B.” is intended to be a competition model, and not
designed for a beginner, I won’t go into how to glue stick A to B; most
experienced fliers can build as well as me, anyway. I will give the method
I have used for 32 years to make prop blades. I’ve tried many different
kinds of props over the years; some have done O.K., some not so good.

Use the plan to mark for cutting full-size blades from 3" sheet
balsa. Sand airfoil shape just like a H.L..G. wing. Hold under hot water
tap for a couple of minutes. Hold blade over electric stove ring, set on
medium heat, and twist prop about 15° from root to tip until it feels dry.
Let blade finish drying overnight at normal room temperature. Sand a bit,
and give it a couple of coats of thin dope, then cover with Japanese tissue.
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Dope tissue 4 or § thin coats. This method is easy, and you can get both
blades exactly alike in airfoil, shape and twist. I haven’t carved a prop

in so long that I doubt if I could, since using this easy method. . s g 1 5 : mmmnu
One word on construction of “G.S.B.”, is to choose your wood . iig iy ; w m i . |5sEoe
carefully, since with ““all them sticks” it is easy to end up with a model & : LT AR m P £ /A : X |QF ke
heavier than need be. The glide won’t suffer much, but climb will be | {1 . i)z 2 / 1 s [0f:z;
reduced. Weights shown on plans were made after two contest seasons i e ; " WY/ 27 - w223
of flying, and “G.S.B.” was a bit lighter when first built (models and = L_:L. i _ M i ﬁ ! ._m Casis
modellers both seem to pick up a little weight with time). If your “G.S.B.” 5 o] E = ] f f o L8
should end up heavier, it should still do O.K., maybe better, by adding a . - / g == | @} i
couple more strands of rubber than shown on plans. ._ ! —
Building is important, but flving is what makes or breaks a model. - | - _ v
Balance at wing T .E., complete with motor, before gluing in wing dowels. | g\
po \g

Hand glide over grass and if model stalls, cut a bit off top of fuselage
under the stab. T.E. If it has a nose-down attitude, shim under stab. T.E.
Adjust rudder for gentle right turn in glide. Wind exactly 35 winder turns
for the first flight. I’m superstitious and 35 is a lucky number, “G.S.B.”
should nose up slightly and into a right turn on this many. If it tries to
stall in the climb, add a bit of downthrust. I build in about 1° down and
3° right thrust in the nose block, and this is usually pretty close. Increase
winder turns when climb and glide looks O.K. I increase winder turns to
65, and if all looks well, 100, 150, and 200. I have never flown “G.S.B.”
on more than 9oo prop turns, which is 859, of max. Have never flown
full power in so-called “dead air”, so don’t know exactly what it will do,
maybe 8 or 9 minutes. I remember many times laying on the crank and
laying little pieces of rubber and tissue-covered sticks all over the land-
scape. Since I don’t use a winding tube, I can’t get “rank with crank”
as “G.S.B.” with a blown motor would be about like the Hindenburg at
Lakehurst.

Have had good luck with F.A.1. Supplies rubber, as it is durable,
relatively inexpensive and, best of all, available.

Rubber power is rapidly gaining in popularity, so why not give one
atry? You can get more hours flying per dollar than most any type. Would
be glad to hear from you if good fortune is yours with the Greatr Speckled .
Bird.

There 1s a sequel to the story. “ G.8.B." is no more—a victim of its own fuse. When she dethermalised

through trees in a fly-off at the 1978 Mulvihill, she landed tn a ditch and suffered the ignomy
of setting herself alight. By the time George located the remains, only the nose section and the
prop could be salvaged. Moreover—George lost his title but with full honours to Joe Kubina's “ Stra-
tomax” (Heeb design). Joe (Detroit Balsa Bugs Club) celebrated his eighteenth birthday on the
next day.

UNLIMITED RUBBER MODEL OF THE YEAR 1975
George Perryman’s LITTLE DADDY

This is a typical Perryman model; distinctive appearance combined
with good flyability. A two-time Mulvihill winner is a rare bird indeed.
Jim Lewis built this model as his very first rubber model and proceeded
to win everything he entered, including the 1974 Nationals. Mike Bailey
won the Mulvihill with his Liztle Daddy in 1969. With this award we
salute a man who has put forth perhaps more effort towards a single goal
than anyone flying rubber models today, who is a fine “Southern Gentle-
man’”’, and a true credit to free flight. George says about Little Daddy:
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I’'m indeed honoured to have Little Daddy selected as Unlimited 3

Rubber Model of the Year. ’
. nﬂmmnwn M_HM Hmﬁm Owwm.mmc Nationals, I’ve had fond hopes of being a m.—o ooc-um U —l——<mm

proud winner of the Mulvihill Trophy. Fate, so far, hasn’t caused me a

e 120, -
friendly smile to win this most historic relic. Since my Mamma didn’t et i e
raise any kids who aren’t hard headed, I’ll keep giving it a swing. El_
It is a bit ironic that Mike Bailey, only 15 vears old, flew Lirtle
Daddy to a Mulvihill win in 1969. This was his first attempt for this
prestigious honour, and he made an even 33 minutes on a rainy day which
was perfect for rubber. Another newcomer to competition in rubber
models, Jim Lewis, the Georgia “Flash”, showed us all how when he and
Little Daddy again won the Mulvihill at Lake Charles in 1974. Little Daddy - 12—
was the first contest type rubber model that Jim ever built. He has been
a fine builder and flier of free flight for many years, but we were astounded P CATLO MARTEGANY
when he won the first time out. He has won several other meets using OF AERO CLUB VARESE
Little Daddy and it’s a great thrill to me to beat him occasionally. He
barely edged the old master, Bob Dunham, for his Mulvihill win. Little
Daddy was designed in late 1969, and started off winning. My number e i i
I son, Steve, set a Senior National Rccord, and I won Open in its first S
contest.
It was flown along with another spare model, Big Mama, in the e e s
world postal meet where it made 24 straight 3-minute maxes in one day, o
for a total of one hour and 12 minutes. I won’t ever try such exertion i o u
again since it nearly put me in bed. s iy R o r
Some models are just luckier than others. My original Little Daddy - a 270
is now 8 years old and I still fly the wing and stab. from it. So, it’s both right climb -
lucky and rugged. Unlimited rubber ships have inherently the weakest left glide -
structure of any free flight type and special handling is necessary. To -
design a light, yet strong structure is a real challenge. Since it has many *
curves, I’ve been commented to many times about having crooked wood
or a lopsided bench to build Lirtle Daddy. The fuselage is shaped so that e
it adds a bit of lift while getting the wing up for pylon effect. There is i\ = _,.,._ _u\ ) a
also an advantage in the large profile since it stays in sight longer than a LA F.\E 3« dbalea 2%300l0  STAB SECTION SCALE 1:2
skinny fuselage on windy days. _ ’ 270
Thewing has 10” sweepback and the polyhedral stab. has 15° sweep- wbs i
back. After trying wings with 5” and 15, 10 seems about the best. The | 2x3 _ alyminium tbes 2 and 3mm dic.
pointed wing tips, stab. and prop tips are attempts to reduce vortex at ooz i Scluiotiakaas
the tips. I wont make any great claims for their effectiveness but it probably g .k ﬂ/
does no harm. -\ i aa 2x 10
Propellers are a problem for many. Lacking a machine shop, I use a i WINGIECTIONS
commercially available ready-made aluminium hub. The blades are sanded SCAIE 12
to shape from }” medium weight balsa sheet and twisted to get proper
pitch. I soak the blade in warm water for a couple of minutes and twist it
by hand over a stove ring. The resulting prop seems to work out O.K.
Little Daddy is a forgiving model, but it will loop if not launched
with a little right bank. Being left handed, I occasionally have trouble
doing this properly. In closing, may I add a bit of caution while winding
16 strands of }” Pirelli. Don’t get too rank while turning the crank.
Full-sized plans for Little Daddy are available from N.F.F.S. Plans
and Publications, courtesy of Model Airplane News and Great Speckled
Bird from Model Builder.
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by Martyn Pressnell

oha AEROMODELLING TECHNOLOGY subdivides into essentially four separate
_ areas of application:
e — 4 ) - aerodynamic design,
[ e 5 i structural design and construction,

o L

propulsion, and
flying.

Propulsion technology is usually bought by the aeromodeller in
the form of engines, propellers and fuel, although in the more specialised
fields of competition modelling, these items are frequently made or
modified from commercial parts.

Each area of technology has its own technical problems, favoured
solutions, rules of thumb for good practice, current styles or fashions, as
STABILISER SECTIONS favoured by their various practitioners and experts. The separate areas
SCALE 1:2 mentioned are not exclusive—there are many cross-influences, but they
serve to provide a framework for the organisation of the subject.

Model structural technology and construction are closely-related
areas of interest—the constructor of a kit model has bought the structural
technology as represented by the plans and instructions and preformed
components, but he will be faced with some, if not all, of the construction.
y— oL WAL Bttt . .._..:nmn. two areas must be ::wnﬂ together, however, because it is
: SCALE 1.2 Impractical to consider structural design without taking account of the

; means of construction.
ﬁ Thus this article is part technical and part practical.
- 219

[ TE—

552 r=r -

opalsa 4 x 4 of tip _\mm oealsa

ROOT

: = Strength Requirements .
Wi — » Unlike full-size aircraft, model aircraft do not have any written
> 28 alrworthiness requirements or strength criteria which must be met. None-
\ theless there are implicit requirements to which satisfactory models con-
S L form. As a novice modeller I built and flew several sport power models,

the fuselages of which were of open balsa framework construction covered
MODELARZ POLAMND



plane with a very thin
cambaeared aarofoil.
Carbon fibre bonded to
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in doped tissue—may I mention Hermes and Bandit. They were prone to
fracture just behind the wing or just ahead of the tail unit in heavy landings.
The damage was too frequent to be tolerated and I soon learned to
reinforce these areas, and the problem was eliminated.

In a high-performance competition model, this type of develop-
ment has been taken to the “nth” degree. The selection of wood for its
intended purpose, careful detail design of each component, reinforcement
as necessary, crash-proof design, intentional fracture points, are some of
the techniques in evidence. An excessively strong model, however, will
inevitably be too heavy, with the result that impact loads are higher and
flying performance suffers. Thus the criteria must be met, but not
exceeded by more than a small margin. This requires fine judgement

which is subjective—acceptable damage to one modeller is unacceptable
to the next.

Choice of Material

Modellers are well versed in the use of balsa wood, spruce, plywood,
aluminium alloy sheet, steel wire, and to a lesser extent the more modern
materials such as G.R.P. cloth, G.R.P. tube, and carbon fibre with their
associated adhesives.

It is found that these modern materials considerably add to the
strength and durability of model structures but in the main do not secure
any improvement in efficiency in terms of strength/weight ratio. Thus their
use 1s restricted mainly to model types where weight is not crucial, or is

Table 1 MATERIAL SPECIFIC PROPERTIES

Properties Specific Properties
Materil Oonsity | Modulus | UTS | Suincl | Skongw | Stiness | Sobd so
Ib.fin.? ibt/in 2 It /in.2 ot (M| S ol
Exp. Polystyrene 0006 00045 003 50 B3 0-75 1250
Balsa soh 0032 30 0-52 288 S0 24 29380
Balsa hard 0064 B7 346 501 73 126 18260
Spruce grade A 0144 1-50 10-0 594 48 104 1222
Carbon Fibre 0646 32-0 3300 5108 79 455 7663
Magnesium Aly Q650 6-50 290 4486 69 100 1538
Glass Fibre 067 28 340 507 76 42 627
Aluminium Aly 101 10-0 63-0 6524 6-2 94 80
Titanum Aly 163 1756 156-8 980 60 109 681
High Tensile Steel 285 290 126:0 439 017 102 363

for open or unrestricted types. An example of the use of carbon fibre is
shown in photo 1. This is an A/2 tailplane constructed with an excep-
tionally thin, cambered aerofoil section. There 1s insufficient thickness for
conventional spars, but the leading and trailing edges, shaped from {” balsa
sheet, are reinforced top and bottom by a bonded 50,000 filament tow of
carbon fibre. This produces a tailplane of exceptional bending strength
and stiffness. A similar application in a thin wing structure may well lead
to a useful performance improvement.

Another modern material of interest is expanded polystyrene,
which can have the lowest density of any material readily available to
modellers, as low as 1 lb./cu. ft. It has little strength in its own right but
it can be used to stabilise thin sheet balsa wood in the construction of
wings or fuselages. It can easily be cut into long strips or conically tapering
sections with a hot wire and on its own it may be used to form small
wings, tails and fins. Its main advantage is in its simplification of con-
struction by reducing the total number of parts, and it therefore suits
some types of kitted models.

Table 1 compares the properties of various materials arranged in
ascending order of density. For efficiency we are concerned with the
specific properties of the materials, which control the strength/weight ratio
of the structure. If we are concerned with specific tensile strength (as for
a lower wing spar flange) carbon fibre is outstanding, but if we design
down to the tensile load the requirement is for a mere hairlike strand,
which would be useless for downbending of the wing. This is the dilemma
with high-strength materials—their properties cannot be used to the full
in modelling applications.

Photo 2: Electron micro-
Scope photograph of typi-
cal cross-section of balsa
wood. Magnification 200
times full size. Note hexa-
gonal cell structure, with

- ..ﬂ._.. .H.‘l..

4 '
rectangular cells in r EE 3 A f ; : _l %
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growth rings. o 5 -il



strength of solid sections the table shows that balsa wood becomes very
attractive, and it is not surprising that it remains the principal modelling
material.

Balsa Wood

Amongst the woods, balsa has the lowest density, due to its highly
porous cellular construction. This is illustrated clearly by photo 2 showing
an electron microscope picture at a magnification of 200 times full size.
The cells are mostly hexagonal and have very thin walls. The walls are
slightly damaged by the razor cutting process although a brand new blade
was used to prepare the specimens.

Phote 3 shows the cross-section of a piece of §" dia. dowel at a
magnification of 20 times. This reveals two other features typical of balsa
wood which are discernible by eve by the careful observer. These are the
pin-holes and the growth rings. Pin-holes result from the local collapse
of the cell structure and occur throughout the sections examined at a
pitch of about 1 mm. They are seen most clearly on the face of sheet or
block, where they appear as brown lines " to 2in. long. They are com-
monly regarded as the “‘grain” of the wood.

Balsa trees grow rapidly in hot and humid conditions, in the
tropical rain forests of South America. This leads to growth rings which
arise nightly (or daily?) and can be seen in photo 3 at a pitch of 2 or 3
to the millimetre. On close examination in photo 2, these rings are seen
to contain lines of rectangular cells in a “brickwork™ pattern. These rings,
then, are improperly expanded hexagonal cells, remaining in the rec-
tangular state.

g
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Photo 3: § dia dowel at

® magnification 20 times full

size, showing "'pin holes”
and growth rings

balsa wood, 100 times full
size.

Photos 4aand ¢4b show sections of hard and soft balsa wood respec-
tively at a magnification of 100 times full size. The variation of density is
seen to be associated with a variation of cell size. Growth rings occur
more frequently in the softer wood, suggesting it is associated with periods
of slower growth rate.

N
ta®

Photo 4b: Low density
balsa wood. 100 times full
size. Compare size of hexa-
gonal cells, and pitch of
growth rings.

Photographs 1, 2, 3, 4a and

4b are reproduced by kind

Permission of the Hatfield
Polytechnic,
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The direction in which sheet balsa is cut from the tree relative to
the growth rings influences its strength and stiffness properties across the
grain. Sheet cut tangentially to the growth rings is known as “quarter
grain’’ or ““quarter sawn’’ stock. It can be identified by small blotch-like
areas of darker colouring on the surface, caused by the growth rings
intersecting the surface at a fine angle. A better examination may be made
by shaving the end of the sample with a sharp razor blade, when the
direction of the growth rings may be seen with good eyesight.

Quarter grain wood is noticeably stiffer and stronger than other
cuts when subjected to bending across the grain and is much sought after
for cutting wing ribs. The reasons for these desirable properties are seen
by reference to Fig. 1. Balsa sheet cut normally to the growth rings is flex-
ible and suitable for rolling fuselages, but is weak across the grain, fractur-
ing along a short growth ring. Except in these special applications, growth
rings running diagonally through the sheet are preferable and this is the
type most plentifully available; see Fig. 2.

Jigged Construction

The simplest form of jig is the flat surface—namely the building
board—on which parts can be pinned during assembly. In addition to a

PRACTICAL THEORETICAL

MAX I MUM ——

ks GRAIN
POTENTIAL

ks GRAIN LOST

4 GRAIN NOT
POSSIBLE

Va GRAIN SHEET POSSIBLE

FIG.2 BALSA TREE SAWING PATTERNS
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ber model structure
designed to withstand
the rough u...:"_ :.:.-..v_ﬁ
of competition flying
Wing and fuselage util-
ise jigged construction,

few templates for wing ribs, wing tips, etc. it is all that is necessary to
construct most wing, tail, and fuselage structures. An exception which has
achieved a measure of popularity is to roll fuselages from sheet balsa
wrapped around a suitable parallel-sided, or tapering, circular former.

However, the use of jigs extends the type of structure which can
be built, and having overcome the psychological barrier of constructing
the jig, new fields of innovation are revealed with possible trade-offs in
terms of structural efficiency, model performance, and aesthetic appear-
ance. Photo 5 shows an open rubber model, the fuselage and wing of
which depend on jigging principles. It is a model intended for the rough
and tumble of competition flying in the worst weather conditions, and has
served well in the intended function.

. Construction of the fuselage is illustrated in Fig. 3 and commences
with the jig, step i, which is cut to the side profile shape of the fuselage from
s or }” sheet. The location of spacers and other features are drawn on
both sides of the jig, and short pieces of ;" x %" balsa are added to locate
the longerons. The longerons, in this case " < %" balsa, are attached to

)
32 CROSS GRAIN-.
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FIG.3 JIGGED FUSELAGE CONSTRUCTION FOR
RUBBER DURATION MODEL OR

SIMILAR BUILT-UP TYPES



construction, using simple
ramp jig.

r

the jig with Sellotape, and spacers of §” x %" are glued flat and overlength
to the outside of the longerons, step ii. After trimming the spacers to length
and sanding the edges of the longerons the side frame assemblies are
removed from the jig and the spacers are reinforced by adding s $Qq.
balsa between the longerons to form spacers of “T section. Finally in
step iii, the sides are joined top and bottom by cross-grain ;%" sheet. A
parallel section is incorporated in the fuselage profile so that longer models
may be made on the same jig by sliding the side assemblies along at the
appropriate point in construction.

The wing of this model has been built in one piece from tip to tip
without any dihedral breaks, and curiously this method proves quicker
than the conventional method. It is made possible by the adoption of an
[-section main spar, the structural efficiency of which is now well known,
and commonly utilised on competition and other types of models. The
first step is to construct the wing flat on the building board with LE, TE,
and all ribs, but omirtting the spar. The LE and TE are then curved at
the desired place by steaming. The lower spar flange §” < ,'s” is added,
and easily bends to the wing curvature. The wing tip is then set on a ramp
as shown in photo 6, while the top flange is added. On joining the flanges

Table 2 SUMMARY OF MODEL WEIGHT BREAKDOWNS (OUNCES)
OPEN RUBBER MODEL. Wing Area 260in.?

Component Balsa etc Wire & Solder Covering & Dope Total
Fuselage 0-88 047 1-36
Wing 0-75 045 120
Tail & Fin 0-28 0-15 0-43
Prop & Noseblock 0-47 0-30 008 0-85
Airframe Total 2-38 0-30 1-15 383
Rubber (maximum to suit fuselage provision) 400
Airborne Total (subject to strength criteria only) 7-83

WAKEFIELD MODEL, Wing Area 244 in.?

Component Balsa etc. Wire & Solder Covering & Dope Total
Fusslage 1-75 0-30 205
Wing 110 0-40 1-50
Tail & Fin 025 0156 0-40
Prop & Noseblock Q-50 0-92 008 1-50
Airframe Total 380 002 0-93 5-45
Timing Mechanism 0-95
Ballast 036
Rubber (subject 10 class rules) 140
Airborne Total (subject to class rules) 815

¥raLLe = ng  wesTER MWL) pARIAE Vel uivals LIS WILLE O LCULVHELUITC DECOINES
permanently locked into the structure.

T'able 2 summarises the weight breakdown for this model, together
with the weight breakdown of a Wakefield for comparison. The extent
to which the more sophisticated construction of the open model leads to
a much lighter structure is evident.

Membrane Loading

In addition to the airborne loads, and impact loads, for which a
model structure must be designed, there are the membrane loads due to
the taut fabric covering. The covering is fairly uniform in tension as a
result of its dope shrinkage, but achieves this at the expense of putting
the internal skeleton in compression. This is a permanent loading which
can slowly cause the structure to creep. The problem of controlling this
distortion is most acute with the lightest structures, and special techniques
have been developed to cope with it. Photo 7 shows a light rubber model
illustrating an approach to the solution. With a wing area of 223in.2, the
total bare airframe weighs 1-7 0z., covered it becomes 2-2 0z., and ready to
fly with rubber 4-2 oz.

The fuselage is constructed with /4" < 4 diagonal longerons with
72 $q. spacers assembled on a jig which is shown in photo 8. It may seem
amystery to some how the jig is removed from the structure. It is removed
through the nose before the final two spacers on two opposite sides are
inserted. Without these, the frame springs open on release from the jig
and permits its easy removal.

The reason for using diagonal longerons is that they present the
greateststrength in the plane of the resultant loading from the tight tissue.
Fuselage design of this type is amenable to mathematical optimisation,
and it is found the optimum design has equal weight of longerons and
spacers. If we take the minimum practical spacer to be /" > & or 43" sq.
balsa, and accept that a spacer pitch of 2in. is about the maximum
practical with ;" » %" diagonal longerons, it is possible to find alternative
designs of equal strength and compare their weights. This is summarised

Photo 7: A lightweight
rubber model, with
Structure designed to
Wwithstand membrane
loading.
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.nmh_%hm.i ‘ LOADING .L quite common in the U.K. we seldom see “egg-box™ construction as seen
/ END MOMENT in photo 7. These each considerably enhance wing torsional stiffness, but
ﬁ i H..mm_.._._nnmm have other characteristics as shown in Fig. 4, to take into account.
A | suppoRT gy STRESSES .
SPACERS Egg-box Construction

Egg-box construction at first sight gives the impression of being

complex, difficult to construct and not apparently worth further considera-

w tion. In reality this is not so. Egg-box construction more closely resembles

& the structure of the World War IT Wellington bomber, than does geodetic
construction, the name adopted by Barnes Wallis for his design.

Jdal In comparison with “Union Jack” construction, egg-box is simpler

| because there is only one rib profile, and it requires no half ribs cut to fit.

Table 3 COMPARISON OF FUSELAGE STRUCTURE CROSS-SECTIONS [WEIGHT) FOR CONSTANT Mﬂﬂmm HD—“.m-OHH.m.— mmﬁ.ﬂ.ﬂ_mmm Hm% _u._ﬂ D_u_ﬁﬂuﬂ.ﬂﬁ ﬂs—ﬂ‘_—d H.—._.um n__w. H.Hm—.._... kuﬂ ﬂw_—_ﬂuﬂ._.._.ﬂ..wm

LONGERON BENDING STRESS. H=1-625 in. ASSUMING SPACER DENSITY-80% LONGERON DENSITY while saving rib weight, and better support of the leading edge and trailing

_ edge may lead to further weight savings there. Construction proceeds by

o Snwnet: e i Sy — porbis | cutting out all ribs complete, without spar slots. Half the ribs are blocked
: : . Lot , together and sawn through half their depth from below at the points of
Joe et - oo o A igeve rib intersection. The remaining half of the ribs are blocked and sawn from
Pl bl | 200 0067 100 Datum.typical above. These can then be assembled into a rib concertina as shown in
ex ) 1-34 0062 923 Pea oo sl photo 9. The concertina may then be pinned to the building board, for
bl ik 198 e il Opt. for spacer trimming to receive the leading and trailing edges and for slotting for the

. . : . spars. P.V.A. adhesive should be used at the rib intersections, balsa cement
in Table 3. The practical optimum structure is found to use %" x }” causes closure of the sawn slots with resulting twisting of the structure
longerons with 1-34 in. spacer pitch, showing an 8°, weight saving on the on release from the building board.

bare framework. Having built egg-box structures, further advantages emerge. The
ribs provide a stiff shear connection between the spars if placed at the rib
intersections, as well as to the LE and TE. As a result, all the spanwise
members work effectively in resisting wing bending. It i1s possible to omit
webs between the top and bottom flanges of “I” sections, and indeed an

_ \/ ultra-light structure consisting of LE, TE and a single top spar becomes
/\ A 7 practicable. On tailplanes and fins, not designed primarily by bending
£ N /N / considerations, thin spars, e.g. " sq., may be located between rib inter-
| i F k! Fi - . - -
_ Y A \/ sections to maximise their local support.
! R ) Membrane loads are resisted almost equally in the chordwise and
iJCONVENTIONAL = NO TORSIONAL ii)GEODETIC = IMPROVED TORSIONAL . . : . . 2
STIFFNESS, MEMBRANE LOADS CARRED STIFFNESS. POOR LE @ Tt SUPPORT spanwise directions by the egg-box ribs. Thus this construction does not
IN SPARS B RIBS, GOOD AERCDYNAMIC IGAINST MEMBRANE LOADS POOR tend to distort and has the stiffness to resist any such effect which may
SHAPE, PRONE TO WARP AEROOYNAMIC SHAPE arise.
; A% RSy Wl NG N N
L | b
WIUNION JACK - BETTER TORSIONAL iWEGG BOX — DOUBLE TORSIONAL -_
STIFFNESS WITH RIBS CROSSING AT 90°, STIFFNESS OF iii), IMPROVED LE. & TE, Phato. Bt di d fuse- 1?ﬂ.-ﬂ,u" Eggbox con-
LE 8 TE.SUPPORT RESTORED, GOOD SUPPORT, MEMBRANE LOADS CARRIED laaw | Chnetincton ﬂEﬁwﬂE%naﬁﬂuﬂH
AERODYNAMIC SHAPE. IN RIBS. NOT PRONE TO WARP using diamond dia- Bt Y Tecen:
gonal _"u___.__u-q_n_..-. u¢_._n_ cortina”. Trim to take
FIG.4 COMPARISON OF WING CONSTRUCTION PRINCIPLES. IRSaVE. Sieasea for LE and TE spars flat on

torsional stiffness. building board.
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| L f—) % | 7 WITH CLOSELY called flying fouls and a Sporting Code which is open to
| | |
|

interpretation in a few areas as regards flying technique, flying style and

| the judges’ interpretation of it, can have a major effect on the outcome

7 of team race competition. Now the F.A.I. Sporting Code for Aeromodels

_ is far superior to the A.M.A. rule book in this area so one doesn’t want

N to advocate anything as silly as adopting the A.M.A. rules, but, as good
| as the F.A.L. rules are, there is still room for improvement.

The rules can be divided into two categories, written and unwritten.

| For example, the World Championships were run for about ten vears using

B | I _ an unwritten rule that three flying fouls were required before disqualifica-

= " LB, Farviand voliad i f \ tion. There was nothing in the rule book all that time to even hint at this

o N found to offer improved F : Procedure; all the sporting code did was enumerate the causes for dis-

ecTlonmon wier e ety T 7 _ | qualification implying that once was enough.
A _ Just plain change won’t make things better of course. To make
: I things better one has first to have a concept of what bezzer means. I think

| S

- prrpar

B e
ok
Ld

_ 70 that “better” in this case can mean, for instance, a reduction in the

| | ability of the pilot to improve race performance through towing the racer

i k | ﬁ and blocking others. It also means making uniform flying standards easier

_r.; _ ! “ to enforce. In addition, judges and pilots should be equally aware of the
50 215 et 55 = relation of flying technique on race performance. The minute one side is
SCALE 1.8 Substantially smarter than the other, races can be decided by gamesmanship.

FLYING MODELS U. 5. A,




There's a determined Dane in each of these melees. small wonder he collected a silver 2nd madal when
all was over—Ilook for the strong uppermost wrist each time.

In writing this I have two purposes. The first one being to improve
the rules, or at least the way they are interpreted. The second being to
help competitors overcome the effects of blocking and make the most out
of what they have. It may not make for easy reading all the way through,
but how many things that are really worthwhile are easy? (On the other
hand, how many things that were hard were worthwhile ?)

SECTION 1

~ Before one can talk about flying in competition, the speed when
flying alone, as it is affected by the way the flying is done, has to be pretty
well understood. To this end I will try to show in the first section how
pilot action is connected to the speed the racer is timed at. This section
will end up with a method of estimating just how much speed is gained or
lost by any flying technique.

Assume that there is a pilot in the centre, flying inside the three-
Enﬂ._.m-ﬂmﬂ_:m flving circle, and someone on the outside with a stopwatch
timing him (and for ten laps please). The person on the outside com-
pares the speed from the ten lap times. This is only an apparent speed
as, for example, if the plane is flown arm extended the distance covered
is more than one kilometre per ten laps; but the formula used for speed
calculation assumes the standard one kilometre distance for ten laps that,
say, an F.A.I. speed plane flies when in the pylon.

_ Since everyone has electronic calculators these days, the formulae
are given below. Although rounded off, they provide more accuracy than

you need even 1f you are timing with a mulsecona nming crror.

speed in kilometres/hour — 3600/ T
speed in miles/hour 2237/T

T, in the formula above, is the time in seconds to fly ten laps. The
reason for using this as the speed is that it is the only one we can measure
and it is the only thing that really counts.

Now that this person is assumed to be out there flying, let us per-
form some experiments to determine the relation between speed and
technique.

The easiest effects to understand are those that occur when the
plane is flying a circular path—no *“‘yo-yo” (e.g. pulling the arm in to
suddenly reduce the flying circle radius) and no wind. If the pilot is lead-
ing or holding back on the aeroplane, he does so continually, not just for a
fraction of a lap. The handle and the aeroplane will both move in a circle
at a steady rate. In short, what is called “steady state operation’’ 1s
established. Under these conditions there are two kinds of effect; those
due to changed flying radius and those attributed to power added (sub-
tracted) by leading (holding back) on the ’plane.

For discussion purposes, say that the speed achieved when flown
from an F.A.I. pylon is the standard. Compared to flying from a speed
pylon, if the *plane is flown according to the new team racing rules (centre
of rotation, handle, ’plane all in a line), the line length is effectively
increased. Except for a tiny increase in line drag, the true airspeed will
not change. The speed (based on time per lap) goes down because the
aircraft flies further than one hundred metres per lap. If the pilot’s hand
moves in a 1-ft. (-3-metre) radius circle, for example, and the handle is

Tabie T Approximate Dimensions for Figures 1 and 2 Data Given in Impenal and Metnic Units

Figure Line length Handle path Aircraft flyang Apparent gam in Change in ten
radius 1 radius speed for a lap time
100 mph racer
1 52-22 (1592) 1-0 (-30) 53-22 (16-22) 20 (-3-2) +43
2 §52-22 (1592) 1-0 (-30) 5122 (15-62) +2-0 (+3-2) - -43
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between the aeroplane and the centre of rotation, there is about a 29,
decrease in timed speed (see Fig. r). If the pilot gets way “behind the
plane” the lines pass over the left shoulder (centre of rotation between
the handle and plane’ and the effect is reversed (see Fig. 2).

Note from Fig. 2 that shortening the radius means the pilot must
lean toward the plane while he flies and the lines will come off his left
shoulder. Increasing the radius just reverses things. Note that the net
change is ‘86 seconds in the time to fly ten laps and neither pilot is
“whipping”’.

The discussion above illustrated apparent speed change by chang-
ing flying radius without whipping. These two cases will be maintaining
the same flying radius (approximately), but changing speed by leading or
lagging, one might call it the “pure whipping case”. The first one, shown
in Fig. 3, is the natural posture most beginners and sport fliers assume
without being instructed. The pilot walks around in a circle with the
lines perpendicular to his shoulders. In Fig. 4, the pilot walks backward
right after a pass in AL M.A. competition or, as some stunt fliers do,
between manoeuvres to get high manoeuvre entry speeds. By calculation
for an example world class racer, the speed lost is five mph in Fig. 7 and
in Fig. 4 the speed gained is sixmph. The reason the gain is more than
the loss is the feedback; the pilot whips, the aeroplane speed increases,
increasing the line tension which further increases the effect of whipping.

Table 2 summarises the four positions discussed so far and how to
detect them. In each case a line drawn from the centre of rotation will
go right through the shoulders of the pilot. This will not be the case in
intermediate positions.

There are a lot of flying stances other than the four just discussed,
of course, and they all involve leading or lagging the aeroplane. That is
the handle will be ahead or behind a line drawn through the centre of
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Table 2 FOUR BASIC FLYING POSITIONS AND IDENTIFYING FEATURES

Increased flying radius, no lead (see Figure 1)
pilot leans away from plane
shoulders parallel to lines, nght shoulder closest to plane
pilot and plane face the same way
pilot seems to walk straight ahead

Decreasad flying radius. no lead (see Figure 2)
pilot leans toward plane
shoulders parallel to lines, left shoulder closest to plane
pilot faces the opposite direction of the plane
pilot seems 1o walk straight ahead
Little change in flying radius, piot lags plane (see Figure 3)
pilot faces plane
ghoulders at right angles to lines, left shoulder toward centre of rotation
pilot seems to walk straight ahead

Little change in flying radius, pilot leads plane (see Figure 4)
pilot faces plane .
shoulders at right angles 1o lines. nght shoulder toward centre of rotation
pilot walks backward

rotation and the aeroplane. If the handle is ahead of the line (displaced in
the direction of flight) then the pilot is leading the plane, commonly
called “whipping”’, and if the handle is behind then the pilot is lagging,
for which condition there is no slang word equivalent. For those of you
who would like to coin a word, here is the place—it could be called whoaing
or maybe dewhipping....

On an F.A.l team racer the line tension is from 10 to 151b. (44 to
67 Newtons) for most planes. This force causes a power input to the
plane. The faster and heavier the plane the more added power for a given
lead: the more horsepower that’s taken away for a given lag too.

To help fix ideas, a specific example will be given. Consider a
world-class racer capable of flying at toomph (161 km/hr) in a pylon, and
with a mass equivalent to a weight of 1.00lbm (454g). In an F.A.1. speed
pylon the line tension would be about 12.8 Ib. (§6:9 Newtons). Assume the
pilot flies with the handle 2-oft. (-61 metres) from the centre of rotation
and leads the plane by -5 ft. (-15 metres). The power input to the plane from
the line is - 165 horsepower (4-53 watts). Considering that the thrust power
from the engine is about -4 horsepower (11 watts) (this includes
propeller efficiency), this is a substantial increase. The top view in Fig. §
shows what is meant. Clearly the racer will lose some speed because it
is flying in a larger radius circle, but it will also gain because the aeroplane
will fly faster due to the extra power. The whole problem is then to find
out exactly what the net effect is, considering both effects. As it turns
out, in this example there is a net loss of about one mph.
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without going through a bunch of formulae the assumptions and explana-
tions are given as follows: The position is to calculate the resulting change
in apparent speed for any given aeroplane. First, the effective flight circle
radius from geometry is computed. The centrifugal force is then related
to the line tension and the line tension plus the lead (lag) of the lines relative
to the aeroplane show how much extra thrust is being applied. Assuming
that the engine thrust power was constant, the resulting increase in air
speed is computed. This, in effect, assumes that the power required is pro-
portional to the cube of the flying speed. Once the flying speed is known
and the effective flight circle radius is also known the time for ten laps
and the apparent speed can be computed. I’'ve done all this for many cases
and the results are shown in Fig. 6. Calculations are done for the assumed
world class racer described above. To use Fig. 6 just imagine the centre
of rotation is as marked, the plane way off the paper in the direction in-
dicated. Then imagine the handle position somewhere in relation to these
and read the gain or loss in speed off the graph. The positions shown in
the figures are marked on this graph by a small dot and the corresponding
figure number next to it.

From Fig. 6 you can see that the ““normal” flying position is some-
where between point 1 and point 4 and the flyer is losing a little speed
compared to what he could do flying from a pylon. To make up for the
speed lost by flying in a larger radius in a pylon the pilot must lead the
plane. As can also be visualised in Figs. 5 and 6, “position 5™ flying (which
1sn’t whipping much) requires that peculiar crab-like walk pilots do while
looking over their shoulders. Getting on the other side of the centre of
rotation over toward position 2 really helps a lot. If you want an excellent
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get on the other side of the centre of rotation.
Krasnorutski (left) is leaning forward and
Patersen (right) is leaning backwards while
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Onufrienko at rear is reasonably upright.

example of something close to this picture see the picture of Petersen of
Denmark on the way to a 3:56-7 time on page 584 of the October 1976
Aeromodeller. 1t’s worth 1000 extra rpm. You might argue that the rule
book outlaws position 2, but the jury has to call it.

In the first part of the article, flying alone in steady state conditions
was discussed. The end of flying alone section will consider unsteady
effects, namely: acceleration, wind change of flying radius, pull-ups and
high flying.

Wind has an effect on speed as does acceleration and deceleration.
For the world class racer used in previous examples (1 1b. weight, -4 thrust
horsepower, 10omph when flown from a pylon), assuming that the racer
accelerates to its terminal velocity while being flown from a pylon, it takes
about -7 sec. to go from 9o to 95 and -7 sec. to go from 95 to 97-5 and so
on. In other words, near terminal velocity takes -7 sec. to get half-way to
steady state speed from whatever speed you start and that goes whether
you’re slowing down or speeding up. Now, of course, this slow creep up to
racing speed is not good and most pilots will give a little tug to pull the fly-
ing radius in right at the end to hurry the process up. When flying
speed is disturbed in a race it always takes time to build it back up again,
which is the reason to avoid sharp pull-ups which will drag the speed
down.

Wind generally has (in small doses) little effect on average speed.
When the ’plane flies dead into the wind the airspeed is higher than
normal as inertia is still carrying it, but its ground speed is low. Around
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terms of ground speed and 180" around from that, the fastest (see Fig. 7).
Wind does, however, offer a good opportunity to make whipping more
effective. When the ground speed is the highest the line tension is the
highest and the whipping most effective. The best place, therefore, is
around either side of the 18" from downwind position. This is where a
pass should be made. Going into the wind is the time to shorten the flying
radius. Speed and line tension are low so whipping isn’t as effective and
no one can get away with leading the aeroplane around over the whole
lap anyway. The foregoing suggests a pattern seen once in a while. The
pilot (especially in a two-up situation) flies in ““position 2 apparently way
behind the plane and going like stink. Just before the plane has the wind
square on its tail, the pilot starts his pass, raising his hand over his head
and pivoting to his left on his right foot and taking a few backward steps
while completing the pass. By this time the plane is going like a bomb—
about 5 or tomph over speed—for whipping. Joe Turkey, whom he just
passed flying in “position”, is losing § mph so he’s wondering where the
hot dog’s 10-15 mph speed advantage came from. About now, the faster
plane is coming into the wind, the jury is scowling and thinking of calling
a foul when the pilot stops the whip, turns around and starts flying lines
off the left shoulder again. In two more laps he will be ready for another
pass at this rate.

The foregoing discussion briefly touched on the effect of accelera-
tion and wind. The penultimate effect to be considered is the “yo-yo”.
Since angular moment conserved, if the flying radius is shortened very
rapidly, the speed has to go up. The time per lap goes down even faster
than the speed increase would indicate as the flying radius is also shortened.
Of course, the speed immediately begins to die down to the steady state
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Take-off from a fast pit

stop is pulled to speed

by that determined
Dane.

speed, but for a second or so it helps, possibly just long enough to make a
pass. The instantaneous apparent speed goes up as the square of the ratio
of the old and new flying radii. After takeoff, for example, as the pilot
spirals inward toward the centre, this effect really helps. If the example
racer is doing 9o mph airspeed at a ss-ft. flying radius the apparent speed
is 85-4. By suddenly pulling the radius in to 53 ft. it jumps up to about
92-0. The biggest increase in speed is when the aeroplane is going fast,
so this spiralling into the centre should not be done right after take-off.
Probably the best place is right at the end of the first lap, the pilot taking
advantage of the “hand off the chest for two laps after takeoff’ rule.

Another way this effect was used was when the arm could be
extended during a pass. After drawing even with his opponent, the pilot
would pull his arm in and take a step backwards to help things along.
This same phenomenon is used in Sunday flying to great effect when
doing loops downwind. After the engine quits, the pilot can whip and pull
in on the bottom of the loop and then coast up to the top, putting enough
energy in to keep the plane flying for long periods.

In all of the discussion to date, not enough attention has been paid
to the subject of the load put on the engine and the setting. If the
mechanic has tuned the engine to run its best at a given speed and load,
and the pilot then changes conditions for which the setting is best, things
can get worse rapidly. Flying in positions 1 and 2 does not change the load
on the engine perceptibly, even though there is a slight change in line
drag. I.eading the aeroplane, coming into the wind, and having the flying
radius reduced suddenly, all unload the engine and the reverse loads it up.
In addition to these causes, increasing the “g” loading on the plane will
increase its drag and also load up the engine. With light aeroplanes all
of these loading-up effects are minimised and the high aspect ratios em-
ployed on most team racers help to reduce the drag increase effects.

Now those “g’ loading effects will be touched on in a moment,
but the worst effect is that from the pilot lagging the plane, perhaps
because of being stuck behind a skilful, slower opponent, perhaps because



cisnxﬁnamﬂnm or lack of knowledge. This continual lap after lap running
at lower airspeed leads to overheating and, if the engine doesn’t cook up
and stop, it may not restart and the aeroplane will eventually slow down
and lose its speed advantage, thus nullifying a superior aeroplane. The
only way to fight back is to lead the plane and run the risk of being fouled
out or to adjust the engine before the race for a loaded-up condition which
requires a richer and under-compressed setting and must give up laps and
speed. To this, add the fact that a common mistake is to tune the aero-
_u._mum to run best while leading more (or lagging less) than normal flying
circumstances will permit. In the 1970’s this is a recognised mistake, even
though it doesn’t make for good practice times, and it is not made nearly
so often as it was in the previous decade. As one can see, the pilot must
make every effort to pass at the first opportunity. This will unload the
engine and no.u._ it down and, more importantly, establish in the jury’s
mind his superior speed and right to pass. If the pilot gets blocked for
mﬂm. laps or so and then in desperation decides to tow a little and pass,
the jury will think his plane is matched in speed and he is “applying physi-
cal effort” to pass when he could not do so fairly. )

Returning to the effect of a “g” loading, note that high flying
demands far more lift from the wings than just the weight of the aeroplane.
Continuous high flying requires wind lift to support some of the centri-
fugal force, for which see Fig. 8. Assuming the 1oomph pylon speed
racer and the handle circling in a one-ft.-radius circle about the centre of
rotation (“‘centre spot™ as the F.A.I. Sporting Code calls it), the following
calculations should illustrate the problem:

Handle against the chest held 4-50 ft. above ground level and aero-
plane flown continuously at the minimum/maximum normal flying height
(6:56 ft./9-84 ft.), the wing lift must be 1-5/2-3 times the weight. Only if the

All over for Heaton-Ross
(U.K.} at the World Champs
finals, a turn-in on take-off
spelled disaster after a vali-
ant effort. Opposite—the
Dutch winner the Metke-
maeijer brothers with Enrico
_u_nq.nu who prepared the
engine. Record times of
3:44 and 7:32'5 testify to
their exceptional ability.

plane could be flown at 4-5 ft. altitude would the lift equal the weight, and
this is against the rules.

Handle above head at 6-00 ft. above ground level and aeroplane
flying at the maximum height permitted during passing (19-69 ft.), the lift
must be 4-41 times weight. Very few people realise that flying at a constant
altitude like this puts such a load on the aeroplane—no wonder wings
flex!

This additional lift will certainly reduce the airspeed of the aircraft
since the drag must be higher. However, since the flying radius is
shortened, the effective speed or timed speed may not go down at all; for
most high aspect ratio racers just the opposite may occur and high flying
may pay off if you can get away with it.

Flying within the rules, however, flying at a constant three metres
altitude compared with two metres shortens the radius less than one tenth
of one per cent. The increased load for pulling a continuous 2-3g’s can
hardly be worth it, so the best position is down low. Few juries disqualify
or warn pilots for flying below the 2-metre limit and ““it’s done all the time”
so this encourages a lot of really low flying. Normal flying isn’t the
problem. The question is, when passing—passing two at a time for
instance—how high should one fly? The best solution is to time a few laps
while flying high (six metres) and, if the speed is timed as increasing, then
consider using the maximum height allowed during a pass. This reduces
radius about 3-5 per cent. Also, the dive down to normal height or lower
after the pass will help gain speed when passing the fastest people.

SECTION 11
“Flying With Others”

So far, all of the things affecting speed that the pilot can con-
tribute to have been discussed, but mainly as if the pilot were out there
flying all by himself. In competition, the presence of others in the circle




won’t change these facts, but it will change what the pilot has the oppor-
tunity to accomplish. The discussion of these problems is necessarily much
more qualitative. It is impossible to estimate the speed loss due to getting
your lines caught in the competition’s hair, for instance.

Flying with other people presents a number of problems, not the
least of which is passing, even when you have the faster aeroplane. The
Soviet Union proposed a “hand off the chest for three laps” rule to
provide a longer time in which to pass. Just how much faster you have to
fly to pass while obeying the flying rules is an interesting thing. Con-
sider two cases: (both aeroplanes flying at a constant speed), the faster
aeroplane having to gain (a) § of a lap and (b) } of a lap while covering

no more than two laps. The tables below show the fastest opponent you
can pass.

Pass in Two Laps
Your speed (mph)

. 90 100 I10
Laps gained
4 844 938 1031
i 78-8 87-5 06-3

Pass in Three Laps

. 90 100 110
Laps gained
A 86-3 958 1054
i 82-5 917 100-8

As is plain to see, under present conditions and a strict interpreta-
tion of the rules you have to have a terrific speed margin to do any good. A
100mph racer can’t even squeak by a 94mph racer in two laps. As we
will soon see, blocking makes it even worse. Getting into the semis may
depend on being lucky enough not to have to fly against a good slow team.
That is one that won’t retire, will fly for the best possible race outcome
and makes rapid pits. The Russian proposal will help some, as you can see
from the table above.

Evenifyou have the speed advantage necessary to pass, the presence
of another pilot in the circle can take it away. Taking the simplest case
first, one big problem is presented when one pilot occupies the centre,
just twirling around on his heels. He is probably some gorilla who can
also lean back with an alarming spinal curvature. Worst of all, he can’t
speak English so you can’t tell him how you feel. Since the British rule
proposal isn’t yet formal, you can’t fly with your lines over his shoulder
unless you are taller than he is so, for practical purposes, the space he
blocks out—space that your lines can’t pass through and space you can’t
occupy—is approximately a rectangle 2 ft. by 1 ft.

Suppose he has a 95 mph plane and you have a 1comph plane
(when flying from a pylon, as usual). From our simple-minded catch-up

analysis above you won’t gain § of a lap on him in two _mﬁm.nﬂnn if you
both fly at your normal speeds undisturbed. Still, with five miles per hour
on him you have to try a pass and hope you don’t get fouled, maybe
you can get it done in less than } of a lap. In this case the jury 1s not
faulting him for standing. The blocker’s profile is shaded in and his lines
are shown in Fig. 9. Your plane is always toward the top of the page in
Fig. 9. There are four views showing the conditions } lap, } lap, ; lap and
even with him. Half a lap apart he has you pushed out a little so you do
97 and he does 94 because of increased flying radius. In all the other views
his effective speed is 94. Note how yours is brought down the closer you
get. The flying speed differences are calculated from Fig. 6. .

By the time you get close enough to pass he has forced you into a
large walking circle and all the speed differential is lost. Clearly, if the
jury doesn’t call him he will ruin your time and improve his own and this
kind of conduct is the jury’s first duty to stop. From the standpoint of
jury psychology, what is crucial (as pointed out earlier) is to get ﬂnr_un
him and whip if possible to pass him right away and establish in the
jury’s mind your superior speed and right to pass. If you get fouled on the
first attempt you can always cool it and take your chance later.

Desirable Rule Changes . .
Every flying style affects speed to some extent and there is nothing
either good or bad about any of them in the sense of being intrinsically
unfair. What the rules should try for is to ensure that all contestants are
limited to the same flying technique so it mm.nﬁﬂm all Honn_m. the same.
What makes a good idea is that otherwise pilot height and physical aggres-
siveness will play a big role and will discourage many nmwn:nna teams from
competition. The present rules and suggested modifications nm..__._ for an im-
possible situation. First the handle, plane and *“centre spot” should all
line up. Excellent. With this rule all one has to do is keep the walking
radius about constant and everything is equalised. Now the proposal to

%7 MPH !

74 MPH
4 LAP SEPARATION ' I LAP SEPARATION
FIGURE 9

+ 1,/ LAP SEPARATION NO SEPARATION



make the lines exit at right angles to the shoulders. The only way both of
these things can happen is for the pilot to walk sideways. The first must is
that one of these has to go. To ensure the centre is not occupied by other
than those who are passing, I suggest that a 1-metre radius solid-colour
circle be placed in the centre of the circle, possibly with some small pro-
trusion so pilots could feel they were stepping on it. This will make it
easy for the jury to ensure a constant walking radius and identify the
orientation of the lines with respect to the centre spot (regardless of which
rule is kept).

Second is that the passing rules must be rewritten. As it is, it is not
possible for most contestants to pass without the jury winking at the rules.
Clearly the Russian proposal of three laps is a must and just as clearly, how-
ever, I think the analysis showed that the line crossing prior to the pass
must also be permitted so as not to cause a slow down and encourage
blocking. Ifthe pass is not complete in three laps after the lines are crossed
the contestant should be fouled. He can count and uncross then if he is not
successful.

The thirdthing is that flying height rules should be strictly enforced,
particularly low flying. Low flying could be dangerous and either the height
rules should be changed or fouls should be awarded for any low flying. In
most contests that I have seen—both here and in Europe—the rule is com-
pletelyignored. Many teams practise flying for hundreds of laps at elevation
of 5 ft. or so and they don’t change when they compete. Rules should be
enforced, rewritten so they can be enforced, or thrown out.

The fourth item is a little less clear, but it seems to me that unless
taking off or landing the handle should always be on an axis passing
vertically through the centre of the chest—that is a passing pilot could
raise it above his head but only vertically. Together with this I would
suggest a policy that all flyers be asked to fly with their hand at the
highest position that is comfortable. This is only personal preference
based on a minor safety potential and less up and down when passing as
well as easier visibility for the jury. While landing and taking off the arm
may be extended, the rules should make it clear that the extension is only
permitted while the pilot is stooped over for others to pass. Once he’s up
to speed and ready to race, standing up and all that, the rules should be
the same for all pilots.

Now the last point. The jury deserves to be free from intimidation
and deserves some recognition. Most modellers will have at one time
sworn at, berated, demeaned and scorned officials—and can’t understand
why they’re not better. What is the jury’s incentive? It would be good if
the jury would be honoured and if they could be encouraged to be very
strict. Perhaps team trials and National Championships would be a good
place for this emphasis to begin. The jury should be permitted a warm-
up heat todemonstrate to contestants how they will call races and how they
have elected to communicate fouls. I would also like to see a critique of
the officiating, by all contestants immediately after the Nats. and team
trials. It shouldn’t be too much work for the contestants or too much to
ask of them and the only way to get any reasonable communication going.
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BIRD AERODYNAMICS

by Professor E. F. Blick (University of Oklahoma, U.S.A.)
(From “Shell Aviation News”)

DOWN THROUGH the ages, men have been fascinated by the flight of birds
and have attempted to unlock the mystery of their flying mechanism. Da
Vinci studied bird flight and in 1505 built the first known flying machine,
a prone-piloted ornithopter. There is a rumour that the test pilot (one of
da Vinci’s household servants) broke his leg in the crash of the machine.

Da Vinci wrote that a bird supports itself by beating its wing down
and propels itself by the action of its wing tip, which describes an alleged
line from the front to the rear. He was almost completely wrong! Slow-
motion pictures of bird flight have shown that its lift and thrust are con-
siderably more complicated than da Vinci imagined. Otto Lilienthal, in the
later part of the last century, imitated bird flight by gliding 800 yards in a
glider with a curved airfoil section and a small stabilising tail. Lilienthal
lost his life because he failed to understand that birds possess automatic
stability, due to instinctive reflexes which change the shape of their wings
and tails.

The rapiddevelopment of aerodynamics in this century has revealed
many of the secrets of bird flight. Nevertheless there are still areas, such as
flapping flight, that have not been completely unravelled.

The Wing . .
The wing of a bird is a marvel of engineering. A bird can momn.:m
wings completely against its body, it can spread them out fully in gliding



flight, and flap them when it needs thrust and lift. The flying apparatus
of a red-shouldered hawk (Buteo lineatus) and a sparrow-hawk (Falco
sparverius) is shown in Fig. 1, where four different auxiliary lift devices
are seen:

1. Alula—This is a small group of feathers at the front edge of the
wrist, where the inner and outer wings join. The bird can raise the alula
to form a slot which keeps the airflow from separating or ‘“‘stalling out”
in this critical junction. The inner half of the wing is devoted primarily
to producing lift, while the outer half does most of the flapping and
produces the thrust.

2. Slotted Tip—The outer feathers (primaries) are slotted to form
individual wings at the wing tip. As will be discussed later, these slotted
tip feathers have a remarkable effect in reducing the induced drag (drag
due to lift) of the bird by reducing the strength of the wing tip trailing
vortex.

3. Leading Edge Flaps—I].eading edge flaps increase the lift of the
bird wing at large angles of attack by retarding flow separation. These
have been developed also for aeroplane wings.

4. Turbulence Generators—On the upper surface of the bird wing,
near the leading edge, are feathers that “pop up” at high angles of attack.
These are similar to the vortex generators that have been added to some
aeroplane wings like the Boeing 707. Wind tunnel tests at the University
of Oklahoma on a stuffed quail showed that low pressure on the upper wing
surface causes these feathers to pop up automatically at high angles of
attack, when their effect is most needed. The tests indicated that even at a
value of 35” the quail wing did not stall. When the quail feathers were
artificially stiffened by hair spray the maximum lift was consistently less
than natural feathers.

An equivalent man-made airfoil with three of the auxiliary lift
devices is also shown.

Owls have unique devices on their wings to enable them to fly
silently. The owl feather exhibits three peculiarities:

I. The upper surface has a padding of fine down. This apparently
reduces the aerodynamic noise in flight and the friction noise as the
feathers slide over one another.

2. The leading edge comb creates a boundary layer effect, which acts like
vortex generators to increase lift by reducing flow separation and sup-
presses aerodynamic noise at the leading edge. A wind tunnel test at the
University of Oklahoma on a small wooden wing equipped with straight
pins to simulate the owl’s leading edge comb showed that at low speeds
(below 22 m.p.h.) this comb increased the lift. If one blows with the mouth
on the leading edge of a comb-equipped owl feather at various angles of
attack, and does the same to an ordinary feather, it will be obvious to the
ear that less noise emanates from the owl feather.

3. The shaggy fringe on the trailing edge also acts as a noise SUPPressor.

Most birds produce a rustling noise as they fly. This noise is
generated primarily by the turbulence, eddies and discontinuities along
the wings. In contrast, the owl flies silently—a characteristic that, coupled
with sharp vision and hearing, enables it to swoop down out of the dark
and pounce upon small creatures.

Dr. Richard Kroeger of the University of Tennessee Space In-
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stitute has recently measured the noise generated by flying owls. He found
that owls which had been sprayed with women’s hair spray were much
noisier. Apparently the hair spray hardened the downy upper surface and
shaggy fringe on the trailing edge of the feathers.

Flapping and Propulsion o . -
P qH_N.H most complex aspect of bird aerodynamics is flapping flight.
As yet there is not an abundance of quantitative information upon it. This
is not surprising when you consider that the wing twists and changes
shape as it beats up and down, and in so doing both supports and propels
the bird. The wing-beating frequency varies widely among birds; it is
inversely proportional to bird weight, ranging from about 50 beats/second
for one species of humming bird to around 1-3 beats/second for the
pelican. . . .
Fig. 2 shows the path traversed by a bird wing during forward
flight, and the forces exerted upon it. What is surprising about the wing
flapping is that forward thrust can be produced on both the upstroke and
the downstroke. This is due to the favourable aeroelastic twist effect on
the primary feathers. Fig. 3 shows how the feathers are flattened for the
downstroke and opened up like a venetian blind on the upstroke. The vene-
tian blind effect on upstroke produces less negative lift than the positive
Figure 3: Venetian blind

aeffect of flapping wing
during the upstroke.

N
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lift produced on downstroke, hence the net lift over the whole beat cycle
is positive (up). The inner half of the wing is devoted almost entirely to
giving lift and may beat up and down very little on some birds in leisurely
mmm.w_r The outer half of the wing is primary the primary propeller of a
ird.

~ The w..mﬂocwm_u_n acroelastic twist effect of the feathers and wing
during flapping flight can be explained by the position of the shaft on a
primary feather. The shaft is usually found within 259, of the primary
feather leading edge, while all other feathers are symmetrical about the
shaft. This shaft is also the elastic axis of the feather (the axis about
which the feather will twist).

During the flapping motion the aerodynamic centre moves behind
the elastic axis, hence the aerodynamic force during the downstroke twists
the feather nose-down about the elastic axis (Fig. 4). The aerodynamic
force now has a thrust component (upward). On the upstroke, the aero-
&ﬁﬁﬁn force rotates the feather about the elastic axis nose-up. The aero-
dynamic force still has a thrust component (forward) but a negative lift
component (downward).

Another favourable effect of having the elastic axis well ahead of the

aerodynamic centre is that the critical flutter velocity of the bird feather
will be very high. For this reason one never observes catastrophic failure
of bird wings due to flutter!
o The hovering flight of humming birds is made possible by ashoulder
joint of great rotational freedom. The wing forward stroke is conventional
with leading edge forward, but on the backstroke the entire wing swivels
about the root almost 180°.

Figure 4: Effect of feather
shaft (elastic axis) location
on twist and thrust (T=
thrust, L=lift, R=result-

ant).
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Soaring and Gliding

Flight on motionless wings, or soaring, was divided by Lord
Rayleigh in 1883 into three categories : gliding—flight in which the path is
not horizontal; szatic soaring—flight in an air mass having a vertical com-
ponent of velocity; and dynamic soaring—flight in an air mass that is not
uniform in velocity.

The conditions for a steady glide are exactly the same as for a man-
made sailplane. Large values of the lift-to-drag ratio result in a smaller
glide angle. During static soaring, the bird glides in the presence of rising
masses of heated air that have an upward vertical velocity just equal to its
sinking speed.

It is obvious that if a bird is proficient at soaring, it must have a high
lift/drag ratio. The two main types of gliding and soaring birds, the land
soarers and the sea soarers, each have a different method of achieving this.

The sea birds which are excellent soarers develop high lift/drag
ratios because they have large aspect ratio (span divided by the average
chord) wings. Aerodynamic theory has shown that induced drag coefficient
(drag coefficient due to lift coefficient) is inversely proportional to the
aspect ratio of a wing. Induced drag is caused, basically, by the two wing-
tip vortices; if you place the two vortices far apart (by means of a high
aspect ratio wing) then you reduce the induced drag. The albatross is a
sea bird that is an excellent soarer and he has an aspect ratio of nearly
15—a very high value. The albatross takes off from long level beaches and
soars over water, and hence has no worry of obstructions in operating his
long slender wings.

Land soarers like vultures, eagles and hawks operate out of trees
and shrubs, and off rocks, and so would have great difficulty if they had
high aspect ratio wings. Hence land soarers are found with low aspect
ratio wings. The condor only has an aspect ratio of about 6, yet he soars
very efficiently. The paradox is evident. How can land soarers with low
aspect ratio wings possess such excellent soaring ability, when aero-
dynamic theory states that a high aspect ratio is needed to reduce drag
coefficient and produce high lift/drag ratio? The answer lies in the slotted
wing tips found on land soarers as on a soaring eagle, and on a hawk.

The slotted wing tip reduces the strength of the tip vortex, and
hence the induced drag. It consists of six or seven long slender primaries
which, considered as individual airfoils, have a high aspect ratio. In addi-
tion, these pinion feathers are spread out vertically due to the air loads
that bend them upward. As the pinions bend under the air load, stresses
are set up to produce more and more curvature or camber in the feather.
Such cambered feathers can produce more lift than flat sections. The
leading pinion curves up more strongly than the second, the second curves
up more than the third, and so on. They assume their proper curvature
automatically due to their elastic deformation under the air loads, not by
any direct control of the bird—it is automatic geometry control.

The upward curved pinions sweep the air outward away from the
centre of the wing, thus preventing the air from sweeping it from the
tip over the upper wing surface. In this respect the pinions may be
likened to end plates on wings, which eliminate a proportion of the induced
drag.

= How good is a bird’s drag compared with modern aircraft? The



late Gus Raspet, who was the head of the Aerophysics Department at
Mississippi State University, made some excellent drag measurements of
buzzards by following them with his sailplane. Fig. § shows some of the
results obtained by Raspet. The black buzzard’s skin friction coefficient
is 30”, higher than that of the laminar plate (the lowest possible!), whereas
one of the best man-made flying machines, a sailplane, possesses a drag
coefficient no less than 330°, higher than the laminar plate flow. This
gives some validity to the speculation that birds possess some type of
boundary layer control. Such boundary layer control may be associated
with the compliancy or possibly the porosity of their feathers.

From the results of feather compliancy measurements made at the
University of Oklahoma, there appears to be an increase in the stiffness
of the feathers as the flight speed of the bird increases.

Flight Control

The control of pitch by a bird can be effected in two ways—by
movement of the tail up, down, or sidewise, and also by forward or back-
ward movements of the wing. At low speed the wings are swept forward.
At high speeds, the tips are swept back by bending the wrist of the wing.
This moves the centre of pressure of the wing farther back, which tends
to give a nose-down pitching moment and trim for higher speeds has been
achieved.

We have only scratched the surface of the complexities of bird
aerodynamics here. There is still much the aerodynamicist does not know
or understand about them. Fortunately this does not deter baby birds,
since almost all of them can fly the first time they jump or are pushed
by their mothers out of their nest!

Figure 5: Skin friction variation with Reynolds Number {from "Biophysics of Bird Flight'. Science, 22
July 1960, Vol. 132, No. 3421, p. 197, August Raspet).
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Wind tunnel model experiment at Cranfield Institute of Technology where wing tip sails have bean the
subject of considerable study.

Applications

One possible application of bird aerodynamics might be to the
problem of the tornado-like turbulent vortices trailing the wings of jumbo
jets. These invisible wing-tip vortices may spiral back for miles. A small
‘plane passing through the trailing vortices (or wake turbulence as It 1s
more commonly called) can experience a violent bump and possibly go
out of control in a spin and crash.

Tests at NASA’s Edwards Flight Test Centre showed that a twin-
engined Learjet was rolled on its back when it was caught in the tip vortices
3-7 miles behind a C-5 transport landing with flaps down. Between 1964
and 1969, at least 98 accidents related to trailing tip vortices took the lives
of 20 people and injured 54.

What can be done to eliminate or at least reduce trailing tip
vortices ? At the University of Oklahoma we are investigating the possibility
of applying the concept of slotted-flexible wing tips found on hawks, eagles
and buzzards to aircraft wings.

If a successful wing tip of this type can be developed it should
reduce the accident hazard due to wake turbulence, decrease take-off and
landing separation times at crowded airports and, quite possibly, provide
a reduction in the induced drag of the aircraft.

Airborne tests on the Cranfield Morane—Saulnier Paris jet include this set of three wing tip sails on the
tip-tank.




John Drake (left) assisted by Roy Sturman of Autogyro fame. The wing is beating at three beats to the

second!! Exposure 1/25 second. Blurred wing illustrates the high flapping rate. There is no need to hold

fuselage, the characteristic 5t. Vitus' Dance of most ornithopters has been overcome by articulating the
wing.

AN EXPERIMENTAL R/C ORNITHOPTER
by John Drake

THIS MODEL is a direct result of the competition promoted in the December
1972 issue of Aeromodeller. It is the latest in a series varying from small
rubber driven and CO,-operated models to a large 10 cc powered 8 ft. span.
All had the same articulated wing movement, the main variation being
in the design of the mechanism and structure of the wings.

The success rate of these models was very low, by which is meant
only one rubber-powered model flew out of at least six models! The non-
flying attempts, nevertheless, were all very educational in the sense that
they taught as much about what couldn’t be done, as could!

For instance, early mechanisms were all buried within the wings,
which made them difficult to construct, and the mechanisms were generally
not stiff enough i.e. the shafts used for actuating the outer wing tips
deflected and twisted when under load. Also, bearings seized up. All this
resulted in undesirable wing movements. That is why the latest wing is
operated by external cables.

One of the early lessons learned was that it is most difficult, if not
impossible, to launch an ornithopter from rest by wing movements alone.

This can be said with a certain degree of confidence, because large
birds, like swans, have great difficulty in getting airborne. As many will
have noticed, swans have to paddle their feet to assist their wings, and
generally have to make a supreme physical effort, using all possible leg
and wing movements to get up to flying speed. Once up to flying speed,
and a foot or so above the water, they are then able to use the full stroke
and power of their wings to climb away from the water.

This was considered at some length, even to the extent of providing
a drive to the undercarriage wheels, and retracting a very long legged

undercarriage. The long undercarriage would be necessary to lift the wings
clear of the ground, when the wings are at the bottom of their stroke. Prob-
lems in this area, are mind boggling, and with the added difficulties associ-
ated with the wing movement, it was essential to think of something far
less complicated.

After much searching, a propeller was used to get the model air-
borne. Using a propeller has the advantage of allowing the undercarriage
to be kept short, and hence there will be no need for a retract system.

As the model is purely a research vehicle to find out what wing
movements are necessary to produce thrust and lift while airborne, use
of a propeller would not be cheating too much. In any case a way of stop-
ping the propeller was devised and the drive transferred to the wings whilst
in flight, using the fourth servo of a 4 function radio control unit. In this
way any spectators could be convinced, that if the machine continued to
remainairborne, the flapping wings musr be producing a modicum of thrust.

A final feature of the wing flapping mechanism was to devise a
means of returning the wing to the glide position, which only occurs at
one point in the complete wing-beat cycle.

It is necessary to provide this feature, for without it, there could
never be a guarantee that the wings were in the correct position for a glide,
and return to propeller power for subsequent landing.

To date, this aspect of the wing flapping mechanism has functioned
satisfactorily during ground trials, and it has been tried twice whilst air-
borne with the wing subjected to flight loads. The most uncertain aspect
of this mechanism is the reliability of the engine.

Should the sudden shock of the wing flapping stall the engine, there
is no way of returning the wing to the glide position. The prospect of flying
the model with a wing in an exaggerated anhedral position fills one with
horror!

The model first made one flight in the rigid mode and was airborne
for about three minutes, just enough to prove that it would fly by means
of a propeller. At least it is known that the wing mechanism and structure
can take the air loads and that the wing leading edges doesn’t twist un-
controllably. In August 1978, the power was transferred from propeller

Two pionsers, left, the
doyen of British radio
controlled modalling
Howard Boys and right,
John Drake the origina-
tor of home built heli-
copters and now ... the
ornithopter seen at an
Aeromodeller rally, Oid
Warden,




HOW A FLAPPIMNG WING GEMERATES THRUST

PROPELLER 5 -
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These five sketches show the wing tip, at the top. middle and bottom of its bast during ona cycle. The
dotted line traces the path of the wing tip during this cycle. The wide arrows show the angle at which
the air stream apparantly mests the wing lip at each instant

The leading edge of the propeller portion of the wing is caused to move up and down, synchronised
with the wing position so as to allow the airstream to meat the lsading edge cleanly. Strange as it may
seem, the mere action of oscillating a wing up and down whilst moving forward, actually produces thrust
by virtue of the fact that lift is always at right angles to the airstream. So that in position (b} the lift
is angled forward giving a resulting thrust. Thrust is generated between position (a) to (c) reaching a
maximum at position (b). There is no thrust at (a) and (c), but there is a small amount of forward thrust

at (d). provided a small amount of nagative lift is tolerated on the outer portion of the propaller.

The peak velocity of the wing tip during the down beat must be at least i of the forward velocity
tor there to be any useful thrust to keep tha model sirborne. The flapping rate of three beats a second

is the predicted requirameant to fly the model

to wings at 200 ft. altitude and the immediate result was a tast roll! Fail

safe return of the wings to glide mode worked and a safe landing resulted.
So far so good!

MODEL SPECIFICATION

Merco 29 with a homemade heat sink to keep the engine
cool when the propeller stops and the engine is working
hard flapping the wings.

Wing span: 68 inches.

Weight: 61b.

Construction: Very conventional, sheet fuselage as on modern power
models. Tricycle undercarriage.

Built up, using ribs and spar etc. The wing is covered
with Solarfilm. A symmetrical section was chosen to
overcome difficult geometric problems around the pivot
points on the wings. Each half of the wings is made up
of three hinged sections, all driven in the correct phases,
one to the other to provide the maximum thrust during
the down stroke, and to minimise the reverse thrust on
the up stroke.

Engine:

Wings:

DRAKE ORNITHOPTER DETAIL

Above, the powar unit with clutch driva to propal-

ler and heat sink on cylinder for cooling when drive

is disengaged from the prop. Underside view

(below) reveals the gear drive shaft which acti-

vates the flapping machanism through another

gear box hidden in cantre saction. The clutch is
simple and effective

SEQUENCE OF WING FLAP

Right : a five-stage sequence of wing activation.
Top: the wing in tha “"fail safe’” glide position.

Next: the wing halfway through its downbeat

Third photo shows the wing at the bottom of its
down stroks

In four the inner section of the wing is in advance
of the outar tip (the propelling part) on the up
stroke.

At bottom, the inner section of the wing has
reached the glide position whila the propelling sec-
tion has still to move upward.

These photos were taken wsing the Editor's
motorised camara during a demo drive by using a
motor starter. Draughtsman Pat Lloyd who pra-
paras the Annual drawings, is holding the fuselage.




“That new member’'s walking away with the ornithopter event.”

John Drake contemplates the next move—a few heart-stopping moments before the ﬂum_.uu*- n_-_...mmq held
the wings to glide pesition were enough to make all the effort worthwhile—on with the experiment!

Monika Lake (18) one
of the many lady pilots
of the “Gossamar Con-
dor” (including a hand-
some grandmother—
Mrs. Oldershaw) flying
at Shafter., October
1977. Slow airspeed
enables runners to
assist at critical take-
off stage. Single spar
has been called the
“longest beer can yet
made”. Don Dwiggens
photo. Paul Mac-
Cready's 1978 Gos-
samar Albatross has a
narrower wing.

PROGRESS
WITH

MAN
POWERED
FLIGHT
When Bryvan Allen completed the famous figure of eight course to win
the £50,000 Kremer prize on August 23rd, 1977, he proved himself to
be an exceptional athlete. For in the intervening year, despite other
generous prize offers by Henry Kremer, no other pilot has repeated the
achievement, flown for three minutes or completed the less strenuous ““Sla-
lom™ course. It took 7:27'5 to make the winning flight at an average speed
little over 10 m.p.h. Other machines have flown in 1978. ““T'oucan™ was
rebuilt, tested over short hops of up to 160 metres before its retirement
to the Shuttleworth collection and in Japan, the “Ibis” completed an 1100
metre first ever flight in 2:15 with Hiroshi Turui at the pedals.

Tip sails characterise
the latest Nihon Uni-
varsity MPA. Called
“Ibis”" it obviously de-
rivas from the success-
ful “Stork" with
shortar span and length
and though in the same
waight category
(751b.) as the “'Con-
dor”, it has little more
than one quarter of thea
wing area. 67 ft. 11in.
span includes neaar
vartical winglets, an in-
novation to reduce in-
duced drag. In the U.K.
and U.S.A. there are
other new ideas
centred on side-by-side
linked span machinas,
the first of which is
Admiral Nick Good-
hart's ""Newbury Man
Flyer''. The ultimate
challenge to cross the
English Channel is a
stimulating target
coupled with the
largest prize in aviation
history of £100.000.



Wing Span 96 Feet - Area T60 Square Fegt - Aspect Ratio 12-8.
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Bryan Allen rides to wictory in the
“Condor’’ (left), the tilting foreplane
guides the ulta-light asroplane around
the slusiva figure-of-sight course. Al
right, the first "Condor” was lighter
still, had single surface wings and no
fairing around the pilot. It made many
flights at Mojave with Gregg Miller a1
the pedals, but use of the Lissaman
asrofoils in the second wersion trans-
formed its performance. See drawings
on next page. Don Dwiggens photos
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115 ins.
1056 sq. ft.
84 lbs.
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1976 and 1978
WORLD
CONTROL-
LINE

STUNT
CHAMPS

Bob Hunt, 1978 control
line champ at Wood-
wvale with his foam wing
“Genasis’” and its 0.5.
40FSR Schnuarle-
ported maotor which
drives a three-blade
prop. Bob only nar-
rowly defeated fellow
countryman Al Rabe in ’
one of the closest con- s R o T AP e

tests ever known. i i O, ~ARGR RS LT

The three U.S.A. team members and ex-champ MacDonald filled four of
the first five places in the 1978 finals at Woodvale. Their superb display
was only rivalled by Compostella (Italy), Billon (France) and Hara (Japan)
who now form the elite in control line aerobatics. Beautifully finished, and
having the sleek lines now customary on American stunt models, these
designs will influence world thinking. In fact many of the supporting com-
petitors also flew “Genesis’ or “Stiletto’ derivations. This meeting also
saw the first serious use of foam wing structures, which happen to be Bob
Hunt’s speciality. Details of the differing structures are evident in the
drawings which follow on the next pages.
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Les MacDonald, 1976
Champion at Utrecht,
prefers built up wing
and tail structures, and
in this latest model had
added ribs and dis-
carded the leading adge
sheeting. Les was
fourth in 1978, just
ahead of another ex-
champ, Bob Gieseke
{1974).
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LIVING WITH HISTORY

by Frank Zaic
From a busy lifetime of experiences, the maestro reminisces . ..

1 MET Kurt Hammerstein, by chance, at the Greyhound Bus Station in
Buffalo in June 1937. This happened when I found someone else just as
anxious as I to get the front seat on the bus by arriving early at the
boarding gate. But it seems that Kurt was even more anxious than I, as I
found him at the gate ahead of me. There is something about the front
seat that makes an early arrival at the station worthwhile, especially for
the night ride. At night, the front seat is the first seat on a cruise through
the milky way and the galaxies, with stars and comets rushing towards
you, and distant pinpoints of lights coming slowly towards you. .

As soon as we were outside of Buffalo, riding at a steady, rhythmical
pace through the dark countryside, Kurt and I began exchanging our
personal histories and experiences. Yes, we did get the front seat to the
right of the driver, with Kurt by the window, and we were young enough
to start talking to each other as a matter of fact. He told me he was
German, going on seventeen, and that he was on a straight-through trip
from Pasadena, California, to New York City. In Pasadena he had
attended Pasadena High School. I could see that he must have been a
popular boy; he was tall for his age, with clear blue eyes and a spray of
blond hair. He had expected to stay in school another year, but his family
in Germany had called him back.

At the bus stops, while other passengers drank hot coffee to offset
the chilly night air, Kurt and I had ice cream. Oh, we were very scientific
about it. We knew that ice cream had lots more calories than coffee. Just
give the ice cream a chance to get into our system, and we would feel
much warmer than folks who had hot coffee with its short hot blush.
We had ice cream at every stop, even at 5 a.m. when the eastern horizon
had just a tinge of blue. I can still hear Kurt crunching on the cone, and
see the contented look on his face as he made the ice cream disappear.
I had practically no money, but he had less. So he was my guest.

As the bus rolled towards New York, we kept on talking. He told
me his father was an officer in the German Army, and that his H..EEE
lived in the suburbs of Berlin. I mentioned that 1 would be going to
Europe in a few days, and that if I was near, or in wn_.:_.:.u would look
him up. Then he mentioned that he would like to stay in New York
for a while until his ship sailed, but he knew no one there. The nearest
friend of the family was in Connecticut. So it was only natural to offer
him the use of my rooms while I was away, and it was arranged he
would see his friends in Connecticut and then go back to New York and
use my rooms. When we arrived in New York, after being together almost
12 hours, we exchanged addresses, and then parted, never to see each
other again.

As many travellers have learned, one can never tell what will happen
on a journey, especially if one competes in International Model Aeroplane
Meets. It just so happened that we had such a Meet in England in 1937,

§ -

and I was a member of the American team. One of the twelve countries
that took part was Germany. During the Meet, the German team manager
invited us to go to their National Contest in Germany in August. Since
I was able to stay in Europe until then, I took advantage of this offer,
as did five Englishmen.

The visit to the German National Model Aeroplane Contest and
the subsequent visits to their aeronautical educational schools, is a story
in itself, but at present it has only academic value. After the Englishmen
left, I stayed in Berlin for almost another week, still a guest of the Aero
Club under personal attention of a tall, party-uniformed Major.

Towards the end of my stay in Berlin, I asked him if it would be
possible to telephone a family whose son I had met in New York. I
showed him the name and address Kurt had given me. As soon as he
looked at the name, his head snapped towards me, and he said: “Do you
know Hammerstein?”’ I said yes, and then explained the New York
situation. Although Kurt had told me his father was an officer, he did not
tell me that he was ‘“General Hammerstein”.

Well, after that, my Major was all puffed up with importance and
he always had that perplexed look on his face when he looked at me, just
as though he was asking himself how was it possible that I knew Hammer-
steins while he did not. He called Hammersteins and found out that Kurt
had not yet come home. Yes, they knew me from Kurt’s letters, and could
I come out to them for a visit. Could I come for a visit? I sure could!

My Major had no trouble finding transportation for me. And what
transportation! A Mercedes-Benz limousine with a uniformed chauffeur
and his partner, and with flags on each front bumper. And there I was,
sitting nonchalantly in the back seat with my Major, just as if I had been
used to this kind of service all my life. I mean, for young folks, that was
living!

Kurt’s home was, naturally, in the best part of Berlin’s suburban
area. It was an estate with ivy-covered walls and a grand formal garden.
Unfortunately, now that I look back, his mother and father were not home,
but his older sister and younger brothers made me feel welcome. She
spoke school English and we were able to keep up a conversation for almost
two hours. They showed me their home, but I only remember the room
in which the walls were covered with heads of mountain sheep shot by the
General in the Alps. Later on we had coffee and cake in the garden. All
this while my Major and Mercedes transportation were awaiting my
pleasure.

Now, this experience, rich as it was with gratifying incidents,
would be just one small conversation piece about something that occurred
while travelling and moving with the tide, if it were not for one special
exception; the fact that Kurt’s father was General Hammerstein.

In 1956 I was glancing through a book on espionage, I think it was
the Silken Cord, when 1 came to the chapter that described the attempt on
Hitler’s life. At the end of this chapter was a list of persons who were
involved in the plot and who were later on executed. My eyes were sweeping
down the list when my heart made a sharp jump. There, on this historic
list, was the name “General Hammerstein”.

Sometimes I wonder what happened to Kurt.
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KACHNA H 's THE ART OF THINKING BIG

CAMNARD R/C RUDDER OMNLY

- 430

by Lee Taylor
BY KAREL SIMA (From ““Model Auviation”, U.S.A.)

MLADA BOLESLAY CZECHOSLOVAKLA

=120 Wy ] AMONG MANY pipe-dreams modellers have always drooled over are the big,
beautiful scale models. Picture, for example, a one-third life-size Stearman
sailing overhead. Sunlight sparkles off the huge wings and the steadily-
1240 won spinning prop. The big biplane pulls up and gracefully completes a loop.
It rolls majestically. A dream? Not any longer. The day of the big model
has finally arrived.

There were always a few people who felt they had to achieve these
dreams at any cost. Bill Bertrand often heard comments that his }-scale
Fokker D-VII flights were the highlights of the U.S.A. Nats. Ed Morgan
in Las Vegas was flving a nine-foot J-3 Cub with an engine made out of
two McCoy 60’s, when most of us thought a plane with a -45 was a monster.

Evervone was enthralled with these big birds, but they were far out
of reach for the average modeller. The machine work to modify engines,
the insurmountable task of designing without anything to go on as to
. structural technique, flight dynamic requirements, usable materials, not

| . caont wing [ to mention the poor reliability of radios at the time, were too much for

| :amu“un_.. N SECTION : all but supermen.
' . —t+— | scaterz [ All that is changed now. Nine-foot J-3’s. Champs. Citabrias, are
o . \ becoming almost commonplace and far-out designs are popping up all

over. The catalyst for this explosion had been the arrival on the market
of really big, bolt-in engines that require no more work than anv other
model engine to get to run, and have the lifting power to cope.

Our biggest problem has always been lack of power. Regardless of
what some people have preached, a nine-foot plane with a -60 for power,
does not have generally acceptable performance. It can be done, but it isn’t
good enough for everyday fun. Even the big O.S. -80 struggled with most
of these models.

Then, about two years ago, things started to fall into place. Radios
\ﬁ developed to the point that they were no longer a limiting factor. Really
REAR WING SECTION ; ,ﬁ good builders and pilots were becoming bored with the same old sized

__SCALE )2 2men /& models that everyone has been building for years. Competition had
ﬂ\

SCALE 1:12

m
R E——— spruce & x 3

| ,

developed to the point that only the super-dedicated had any chance of
% winning. People started remembering those sparkling daydreams and ask-
Ing themselves “Why not?”

MODELAR CZECHOSLOVAKIA



On this scene appeared Canadian Ron Shettler quietly saying he
was marketing a 2-0 cu.in. converted chain-saw engine, especially adapted
to model use, to be called the Quadra. To say that Ron was a visionary
would not have stretched the point. Most sneered when the idea was
mentioned. But a few people tried the Quadra, and liked it, and the big
plane movement got off the ground. Manufacturers actually started mak-
ing products intended for these monsters. Suddenly, Quarter-Scale, and
bigger had arrived commercially. New, very good engines made their
appearance. They were not, of course, the first in the field. Chain-saw
motors have been used by Mick Charles and Jim Davies in large-scale
models for film and publicity work in the U.K., but there was a restraint
on further developments.

The real announcement of the birth of Quarter-Scale came last
year at Las Vegas, when Eddie Morgan brought the dream of his lifetime
to fruition with the first annual Quarter-Scale National Fly-In. With little
advertising, 32 monster models and over 100 modellers showed up to
form the Quarter-Scale Association of America.

Most appealing is the diversity of engines that are becoming avail-
able. They range all the way from some of the newer “little” -60’s that
are earning the reputation for being excellent for the lighter biggies, on
up through -80’s, -90’s, 1°4’s, 1-5’s and, finally, Shettler’s big 2-0 Quadra.
Of course they are not exactly cheap. Most follow the standard glow
engine concept, some are converted industrial engines, and some, like the
Quadra, retain the ignition of such industrial engines. Several manu-
facturers have come out with reduction drives to allow the standard (and
proven) -60’s to swing a much bigger prop. Large propellers are available
at quite reasonable prices. Wheels, hardware, and new accessory products
are showing up so fast it is hard to keep up with just exactly what is
available. In general, monster scale has arrived.

Of course, being the “‘new baby”’ that it is, the man who is about to
become a first-time ““parent” is faced with a whole new set of bewildering
problems. Many, if not most, of the techniques he has learned in the past

Glen Hargraves' five-cylinder four
stroke radial is made in Ireland and has
a high demand., It is more a novelty than
a practical powar unit for big models
but can fly a moderate weight modael

When the Editor Eu:_w.m ID:
Shettler in August "78 .:.._u first
Quadra was demo’d. Since then
many thousands of the simple
chainsaw two-stroke have
been put to good use in models
around the world and fulfilled
the dream of big-stuff flying.

need to be modified, or even forgotten, and new ones learned. “What
materials do I use?” “What is strong enough?” “Can I find a cheaper way
of doing 112" “What engine will work best with the model I want?”’ “My God!
This turkey is going to weigh 25 pounds!” Once the serious work begins,
the almost unanimous reaction is a panicky call for help.

While there is no way that any one person can take it upon himself
to answer the questions that everyone has concerning models of this size,
I will attempt to describe what I think is a good way to go. I see two
major problems that almost everyone has faced when starting these big
birds. First, of course, is what will work when building. Second, and
very important, is pilot ability. These big birds fly very, very well, but
they also fly quite differently from “regular” models, and a little thought
and practice beforehand will save some anxious moments in the air.

If you can stand waiting just a little while before starting your
big bird, I have a method that will save you some grief in the long run.
Buy a Sig J-3 Cub kit, the long wing original, not Hazel’s clipped-wing,
and build it. Mentally make a nine-footer out of it, take your time, study
the construction as you go, and think of various ways that you might
change things here and there to strengthen it. Think in terms of thin
plywood instead of balsa. The Cub was designed many years ago. Its
construction is very similar to what is used on most of the biggies, and you
can visualise many of the problem areas that might crop up later with
your biggic.

For example, if you look closely at the kit and analyse it, you might
see that the corner longerons are balsa, and are exposed to bumps or
bangs. Wouldn’t those be better if made from small hardwood dowel, so



that they might not break so easily? And what about that wing strut
attachment? Sure, it was good enough when this plane flew virtually free
flight with an -09, but will it stand up to the stresses of a modern-day
engine pulling it through snap rolls and spins? That cabin structure looks
flimsy: all those windows make for very little structure to hold the wing
to the fuselage. Dowels spliced into all the window posts, running all the
way up into the wing root area, and down into the fuselage, to tie every-
thing together will add immeasurably to the strength. The tubing structure
in the windshield. It can be made out of wire, running down deep into the
corners to help tie the front cabin together, and helping a lot in the struc-
tural rigidity of the forward section.

A quick reminder here. As you are doing this experimental building
with the Piper J-3, be sure mentally to blow it up to monster size. Get
used to thinking about what kind of forces and strengths you shortly will
be dealing with. Remember, you will no longer be dealing with just fairly
moderate forces. The engines you will use put out fearsome power. They

Top. the superb engines of Wim
van der Hoek (Netherlands),
the 54 cc Vee-twelve, 26 cc flat
four and 25cc five-cylindar
radial —all working four
strokes. Left., the Swedish
Damo 19cc four stroke twin
produced commercially and
now appearing all over the
world.

Mick Reeves (World Scale Champ ‘78) joined two

HP61 cylinders for this 20cc twin. Right, is the

Master Climb Products 2:1 drive for 60 to 90
engines claiming 101b. thrust.

are big, heavy, and when you get that much metal charging up and down
in a cylinder, swinging 16, 18 or 20in. props, the vibrations and stresses
are no longer something that simple balsa wood and model cement can
handle! You have to start thinking about how your structure can be
designed to help out and, for once, you aren’t going to be worrying that
much about weight, at least in the nose.

Cover the model with silk or double-covered Modelspan. Get used
to the idea of building and covering a model again, rather than just
wrapping it up like a package in plastic wrap. Many of the Emmmw birds,
and the little J-3 also, are designed with the covering in mind to add
structural strength and rigidity. The plastic films do not do this, and if
you use them on the biggie, you are going to lose a great deal of the
strength that was designed into the model.

As you are doing the covering and painting, be aware of what you
are doing. This is the point where you can really pile on the pounds if
you become sloppy. The point here is to get a good finish with the bare
minimum number of coats. Start with the structure very well finished,
without bumps or dents which you need to fill later with body putty. Put
the covering on smoothly and evenly, taking time to pull out wrinkles
and smooth out all seams. A little extra time here will save hours of
sanding and filling and, more importantly, pounds of weight. What 1s a
brush stroke on this Cub model will be a bottle of paint on the biggie!
Practise doing things right the first time, so that you don’t have to worry
about repairing the goofs later.

Plan on powering this plane with a good ‘19 or -25. Do not use
more power than this. If you do, you will negate many of the training
aspects. Use a full 4-channel radio, with normal controls. Stick in a para-
chute drop for fun.

Now comes the fun part, but some of the hardest work. You must
learn to fly this beast. Remember that stick that controls the rudder? Yeah,
the one that you use for steering on the ground, but have always forgotten
about once in the air. From now on you cannot forget about it in the air.
It is going to become just as important as the elevator, and more im-



portant than the ailerons. Yep, you have to learn to fly both sticks, all
of the time. That is why you built the little J-3.

Itis an excellent trainer for our purposes, and is one bird that flies
rather poorly if you don’t do it properly. You will start to learn about
taildraggers, and nice, gentle landings. Any other kind will get you in
much trouble. In the little bird, a muffed landing will only bruise your
€go, assuming you did all that beefing up we talked about earlier. In the
biggies, with 15—30 pounds, you will bend something major if vou blow a
landing. Even something as minor as a nose-up becomes a catastrophe.
Those big props cost a lot.

I'll tell you a little secret I have used for several years. If you will
learn how to wheel-land that J-3, and will use that knowledge on the
biggies, your landings will be much less of a sweaty proposition than if
you use the standard full-stall touch-down. Reason? In the full-stall land-
ing, control is lost at the moment of stall, hopefully at the exact same
instant that the wheels hit the ground. If that timing doesn’t happen,
and 1t is rare that it does, you are left with a bird in a ticklish attitude,
out of control, and with no airspeed. A really super pilot can sometimes
recover from this situation. Mostly, the poor plane is on its own, to flop
down any way it can.

If you will wheel-land the bird, the plane literally is flown down
to the ground. Airspeed is maintained all the way through the touch-down,
even through the initial part of the roll-out. Therefore, should things get
out of whack at the last second, you still have some airspeed in the bank,
and can use that speed to give you an extra edge to get out of trouble.
I'm not saying that you now can get out of any situation. You still have
to have a cool head, but at least you have a little something extra to
work with.

The secret to a good wheel landing is a little extra airspeed. Carry
that airspeed right down to the flare, and instead of trying to hold the
plane off, concentrate on getting it into a level attitude just about an inch
off the ground. In other words, instead of flaring, just break the glide at
ground level. Now comes the scary part and the need for skill. With the

V-Power by Jankins RC anables

one to pair 40 or 60 engines

onto one shaft. Comes in kit

form and calls for exhaust

mods. Ratios are 3:2 and just
under 2:1.

D.C. Engineering make these units for 40 size enginas to power 60 size models—a variation on the geared
3 prop theme.

plane at one-inch altitude, and in a level attitude, tap in about a quarter-
inch of down elevator, and hold it until the plane loses flying speed. If
everything works out right, the planc will just gently tap its wheels down,
and the down elevator will glue it onto the runway. As the speed drops
off, come back easily to full-up elevator to avoid nosing over. .
Practise this manoeuvre over and over with the Cub, and the skills
developed will stand you in good stead for the rest of your flying career.
Fail to do so, as most people do, and when you get serious .ﬂ..:: taildraggers,
especially the biggies, vou will spend more time repairing than flying.
The full-stall landing is a killer. That’s why in full-scale flving the ﬁm_.m..nﬂ
three-point landing is considered so beautiful. It is darned hard to do!
The wheel landing is much safer, and the tail-high roll-out is the thing
that turns on the crowds. . .
Having built the little one, learning all about the basic techniques
of this type of model, you’ve mentally prepared wacqmm_w.?a.ﬂrn engineer-
ing and “beef™” required in the powerful biggie. Your flying is so beautiful
that every time you show up at the field your buddies put away their planes
in shame, and vou’re hot to trot! What are you going to build? .
Here, I'm afraid that I have to turn vou loose. So far, there just
aren’t many kits available, and only a few plans. In the U.S.A., there are
sets of plans specifically designed for big engines. They are }H.._n_w. mw:..-._m_. S
Pitts Special, and Kraft Super-Fli plans, available in both } and } mﬂ:mu
and Jim Folline’s }-scale Quadra-designed PT-19. Also Sid Morgan’s.
Then there are the Nosen kits, and I am flying a _._nmﬂ_w.-n,_oa_mnn
Nosen Champ. They are very good starting points for anyone. However,



be advised that all of Bud’s kits were designed to fly with a maximum of
an -80 engine and, consequently, they are very light in construction for
the kind of power that is now the norm. They all fly very well, and are
good, basickits. They do require considerable beefing-up and redesign for
the big engines.

Since almost everyone starts with one of Bud’s kits, I will goouton a
limb to mention some of the things that we have all done in flying those
models with the bigger power plants. First off, on all of the Nosen planes
that have wing struts, the design is inadequate (for big engines), and is
just about the single most important change you can make. These struts
virtually take the full flight load. Redesign them with this in mind. Metal
fittings on each strut end, bolted to strong metal attach points at both the
wing and fuselage, is the only way to go. My struts have the metal cable
shackle ends tied together with £” music wire running the length of the
struts.

Second, you would be well advised to replace all the fuselage
longerons with }” hardwood dowel. The balsa wood structure just won'’t
take the banging the heavier birds invariably get, and repairing them is a
major project.

The nose area needs all you can do to stiffen it up. Look over
carefully the wood supplied for this section, and replace any soft pieces
with wood of a good hard density. My bird is covered inside and out with
a layer of 8o0z. fibre glass, back to the rear of the landing gear on the
outside. Since I cut out the door to make it operational, I stiffened the
cabin area to replace the strength lost by this mod. The biggest things I
did were to imbed }” wire into all the door and window posts, and to
make forward pipe structure in the windshield from brass tubing, with
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Exploded view of DUBRO
Prop Drive Unit.

-BRO Prop Drive gives 5:2 ratio ___..:. 60
M__:_.._‘um:uu _._-r._nu a tensioned En_n. ir_n_... gives
approx six hours life. Right. installation in
Nosen Gere Sport Biplana: 0.S. 60 drives 22

10in. prop to fly 24 1b. modal, 8 ft. span.

wire splice pieces soldered into the joints, all ends tied rmmﬂ_mﬂuimc the
structure. The latter mod. alone greatly stiffened up the nose—cabin-wing
e The landing gear has to have some provision for mmﬁzm_.a }M
designed, it is almost totally rigid. Since the gear cannot flex, mﬂﬂnﬂ Hﬂ_.m H
landing will bend it when absorbing the shock. This is some r_cm
we haven’t fully cured yet. There are several solutions that work, but are
still not the ultimate. I have to leave H:_mm one vaoc“ just to make some
. . t you do have some flex in the gear. .
Ec&mnwm__mﬂ_wﬂwwﬂunwﬁﬁn windows. A trip to a plastics store will net ﬂuz
s Plexiglass. Careful cutting will get you some very nice EEQE.,,@ th m_m
are even scale thickness! While you are there, pick up some very HH_M
acetate or butyrate sheet (040 or thereabouts) for the front windshield.
Now, as to engine choice, in general there are two M.Eumm of nﬂ%_nm
available today. These are the m_cmﬂ- n%mﬁﬂm_;%mﬁ MM“_QS the standar
ing layout, and the converted industrial engines. +
Ecmn_:mmm_.m:wﬁﬂm WEE engines that follow standard model design are ._.E”
much different from the engines we have all grown to know mnamﬁﬁm_ jus
bigger. From what I have seen of them, mrnm are all very ﬁoEM..E, MHM
big props, and scream! They are best w:_nma for the more m:ommq, ,E =
planes. There is no reason why they can’t be used in the older bigg
planes, but they don’t match the character of those mzw_mmh. o ol Be
The very light biggies, such as the Nosen J-3 and Cha __P. i
most satisfactory with glow mnwm:mm, such as the “cqmd_.m ‘90 or one
i . its, of which there are several. o |
Hnasnﬁ_%r%ﬂwmnmww_wﬂwfa engines are usable in the :mrﬂ“ﬁ. biggies, but are
most at home in something like a Nosen .Qﬁnwznq or p-mu:mm. e
Secondly, we come to the piéce de resistance, :._ndnw:.m .MNWM a.r.m:m:w
big, hulking monster prop-swingers. The Quadra can be use
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shows where it has been

axpertly operated by Dave
Wright.

any big plane, but is most at home in one that matches its own bulk,
such as the Nosen, Mr. Mulligan, or a }-Pitts. One of the most impressive
sights I have seen was Jim Jacobson’s 23-Ib. Mr. Mulligan taking off on
its maiden flight with the big Quadra growling away up front. That
aeroplane rolled about 75 feet, pointed its snout up at about a 30" angle,
and just clawed its way, growling, into the sky. There wasn’t any real
speed, just an awesome feeling of power. The closest comparison 1 can
make was a 3000 h.p. Bearcat snarling away from the Reno runway. That
is the kind of bird the Quadra was born for. It sounds so good!

I have a Quadra in my Champ, and 1t flies the plane very well.
However, the engine completely fills the firey all, and the cowling s slightly
oversize for scale. There are engines that would be a better match.

The Quarter-Scale Association was formed at the first LLas Vegas
National Fly-In, October *77. We are devoted to the building and flying
of Quarter-Scale, or very large models. We believe that each and every
huge model that is built is unique and special unto itself, and that there-

el U b 1-._3.

Quadra power in this Sherber half
siza(!) Pitts as flown at Woodvale dur-
ing the 1978 World Champs. Weighs
271bs and flies well on an 18-6in
Zinger prop. Builder is Bob Davis (laft)

5. "Big twin" four stroke is _m.._..._nn. as sean
H”Mtﬂ.'" Nurnberg. Right, is Andy Sheber's Super-
Drive for the Quadra has 2:1 ratio, turns a 24<10in
prop up to 4,600 r.p.m., producing 22 Ib. of thrust

fore competition between them would be a sacrilege. Competition mEﬁ.ﬂ
matically implies rules and rules are restrictive. Basically, we are a bunc
of individualists who wish to build what we want, how we want, mbm_
to get together with others to share the joy of achievements. We don’t
want those efforts formally judged, because every one of us is a winner in
inds. .

o n._:WE. primary purpose is to provide a rallying point Ern__.r. anyone
interested can get information, and share that which he has. We want to
get together for fly-ins, Q.S. picnics, and barbecues, have a blast with our
biggies, and enjoy the company of E:E.. guys __r.n. us. A ._...mfam_nﬁnma 1S
being published that is rapidly growing into a mini-magazine. It S_HHT
centrates on the type of information that is so darned hard to come by.

If you are interested in the Q.S.A.A., send me a double-stamped,
large self-addressed envelope, and [’ll send you a copy of the first news-
letter. (Lee Taylor, 329 C St., Roseville, CA 95678.)

Remember. Big is Beautiful! (The Q.S.A.A. motto.)
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Glowplug conversion using the
standard lin. plug in a big
blank, makes the 56 cc¢ Rowena
a wvery wuseful two stroke—
popular with the Jim Davis
team. Also with Tony Cummins
af Chester, who built this big
scale Isaacs” Fury
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DIFFERENTIAL MAKES A DIFFERENCE!

by Claude McCullough
(in “Radio Control Modeler™)

SOME R/cC fliers assume that ailerons should always be hooked up with
equal up and down movement on either side of neutral. This is the easiest
way and most standard pattern designs seem happy with equal aileron move-
ment. In fact, some pattern designers are opposed to differential (as un-
equal movement is called). On models with fairly light wing loading, laid
out to the requirements of a cut and tried formula emphasising symmetry
between upright and inverted flight, tinkering would be daring and might
be unprofitable. But this doesn’t prove a case can’t be made for aileron
differential, particularly on scale models.

Let’s take a look at why. As one aileron goes down and the other
goes up, lift is increased on the first wing and decreased on the second,
causing the aircraft to roll in the direction of the raised aileron. Simple,
except the problem here is that the down aileron also creates a certain
amount of drag at the same time which pulls the nose of the aircraft
toward the down aileron side—just the opposite of the desired turn. At
best, in some R/C models, this spoils the looks of manoeuvres (unless oppo-
site rudder is fed in) and at worst can louse-up controllability completely.



‘The cure for this disease is to introduce a correction such as chang-
ing the movement of the ailerons so that the one going down moves less
than the one going up, creating less drag in the process. You may be
flying with a differential in movement already and not realise it. Fig. ;
shows a common type of aileron construction used on many scale models
as a building convenience. (In at least one full size prototype, this is the
exact scale cross-section, the only difference being that the hinge has an
even more practical location on the top surface of the wing, instead of
below the planking. The designer of the Shinn 2150, now back in pro-
duction in Phoenix must have been a modeller!) The rearward location
of the horn behind the hinge point in Fig. 1 gives less down movement
and more up. The farther back the horn is placed, the greater the dif-
ference between down and up. This principle can also be applied to other
aileron cross-sections.

William Bros. make 60 and 120° nylon bellcranks which produce
differential movement. Fig. 2z shows hook-up of the bellcranks to the
ailerons. Note that the amount of movement can be increased or decreased
by moving to appropriate pick-up holes, as is shown here for the aileron
pushrod. The servo pushrod can also be shifted. Moving to other holes
does not affect the differential, which is set by the angle of the horn.

Back in the early days of pattern flying, another way to eliminate
the effects of adverse yaw was often used. Ed Kazmirski put Frise
ailerons on his pioneer Orion and others followed the example. He said
at the time that the aileron hinging of the Piper 4 pache inspired him to
try the idea. Fig. 3 shows the Frise aileron configuration. Any time you
pick a scale subject having Frise type ailerons, be sure and use them.
They will get extra scale points during judging as well as improve flying-
performance. As for Ed. he dropped Frise ailerons from his next design,
the classic Taurus, and opted—as everyone soon did—for the simplicity
of strip ailerons that Harold deBolt had popularised. Differential can be
easily introduced into strip ailerons by bending the wire horns away from
the servo if the horns are below the wing (as on high-wing model) or
toward the servo if they are above the wing (as on a low-wing model).

Bob Karlsson, U.S. Scale Contest Board representative from
A.M.A. District IV and a long time scale and pattern flyer, believes in
differential. Bob told me in a letter, “Differential aileron deflection is
very often required in scale models. I’'ve flown a model Smith Mini-Plane
that at half speed turned the wrong way, due to the high drag of the
down aileron! Our Curtiss Wright Jrs. required almost no down aileron
at all. Most parasols behave this way, especially if they have dihedral. The
more dihedral, the more differential required. We had a guy who put
ailerons on an old deBolt Champ. It would not turn at all with ailerons.
When all dihedral was removed, it responded fairly well. Differential made
it almost normal.”

Karlsson feels that the required amount of differential is hard to
determine in advance, so he has worked up the system shown in Fig. 4,
using a rotary servo wheel. For equal up and down movement, the aileron
pushrods would be hooked into the centre hole. The further to either
side of the centre hole the pick-up points are moved, the wider the dif-
ferential between up and down movement. It can be carried to the point
that no down movement of the aileron at all takes place.
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I’ve always incorporated differential aileron movement in my scale
designs because m.._m__ ummnnwu.mnznn and theory said it was the way to go. Even
though some were fairly heavy, they flew and manoeuvred in a docile
and no-vices manner. Given my below average piloting co-ordination,
that is the type of flying I’m interested in. When checked out by better
fiyers, aerobatics did not seem to be adversely affected. So a n_:nmz.mn
suggests itself: “Is equal movement of ailerons really the best for the
specialised requirements of pattern aerobatics or is m:.q. just a common
consensus opinion that has not been tested recently? I know there are
some dedicated pattern flyers who put in many long hours of practice
trying different model set-ups. It would be interesting to hear m_d..._..ruuw
who can comment on observations of performance with and wit o:#
differential. When it comes to models, regardless of what a Ena_.mmwcam
says, there is no substitute for some practical, rule of thumb tnals o

what works and what doesn’t work.
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£ | INDOOR CO, MODELS
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= _ by Ian Dowsett
F- .
_ = “ .
_ . MY INTEREST in CO, powered models has now extended over many vears
5 . N £ and with the advent of the new generation of CO, motors, I happened
5 A % to be in the right place at the right time to be asked to test several of

these new engines. These small lightweight models appeal to me, even
more so when one realises how quiet and efficient they can be. Qutdoors,
flights of 2—3 minutes are quite common but when I first saw them being
™ used indoors in the airship hangar at Cardington I was so impressed I
knew I would have to build one. T'alking to two of the regular indoor
m flyers, Ron Green and Geoff Lefever, gave me plenty of ideas which
quickly took shape to become the model you see here. It follows some
of the American }A designs having a large wing area and is built as light
as reasonable structural strength permits. The all-up weight with the
Telco motor is 26 g. The first six flights gradually increased from 4 min.
I6sec. to § min. 39 sec., then came that glorious flight of 6 min. 42 sec.—a
new record! Motor run on this flight was 4 min. g40sec. The model cruised
around for 2 minutes at under 20 ft. and only after that, began to climb
away.
i Covering is 4 thou. Mylar and the wing is cotton braced. The prop
1s probably the most important part of the model. The times first achieved
were with a 7-in.-diameter prop but one of 9-in. diameter has also been
tested. It is most important to use the initial low power of these CO,
motors effectively, taking, say, 3 minutes to climb the first 25 ft. then
using the faster climb to reach ceiling height—then hopefully a superb
glide. This model could be capable of 10 minutes on a good day but like
all of us my mind is already churning with ideas for the next design. This
will have some features of the Gossamer Condor—wing surfaces covered
top and bottom and probably around 48-inch span, weight 22—24 g. and,
of course, a big prop. Dare we hope for 15-minute flights? I do!
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AEROSPLAI SPAIN

Ist FAG KALTENKIRCHEN
“FLYING WING” CONTEST

Werner Thies (Kaltenkirchen)
Translated by Hans Justus Meier

IN SEPTEMBER 1977 the Flugtechnische Arbeitsgemeinschaft of Kaltenkirchen
(FAG Kaltenkirchen) conducted a noteworthy contest for radio-controlled
“flying wing”’ sailplane models; noteworthy because of the type of model
flown and the novel competition rules used.

The models were flown in a stiff easterly breeze along a 30 ft. dune
and had to cover a 100-metre course ten times. This new type of contest,
initiated by Werner Thies, requires a model capable of flying at high
speed and under precise control ; only models possessing high manoeuvr-
ability stand a chance to win a top place. In order to avoid ultra
specialisation of model design a second criterion was introduced in the
form of an altitude flight, with height measured across the top of the
ridge, using a theodolite.

As the readers may remember, Werner Thies has made it a habit
to evaluate contest results from a statistical point of view. The picture he
derived from the figures and data is certainly interesting.

The Models

The absence of out-of-the-rut types, so often encountered in earlier
years, was evident; in fact, few of the models belonged to the experimental
class of flying wings, both as regards design and dimensions, the majority
of them featuring the rather “classical” wing span of about 2500 mm.

) While the builders of flying wing models generally aim at very low
wing loadings now (having been severely handicapped in earlier years by
unfavourable competition rules which required bringing free-flying wings
up to the minimum wing loading specified for standard type models,
although the “wings” could have been built much lighter) the models
entered for the FAG Kaltenkirchen contest featured wing loadings in the
25 g./dm.? region. Jurgen Landscron’s model—which in the altitude test
reached a height of 28-5 metres, not at all bad—had a still higher wing
loading with 34-3g./dm.2.

Under the prevailing conditions, the stiff breeze reaching a velocity
of 12-15m./sec., the decision to enter models with heavier loading proved
to be a wise one. These models seem to have been much lesser handicapped
than a light loaded model would certainly have been.

The writer has been unable to discover a definitive trend re wing
geometry; it seems a bit too early to try to come to any conclusion in this
respect.

Moderate sweep angles ranging from 10° to 15° were used, with
Several competitors using no sweep at all. Of the latter some in reality



Ieaturea signt negative sweep ol the quarter chord line—the aerodynamic-
ally correct way of defining sweep angle. The model flown by J. Landscron
proved an exception again in this respect—featuring a forward sweep of
8°.

While the “flying plank™ type of model as a rule does not suffer
from wing flutter, the swept wing now and then does when flown in the
high-speed regime. It seems that flutter occurs mainly with models
equipped with ailevators, that is a combination of aileron and elevator,
when these control surfaces are not properly balanced statically.

With the exception of Dieter Paff, all contestants used Eppler airfoil
section E-174-182 and 184, respectively, with very good results. Wings
using the E-174-182 sections proved to be adequately stable only if used
in conjunction with at least four degrees of washout. Models lacking built-
in washout of this order had to set their ailevators at slight negative angles.

All models entered featured a centrally arranged vertical tail. Very
little experimental data s available concerning the proper size of the short-
coupled vertical tail surfaces. The product of fin moment arm and size is
called vertical tail volume. A vertical tail (or directional) stability factor
can be obtained by introducing wing area and semi-span values into a
formula which reads Fb)

b2

rS.F|S

(with F—wing area, b/2 =semi span, rS =moment arm, F/S —fin area).

For the average R/C sailplane model of conventional configuration
the directional stability factor should preferably be about 40 (large
value =small fin area and small moment arm, respectively) although values
ranging between 20 and 50 will be encountered.

With comparative data on tailless sailplane models being too scarce,
it is difficult to select an optimum value for the flying wing type of model.
With wing sweep angles and lateral area in front of the centre of gravity
being factors which must be considered, it is necessary to collect more
statistical material on this matter. In any case, the largest possible figure
should be aimed at. Fins, too, produce drag and drag is something which
must be reduced to a minimum in the quest for performance.

The stability factor of Dietrich Altenkirch’s model with its
moderate sweep was 71, that of Claus Stange’s was about 67, while that
of the swept model of Helmut Lange, who claims excellent control char-
actenistics for this model, was 95.

Hans Jurgen Wolter, a DC-10 pilot by profession and for years an
ardent model flyer, had the following to say about his model, which sports
a wing span of 2240mm. with a root chord of 420mm., the moderately
swept wing tapering to 230mm. at the tip, resulting in a wing area of
72-8dm.%.. “During early flight tests it became evident that longi-
tudinal stability could not be obtained with the centre of gravity positioned
at the calculated station—17mm. aft of the leading edge at the mean
chord station. The trailing edge ailerons with their 169 of wing chord
depth and linear throw characteristics induced strong yawing oscillations
which made a controlled circling flight nearly impossible. Ailerons using
differential throw improved the situation somewhat, but it took an enlarge-
ment of the vertical tail surfaces to obtain positive control in turns.”’ Initial

-

&0

BLAUMEISE
BY CLAUS STANGE

“ '

size of the vertical tail surfaces had been 3-4 dm.? (for a stability factor of
approx. 240). After an enlargement to 5 dm.*, obtained by increasing the
chord, the stability factor became 110, approaching that of the swept wing
of Helmut Noffz and, incidentally, thus confirming our assumptions.

The majority of the models had no rudder, rather a fin only, with
directional control achieved via operation of the ailerons. General pilot
consensus was that directional control of their model by aileron was very

ood.
i Itis a well-known fact that aspect ratio is the only means for keeping
induced drag low. A high aspect ratio means low induced drag, particularly
at high lift coefficients (ca); at the lower ones aspect ratio is of lesser
importance. When flying a model of small span a high aspect ratio results
in a narrow wing chord and thus in a low Reynolds number, which is,
of course, undesirable.

The 4-metre span model of Dieter Paff had the highest aspect
ratio of all models entered (18-2), his smaller 3-metre model an aspect
ratio of 13-9. The average figure for the other models was about 10, with
the winning models of J. Landscron and D. Altenkirch sporting aspect
ratios of 8-5 and 9-1, respectively.

The flying wings—in particular the swept ones—were generally
controlled by ailevators, that is a control surface combining the functions
of aileron and elevator. These systems are mechanically quite simple, but
they suffer from becoming sensitive in the high-speed regime and from
their tendency to flutter. . .

About 50%, of the models, in particular those of the “flying ﬁ_uﬁw
type, used separate control surfaces for yaw and pitch control (ailerons
plus elevators). |

As a rule the chord of the control surfaces was about 20-25% of
the wing chord measured at the ailevator root station, their span about
30409, of the semi-span of the wing. Differential control was generally
used in the case of the ailerons, with up throw larger than down throw.

) In their constructional methods the flying wing models did not
differ noticeably from those of conventional-type contest models.
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BY JURGEN LANDSCROMN

Using the statistical data collected on
this occasion for a basis we have come to the
conclusion that the centre of gravity should
preferably be positioned in the 20-229%, of
mean aerodynamic chord region. The mean
aerodynamic chord is here defined as the one
found at that station where a wing is bisected
into two parts having the same area; it is
thus not identical with mean chord.

In the case of swept flying wings of
rectangular plan-form, such as the ones
flown by Helmut Noffz, Walter and Ralph
Becker, the centre of gravity position was
still farther aft, namely at 259, of the chord
at 409, of the semi-span station.

Dieter Paff's elegant 4 metre design
has 1360 sq. in. area, is over 6lb.

FAG CONTEST RESULTS

a2 30—y

Total points (two speed and altitude runs)

1 J. Landscron 3990
2 D. Alenkirch 3935
3. R Sommer 3067
4 H. J Woltes 2695
5. H Nofiz 2428

Speed contest (flight time in sec. per 1000 matras)

1 D. Altenkirch 711 0 653
2 J. Landscron 71.8 713 56.1
3 R. Sommer 90.9 96.0 956
4. H. Noffz 592 926 95
5 H.J. Woher 12886 985 a2
Ahitude comest (hewght in metres, measured across edge of cliff)
1. J. Landscron 22.9 285 27.6
2. D. Altenkirch 366 0 258
3. R. Sommer 311 19.4 17.7
4. H. J. Walter 194 17.3 17.6
5 C. Swange 159 14.3 89
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Originated by the San Diego Orbiteers as a fun event | g a3
for novices to be flown at the U.S. Nationals and also 25m. |
used for a postal proxy contest with attendant publicity : . A 05
in Model Airplane News. The success of this new class 7 — - L =
was immediate. Forty-five entries in the first postal _ - _
event endorsed the success of the formula and it is not : _
difficult to see why. Specifications are extremely simple _ d .
and the common denominators of a standard unmodi- | | _
fied commercial plastic propeller on a 10 gram rubber
motor ensure that everyone starts off on the same foot- _
ing. Initially there was no special restriction on cover- FLY: RIGHT POWER
ing and the single surfaced “Derelict Dip P.30” ran LEFT OLnE i
away with the first event. Subsequent rule change in- TR T G S xS
troduced a standard form of top and bottom'covered S grhat tudy
wing, but the relatively open specification for which SCALE 1:8 _. o el 31
only the span and length dimensions must not exceed
301n. permit a wide variety of design approaches as can
be seen in the following pages. — |
The Rules are: um
I. No dimension of the airplane may exceed 30 in. P
(762 mm.) including the prop and the DT wires. A
2. One unmodified 9}in., commercial plastic free- = STAD SECTION
wheeling propeller. covering 2.5 . st SCALE 1:2
3. Ten (10) grams of rubber motor which must be /\ / \ ), Zim
enclosed in fuselage. = :
4. Tissue surfaces must be double covered. S 2.5% 5 3. e
5. Three minute max (40 second attempt). 3. 2.5%5  WING SECTION SCALE 1.2
6

. Three flight total.
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B PLASTIC FANTASTIC P-30

.G L r ’ length adjust to trim [
u__ 10-12mm from TE. _ i { By . 0.8mm box 0, 8mm box fuseloge
2u L] ] i | b _I * paint _n__vn__..._u\.!.___v. wing mount @ la Parmentier

e e - S Sy e P =, — X7
_ Iy TT de. o o ) § U
5° down thrust
JUmm outside dia. tube peg
Lo 623
0x3_j DOS NOCHES EPE-TRENTA
i ."E
1.5 106 II_ _ DAVE LINSTRUM'S P-3u
‘ 7 ar SMALL FIELD FLIER
h e _ = BY JIM QUINN il
2% | — il (San Diego Omiteers P.30 formula rules)
I*v I 190 22 5q. ]
MOTOR AND AIRFRAME = 60 GRMS FUSELAGE CROSS SECTION
( i I FULL SIZE
i aluminium stirrup 1o wind without prop. _.II o Il.w SCALE 1.8 __ i
g |
x4 _
| |
_ 203
Ix5
WING RIB |
SCALE 1:2 ] =
. —{kT™ g e e 1 p— T
= - s - A m silk wrop fuseloge or
e - I ——— e s — 203 wrop with 3m tope
POWER CLIMB - RIGHT prop. 93 -~ .
try turbulator on wing
GLIDE - LEFT 1Grmim ply | Peck Polymers 40
# clearance ages H Free Wheeier -t use nitrote dope over
FULL SIZE [ u e vintage oero/Peck Japanese tissue
| nside | POWER: 4 stronds L
bross & Sig nbber | 1.5 x 3 top and botom
_ _ 10gr. max. | .
stirnup” # _ ! ] 5
from Smm taick aluminium NOSE BLOCK DETAIL i
' IR RIB5 0.8 sheet 1.5 .
i SCALE - FULL SIZE 190 |uM i \ e e
L10x 3 _ i L 3x3 1.5x3 0.3 sliced arc geodetic rio tios
| orop. shafr _ slot ro locote nose block j 2.5 %
045 wire | il 2 . .
1 o8 m _ = boisa block e 1.5 sq.
lams m
s S _ . Criomincte clearance 12 WING AND STAB SECTIONS  SCALE 1.2
J.f.!f — *

\ 240mm dia.
| 3x3 /T_nr Polymers prop.

STAB RIB SCALE 1:2

/ FULL SIZE PROP HOOK
.1.‘. .
SCALE 1.8
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Dr. Brennig James is a well known glider pilot
and a boomerang expert. He obtained Britain's
Tith Diamond C, with a flight to 27,000 ft in a
thundercloud (wearing a pair of swimming
trunks) and has mada the first 500 kilometre tri-
angular goal flight in the U.K. He first became
intarested in boomerangs when he read an
article by Felix Hess. and sought to develop
boomerang throwing as a serious sport. With
this in mind ha has founded the Society for the
Promotion and Avoidance of Boomerangs.

THROWING, MAKING AND
UNDERSTANDING BOOMERANGS

by Felix Hess
(From ““ Australian Gliding’")

“OF ALL the advantages we have derived from our Australian settlements,
none seems to have given more universal satisfaction than the introduc-
tion of some crooked pieces of wood shaped like a horseshoe, or the
crescent moon; and called boomerang, waumerang, or kilee. Ever since
their structure had been fully understood, carpenters appear to have ceased
m....u_.n all other work ; the windows of toy shops exhibit little else; walking-
sticks and umbrellas have gone out of fashion; and even in this rainy
S€3ason no man carries anything but a boomerang; nor does this species of
madness appear to be abating.”

The quotation is taken from an article in the Dublin University
Magazine of February 1838, called The boomerang, and its vagaries. The
anonymous author was the first to give a basically correct explanation of
the returning boomerang.



In the present article we won’t deal with such matters as the origin
of boomerangs or the use of boomerangs by the Australian Aborigines.
Rather we’ll consider the returning boomerang as a—remarkable—
physical object.

Usually a boomerang is thrown with its plane vertical (or slightly
inclined with its upper part away from the thrower), in a horizontal (or
slightly upward) direction, and with a considerable spin. At first the
boomerang just seems to fly away, but it soon swerves to the left and also
upwards, traverses a wide loop, approaches the thrower, and may descend
somewhere near the thrower’s feet, or describe a second, smaller, loop
before reaching the ground. Generally, the boomerang’s plane of rotation
gradually ““lies down”, so that it may be nearly horizontal at the end of
the flight. It is a splendid sight if a boomerang, quite near again after
describing a loop, loses its forward speed, hovers some 5§ metres above
your head, and slowly descends like a helicopter or a maple seed. One
should stand in the open air to see how very three-dimensional this pheno-
menon is and hear the soft, pulsating, swishing sound of the boomerang
arms moving rapidly through the air.

A naive observer might gain the impression that the boomerang
is in the air for half a minute or so, whereas the real duration of the flight
1s typically about 8 seconds. Longer times are possible: the record duration
of a boomerang flight witnessed by the author was 22 seconds.

A returning boomerang typically reaches a maximum distance of
some 30m. from the point of launching, and a maximum height of] say,
15 m. Lightweight boomerangs for indoor use may have flight paths with
a diameter as small as 3m. On the other hand, specially-designed
boomerangs may reach much larger distances and still return completely.

Returning boomerangs may have various shapes, but they always
consist of two or more arms lying approximately in one plane. An
essential feature is the cross-section of the arms which is more convex on
one side than on the other.

High aspect ratio boomerang by Dr. Brennig James using carbon fibre reinforcemant in fibre glass.
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BATTERIES

WIRE SET
IN GROOVE

LIGHT BULB FIG.1 Left Honded Experimental
AND HOLDER Boomerang with Batteries

and light bulb

A boomerang is thrown by gripping it at one of its extremities,
holding it up with the more convex side towards the thrower’s cheek,
and hurling it forward in such a way that the boomerang is released with a
rapid spin. At the instant it leaves the hand its centre of mass moves
much faster than the thrower’s hand itself. In fact it is not at all difficult
to launch a boomerang at a speed of gok/mh. To impart as much spin
as possible to the boomerang, take care not to move the hand too fast,
try even to stop the hand just before the instant of release.

The angle between the boomerang’s plane of rotation at launch and
the horizon (see Fig. 2) has a profound influence on the flight path. Most
boomerangs should be launched at angles between 45 and g9o". If an
ordinary boomerang is thrown at x—0 —307, it soars up high in the air,
and comes down either fluttering or at a terrific speed.

Usually a boomerang is suited to be thrown either with the right
hand or with the left hand. Most boomerangs are right handed: their
sense of rotation in flight is counterclockwise as viewed from the more
convex side. If such a boomerang is made to rotate in the opposite direc-
tion, 1t generally does not behave like a good boomerang. The mirror-
image of a right-handed boomerang, however, should rotate clockwise in
order to work well. Such a left-handed boomerang is suited to left-
handed throwers. In every respect a left-handed throw with a left-handed
boomerang is the exact mirror-image of a right-handed throw. The flight
Path curves to the right instead of to the left, etc.

] Optimum conditions for boomerang throwing are provided by a
Piece of grassland the size of a football field, without trees or nearby
buildings. The weather should be almost windless, although some
boomerangs perform best when the wind speed is about 3m./s. If there is
wind, the boomerang should be thrown to the right of windward (for
right-handed boomerangs), so that the flight path is traversed almost com-
Pletely upwind from the thrower. Always be very careful when people



FIG.2

Right Handed
Boomerang thrower,
from behind

(e) Rignt-honded

FIG. 3 D ot =
’ Rotation 0
(o) Left-handed Dots indicate centres of meoss

are watching within close distance: boomerangs are capable of inflicting
serious wounds.

The most important feature of a returning boomerang is the cross-
section of its arms, which should be more or less like an airfoil section.
The detailed shape of a boomerang’s plan-form is less important. The
angle included between the arms may vary between 70° and 1307, for
boomerangs of the type sketched in Figs. 3 and 4. Quite different plan-
forms are also possible. Returning boomerangs may for instance resemble
the capital letters: C, H, L, S, T, U, V, X, Y, Z.

Making a good returning boomerang is not difficult. A suitable
material is plywood of o-§—0-8cm. thickness. Fig. 4 provides a fairly
simple example. The dimensions, which are not critical, might be chosen
as follows: plywood thickness: 0-7 cm., tip-to-tip length: 5o0cm., angle
enclosed between arms: 110°, width of arms 45 cm., somewhat more at
the elbow. The amount of plywood required for one boomerang is
socm. x 20cm. The boomerang weight will be about 130g. Saw out the
plan-form with a jig-saw. Bring upper side into desired shape with a rasp
or file. The successive plies will be clearly visible and show whether the
obtained shape is smooth and regular. Leave the underside flat. Round

the leading edges and the tips, and sand the whole surface smooth. If

the boomerang performs well in a couple of trial throws, paint it

all over with glossy lacquer. Bright colours are convenient when the
boomerang occasionally does not return after flying into a tree. For a left-
handed boomerang interchange A and B in Fig. 4.

The cross-section shown has a blunt leading edge, a sharp trailing
edge and a smooth surface. This may not be necessary. Some boomerangs
perform well i_.r._”. rough surfaces or pieces broken off.

The practice of making and throwing boomerangs suggests the
following rules of thumb. If a boomerang “lies down™ too much, soars
up, and does not return, but describes only an open loop, it may help to
increase the “lift”’ on one arm by filing away a bit of the underside near
the leading edge. On the other hand, if the boomerang “lies down™ too
little, so that after describing half a loop it loses height too fast, file away
abit of the other arm in a similar manner. A boomerang’s hovering qualities
may be improved by filing away both arms near the trailing edges, especi-
ally at the tips. If one desires to increase the dimensions of a boomerang’s
flight path, ballast may be attached near both wing tips, preferably inside
the boomerang, or on the flat underside.

The flight of boomerangs is a complicated phenomenon: on the
one hand, the boomerang’s motion depends on the forces exerted by the
air, on the other hand, these forces depend on the boomerang’s very
motion. However, any explanation of the return behaviour of boomerangs
must be based on these two principles:

1. the boomerang’s arms are wings,
2. the boomerang spins rapidly and behaves as a top.

Let us first consider principle 1: the boomerang’s arms are wings.

Just like an aeroplane wing, a boomerang arm experiences aero-
dynamic lift and drag. As we’ve seen, a right-handed returning boomerang
is usually thrown in such a way that its plane of rotation is nearly vertical,
the more convex side facing towards the left. As a result, the “lift”,
instead of pointing upwards as with an aeroplane, points towards the
_.m.m” ; one might, therefore, expect the boomerang to swerve to the left as
indeed it does. However, this is only one part of the explanation.

. Inthe following, we shall refer to a cross boomerang, just for con-
venience. For differently-shaped boomerangs the explanation is the same.
.H..rn _.ﬂ..mﬁr of the boomerang’s arms (from boomerang’s centre of mass to
tips) is a. The boomerang has a forward speed V, and a rotational speed .

50 om .
§u 0.70m
—.llhtm cm |L
B

Right-handed Boomerang A = L/E B = T/E (Reverse for Left Handers)

FIG. 4 A
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At any instant, not all parts of the boomerang have the same velocity,
This is due to the combination of the forward speed and the rotational
speed. The upward-pointing end of the boomerang moves faster than the
downward-pointing end, as is indicated in Fig. 5. Hence the uppermost
parts of the boomerang experience much stronger leftward forces than the
lower parts do. This means that the aerodynamic forces not only produce
a net leftward force F, but also a net torque T, which tries to cant the
boomerang with its upper part to the left: counterclockwise as seen from
the thrower. See Fig. 6. This canting would be about an imaginary
horizontal axis, called the torque axis. However, we do not observe such
canting in boomerangs!

At this point we must consider principle 2: the boomerang spins
rapidly and behaves as a top.

Puta top upon its peg, and it will, of course, topple over. But giveita
fast spin, and it can stand upright. The difference is due to the rapid
rotation. A spinning top reacts in a peculiar way to an applied torque:
it does not give way to the torque, but rotates slowly about an imaginary
axis perpendicular to both the spin axis and the torque axis. See Fig. 7.
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FIG. 60

This N 1s Call€a precession. A DoOoOmcerang dbEnaves Jjust tne same way.
monaunﬂw Mﬁmn axis mmﬁronmoﬁn&,. to the left, the axis of the aerodynamic
torque T is visible, directed backwards towards the thrower, and the axis
of precession moves with its foremost part to the left and rotates slowly
with an angular precession velocity £ counterclockwise as 5&_._3 from
gbove. Thus the boomerang turns its foremost part, rather than its upper-
most part, to the left. In daily life, this phenomenon of precession is
exploited, when one bicycles *“with no hands’’ through a curve: leaning to
the left makes the spinning front wheel turn to the left.

From our explanations so far the following picture emerges. The
boomerang originally moves horizontally forwards, its plane of rotation
vertical. Soon it swerves to the left because of the net force F. At the
same time it responds to the net torque T by slowly moving its foremost

part to the left.
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LE1 T DEINE anglc between the boomerang’s plane of rotation and
the direction of its forward speed. If ¥ = o, the boomerang moves parallel
to its own plane. If ¥ - o, the boomerang is inclined with respect to its
forward motion, and the aerodynamic forces will be larger. This is because
each section of the boomerang arms will have a larger angle of attack.

If the torque T causes ¥ to increase, F will increase also, pushing
the boomerang to the left and keeping ¥ from increasing too much. The
result is a curved flight path, traversed at a rather small angle of incidence
V. See Fig. 8.

The above explanation makes it understandable how a boomerang
can traverse amore of less circular loop, and return to the thrower. During
the flight a boomerang is pulled down by its weight, and it should of
course complete its loop before dropping to the ground. If the boomerang
moves with its plane not vertical, i.e. if @ — 90°, the force F may have
an upward component, which counteracts the weight, and keeps the
boomerang in the air longer.

What about the size of a boomerang’s flight path? Let us consider
asimple case. Suppose a boomerang flies approximately along a horizontal
circle, with its plane of rotation vertical (x = 90°), and with a small, con-
stant angle of incidence Y. The boomerang’s forward velocity be V (m./
s.), it spins ¥ (rad./s.), 1 revolution = 27 radians. For a rapidly-spinning
object, the precessional velocity Q (rads. /s.) 1s related to the torque T and
the spin ¥ according to the formula:

rw (1)

Here 1 is the object’s moment of inertia with respect to the spin axis.

Vi

FIG.?

Let R be the radius of the circular flight path (see Fig. 9). In
t seconds the boomerang traverses an arc with a length of Vt metres.
The angle, as seen from the path’s centre, covered by this arc be a, so
that the arc’s length equals 2R. Hence: R-=Vt. In the same time interval
the boomerang precesses over an angle Qt. If the boomerang’s angle of

incidence ¥ (angle between boomerang’s plane and flight path) is to be
constant, we have the condition

t=0=ua. Hence QtR=Vt and QR-=V, (2)

To make the boomerang fly along a curved path with radius R, a
centripetal (directed towards circle’s centre) force is required of magnitude
mV?*/R, where m is the boomerang’s mass. This force, of course, is
supplied by the aerodynamic force F. Therefore:

mYV:?
~ mV?
m[lx (3)
For the flight path radius R we obtain:
mV?
R= F (4)
Also, from (1) and (2) follows:
V 10V
R=(p=7 (5)
From (4) and (s) follows the condition:
T F
o~ mV (6)

Both T and F depend on the angle of incidence ¥. Therefore ¥
must have such a value that (6) is satisfied. Usually this is not the case,
and the flight path is not a precise circle. .

What happens if one launches the same boomerang at a higher
speed, so that both V and W are increased? Does the flight path become
larger? Let us see....According to (4) R seems to increase if V does.
On the other hand, F also increases with V. If we assume that the ratio
@[V is the same at each launching (which seems not unreasonable), and,
moreover, that also ¥ remains the same, then F turns out to be propor-
tional to V2 according to aerodynamic theory. Hence R remains un-
changed, according to (4). This means that the flight path radius is
independent of how fast one launches the boomerang! In a sense: each
boomerang has its own flight path radius. This is indeed confirmed by
experiments. . o .

If a boomerang is made more massive (by making it from heavier
material, or by attaching ballast), so that both m and 1 are increased, but
its shape remains the same as before, (4) and (5) show that the flight path
radius will be larger. . .

At this point, the reader may wonder whether straight-flying
boomerangs are possible at all. They are. Suppose we launch a boomerang
in a horizontal direction with its plane approximately horizontal (x—0),
and that the net force F, which is a real lift in this case, just balances
the boomerang’s weight. Suppose further that the net torque T would
vanish, then the precession would be absent, and the boomerang would
keep its plane horizontal: it would fly straight on. How can we E.mﬂ%w a
boomerang with a positive net force F and a zero net torque T? Give
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the boomerang’s wings a negative angle of attack at the tips, and a positive
angle of attack near the boomerang’s centre. One might call the result a
negative twist. The lift distribution then would have a negative part near
the tips, and a positive part in the middle, as indicated in Fig. r0.
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boomerang’s remarkable behaviour. It is possible to set up a detailed
mathematical theory for the aerodynamics and motion of boomerangs, and
to calculate boomerang flight paths on the basis of such a theory. A high-
speed computer is indispensable here. As an example, Fig. 11 shows a
computer plot of a theoretical flight path. The boomerang is represented
symbolically by a circular disc in perspective, and its position is shown at
intervals of oI sec.

Experimental research on boomerangs need not be as sophisticated.
The flight path can be recorded by an ordinary camera. Time exposure
traces a battery-fed light mounted in a boomerang. Since boomerang arms
operate at low and Reynolds number (0-100,000), a region on which very
little research has been done, it is difficult to give rules for “optimum”
boomerang arm sections. Any dedicated hobbyist could make new con-
tributions to this field by carefully shaping boomerangs and observing their

flights.

Recent non-specialist articles on boomerang mechanics:

(1) Hess, F. “The aerodynamics of boomerangs.” Scientific American,
Vol. 219 No. 5, November 1968, pp. 124—136.

(2) Musgrove, P. J. “Many happy returns.”” New Scientist, Vol. 61 No. 882,

24 January 1974, pp. 186-189.

Available books on boomerangs:

(1) Mason, B. S. Boomerangs, how to make and throw them. (Dover Publ.,
New York, 1974) 99 pp. (reprint from 1937) (emphasis on six-armed
boomerangs).

(2) Urban, W. Geheimnisvoller Bumerang, Kleines Lehrbuch. (Gerda Urban,
8801 Leutershausen, W. Germany, 1966) 58 pp. (excellent German text-
book on boomerang-throwing technique).

(3) Ruhe, B. The boomerang. (Smithsonian Associates Workshops,
Washington D.C., 1972) 30 pp- (Ruhe knows about every boomerang
activity anywhere in the world).

(4) Hanson, M. ]J. The boomerang book. (Kestrel/Puffin books, Penguin,
1974) 48 pp. (pays attention to left handers). 95p.

(s) Hess, F. Boomerangs, aerodynamics and motion. (Author, Groningen,
Netherlands, 1975) 555 pp. (comprehensive but mostly technical. Con-
tains stereoviewer to view 3-D experimental and theoretical boomerang
flight paths).

(6) Smith, H. A. Boomerangs, making and throwing them. (Gemstar
Publ., Littlehampton, Sussex, 1975) 33 pp. (pays attention to long-
distance boomerangs).

(7) Hawes, L. & M. Ail'about boomerangs. (Hamlyn, Sydney, 1975) 72 pp.
(Hawes is an Australian boomerang maker).

Boomerang Clubs

(1) “Boomerang Association of Australia”, c/o Morris Maxwell, 45 Rose
Street, McKinnon, Victoria 3204.

(2) S.P.A.B. (Society for the Promotion and Avoidance of Boomerangs),
Major Chris Robinson, 12 Stoneham Close, Reading, Berks.



OFFICIAL MANHATTAN RULES
from “Star Skippers Newsletter”

The OFFICIAL Manhattan Formula Rules

1) Airframe Weight, less rubber ... minimum 4 grams.
2) Overall Length ... 20in. maximum measured from front of propeller
bearing, aft.
3) Fuselage: (a) Must support and enclose a single rubber motor. No
motor sticks permitted.
(b) Must include a “box’” 2}in. x 4in. ¥ 2in. or larger.
(c) Must have a windshield of 2 sq. in. minimum area, plus
a window on each side of 1 sq. in. minimum area covered
with cellophane or similar transparent material.
4) Prop ... All wood, direct drive, fixed pitch.
5) Wing ... Monoplane with maximum projected span of 20in. and
maximum 4 in. chord. Wood bracing allowed.
6) Stab... Monostab with maximum projected span of 8 in. and maximum
33 in. chord. Wood bracing allowed.
7) Landing Gear. .. Rigid and fixed with at least 2 wheels of 1 in. diameter.
Must be able to support aeroplane.
8) Covering ... Except for windshield and windows, only paper (con-
denser paper included) is permitted. No film or microlite is allowed.
9) Flying... All flights at least two point R.O.G. Best single flight counts

of unlimited number of official flights (or of limited number of flights
if desired).

These official rules reflect almost 100%, the M.I.A.M.A. Rules,
and the way they have matured in Manhattan. They work well, and have
drawn a lot of interest. Modellers elsewhere may like the event better
with their own slight variations. They are certainly entitled to their
preferences. What Star Skippers of New York are doing is setting down,
once and for all, what the OFFICIAL Rules are. In Indianapolis they
fly the event with a 5 g. minimum. In England they require a 6 g. minimum
and the wing must be mounted flush on the fuselage. Fly the event the

way you like it; but with the OFFICIAL Rules established, you will know
just what your variations are.

Right. Pata
Andrews won the
Columbia Uni-
versity event, also
at Cantague in
April 1978 with his
parasol-winged de-
sign. Not much for-
ward vision for the
pilot, Pata!

Opposita. John Triolo and

his second place Manhat-

tan formula model at the

Columbia University Halls

meeting in January 1978—
Ed Whitten photo.

Left. A change for Henry
Tubbs of Leeds is his first
Manhattan seen in Card-
ington during 1978 summer
meatings. Henry likes the
formula.
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Free Flight
Class F-1-RB
RUBBER DRIVEN
Duration
V. Fiodoros

U.S5.5.R.. June

1gth, 1oby th. 31m. 32=
IMstance in a straight line
G, Tehighisev (U8 5.8, July
ist, 1962 371 18g km
Altitude
V. Fiodorov (" 5.5.FR. ., June
19th, 1G6y 1.712m
Speed in a straight line
P. Motekavris (U S 5.R.), June
zoth, 1971 134 9kmh
POWER MODELS
Class F-1-C
Duration
1. Koulakovsky (L. 5.8 R.), August
tith, 19532 6h. tm.
Dvistance in a seraight line
E. Boricevitch (LU 5. 5.R. ) August
15th. 1952 378756 km
Altitude
(. Licubouchkine (U5 5 R August
1ith, 1947 4182 m
Speed in a straight line
Doubenitsky (U7.5.5.R.), June 25th,
1973 173:45kmh
Seaplane Duration
R. Weber (LU.5.4.), May 16th,
1978 £m. 368
Seaplane DMstance in a Straight Line
M. Sulc (Czechoslovak:a), October
3rd, 1973 IS, TCOMm.
Seaplane Altitude
M. Sulc (Czechoslovakia), October
3rd, 1973 1,960 m
RUBBER-DRIVEN HELICOPTER
Class F-1-F
Duration
A. Nagarov (U.5.5 R.), June 3rd,
1964 J3m. 26r 75
Distance in a straight line
Giulio Pelegi (Iralv), August 3rd,
1974 £,237 m.
Alrvitude
P. Motekaimms (U.5.5.R.), August joth,
1975 S12m
Speed in a straight line
P. Motekaitis (U7.5.5.R.), June 12th,
1970 14423 km'h
POWER-DRIVEN HELICOPTER
Class F-1-A
Duration
5. Purice ( Rwmama'l, Oxctober 151,
196 3h. 12m.
Distance in a straight line
V. L. Titlov [ Huneary), October 151,
1963 g1 401 km.
Altitude
5. Purice (Rumania}, September
24th, 1963 3, TS50 m,
Speed in a straight line
A. Paviov (U.5.5.K.), September
2oth, 1970 116 12km/h
GLIDERS
Class F-1-A
Duration
M. Milutinowic [ Yupodavia), May
15th, 1960 ah. sBm. 108
Distance in a straight line
£, Taus (Czechoslovatial, March 313,
1962 3io-33km
Alritude
G. Bencdek ( Hungary), May 23rd,
1948 2,364 m
INDOOR MODELS
Class F-1-D
Duration
(ot 4. _u _.ﬁ,JFL“JHH. m. 5 ...m
August 4th, 1976 . COMM. 41%
Car 1 Less than 8 m. ceiling
Duration
T. F. Vallee ( 0°. 5. A4 ....__._Eﬂﬁi 2z2nd,
1975 22m. 455

jzblat 2 8-15 m. celing Duration

Jin Kalina (Czechoslovakia), August
26th, 1970 jom. 7

32¢cCat 3 15-30 m. Ceiling

o
Mo

Mo, 20
Mo, 21
Mo, 22
MNo. 23
No. 30
Mo, 48
N0, 40
No. so
Mo, 51
No. €2
No. 24
No, 25
No. 26
No. 33
No, 33
No. 35
No. 36
No. 37
No. 38
Mo, 19
Mo, 27
No, 28
No. 29
o, 30

Duration
Bucky Scrvaites (U.5.4.), June 2nd,
1977 35m. o8
RADIO CONTROL POWER DRIVEN
Class F-3-A

Duration
R. Weber (U 5.4, June 1oth,
1978 15h. 47m. s0s
Dvistance in a straight line
R. Weber (U 5. 4.} August 16th
1975 428 km
Altitude
M. Hill {U.5.A.), September 6th,
1970 B.208m
Speed in a straight line
CGroukoune and Mvyvakmmine (0. 5.5.R.)
Scptember 2ist, 1971 43 92kmh
Distance in a closed circuit
Richard Weber (U.5.4.), Mav 3151,
1976 683 km
RiC SEAPLANE
Duration
R. Weber (U7 5.4.), September
2nd, 1977 gh. Tm. 37
listance in a straight line
R. Weber (US54, October Sth,
1977 2448 km
Altitude
M. Hill (L.5.A.), September 32d,
1976 S5051m
Speed in a straight line

Coukoune and Mvakimine (U5 . 5.R..
Okrober 25th. 1971

Distance in a closed circuit

R. Weber (7.5 4., September

2g4km'h

and, 1977 08 km
R/C GLIDERS
Class F-3-B

Duration
E. Miakinine (L.85.5.R.), September 30th-

Ocrober 151, 1973 25h, 44m. Ry
Distance in a straight line
. B. Hiner (U7 5.4, May 24th,

1975 5128 km
Altitude
Raymond Smath (U.5.A4.), Sepiember

2nd, 1968 1,521 m

Speed in a straight line
W. Sitar (Awstraa), June 18th,

1977 300-92 km'h
Distance in a closed circuit

.. Aldoshin (U.5.5.R.), Ocober
2ath, 1974 £22 km
R/C HELICOPTER
Class F-a-(
Duration
H. Pallmann ((Fermany}, July 13th,
1974 th. 4sm
Distance in a straight line
N. Rambo (U85, 4.} January 26th,
1974 2,500m
Altitude o
H. Pallmann (Germany), July 3151,
1974 1958 m
Speed in a straight line
Hubert E. Bitner, Jr. (U7.5.4
COctober 17th, 1976 6 483 km'h

Dristance in a closed circuit
D. Schluter (W Germamy), June 20th,
1970 ti-%km
CONTROL LINE
Class F-2-A
Speed (2°5c.c.)
S. Jidkov (U5 S.R.), September
2and, 1975
Speed (2-5-5c.¢c.)
MeDonald ([7.5.4.), November 15th,
1Ghy 88 gskm h
Speed (5—-10¢.c.)
V. Kouznetsov (U5 5. R.), September
joth, 1962
JET MODELS

20030 kmh

116kmh

Specd
L. Lipinsky (L7 5.5.R.%. December

6th, 1971 10464 km 'h

o) ) A VAL

THE BEST IN MODEL KITS FOR
RADIO - HIGH PERFORMANCE,
VINTAGE SCALE OR SOARERS.

Circa 1917/18.

122 cms

For25t035c.c.(.15t0 19 cu. ins.) with 2 channel

SOPWITH STRUTTER

proportional on rudder and elevator

152 cms

Full House Multi-Trainer,
for motors from .25 up to
40 cu. ins. (4.1 to 6.6c.c)
with rudder, elevator,
ailaron and engine speed
on 4 Proportional radio

JUST 3 IN A FINE
RANGE OF MODELS
= POWER. SORRERS
< 4 CONTROL-LINE etc

BIG IMPALA

I88 cms
mwﬂ.:.u hillside sparer. The 3-in-1
optional services ., For rudder/
elevator with standard dihedral
or rudder/elevator/ailerons with

reduced dihedral. Or with auxiliary
motor on nose

Kit hos plastic ribs and formers.

SEE THEM ALL AT YOUR
LOCAL DEALERS

ollPer Veron KITs

MODEL AIRCRAFT {(Bournemouth) LTD ., Morwood Place, Bournemouth.




COME TO SEE OUR NEW DOUBLE SHOP at ““306-308"
twice the space? twice the stock

OUR AIRCRAFT

Ww?_

PART OF OURDISPLAY  MARINE MODELS AND
DEPARTMENT AT “308” R/C CARS ARE IN "306™
RIC EQUIPMENT AIRCRAFT KITS SIG. ST. LEONARDS.  ACCESSORIES
SKYLEADER. AMBASSADOR. SOLENT SAILPLANES. By all leading makers
FUTABA. SANWA ANDREWS TELCO. TOPFLITE including:
REFTEC. 0.S AVONCRAFT TRUELINE. UNIQUE. DUBRO. PROCTOR
MacGREGOR. MRC. CAMBRIA. VERON. WATERHOUSE. ROBERTS. ROBART.
MICRO-MOLD HORIZON. COTSWOLD SIG. KEILKRAFT.

WALTRON.
SIMPROP

ENGINES
AUSTRO-WEBRA
CIPOLLA. ENYA
FOX. FUJI. H.B.
H.P. IRVINE. K&B
MERCO. METEOR
0.P.5.05.
0.5.-GRAUPNER.
P.A.W. PROFI.
ROSSI. TAIPAN
SUPER TIGRE
VECO. WEBRA.

CRESCENT. EM.P
FLAIR PRODUCTS
FLIGHTCRAFT.
GOLDBERG. HUMBROL
KAMCO. KAVAN,
KEILKRAFT. KYOSHO
MARUTAKA. MERCURY
MICRO-D.B. MIDWEST
M.F_A. DAVE PLATT
PILOT. QUEST
PRACTICAL SCALE
RADIO SAILPLANES
RIPMAX-AVIETTE
MICK REEVES

JOLLY ROGER.
SCHLUTER.

RACE CARS
MARDAVE

PB. SG. DELTA.
ASSOCIATED.
LECTRICAR

FIBRE-GLASS HULLS
M.RH. 85.H.G

MARINE
ACCESSORIES

J.G. RACING PROPS
Octura. S.H.G

MARINE SPECIALITIES
JOHN STIDWELL.
BILLINGS. RIPMAX

IRVINE. MERCURY.
MICRO-MOULD. FOX
HKEB. SULLIVAN
M.F.A. SOARCRAFT

ELECTRIC FLIGHT
GRAUPNER. M.F.A.
MABUCHI. RIPMAX,
MULTIPLEX.

MARINE ELECTRIC
MOTORS
GRAUPNER. ORBIT
KROKER. RIPMAX.
MARX-LUDER

We are the sole appointed distributors for ROMAIR RETRACTS

U

il !

MERCO

r!\’%ﬁ. l

r———
lqﬁh

& P

)

Insist on quality products for all your hobby needs!

irvine engines

UNIT 8, ALSTON WORKS, ALSTON RD. HIGH BARNET, HERTS

MARUTAKA




FLYIT...

SILENTLY

60p in stamps brings an illustrated
40 page catalogue of specialised equipment
s and the name of your nearest stockist.
_ \ HARRY BUTLER (Modeis)
Unit 13, Brunel Road, Gorse Lane Ind. Estate, Clacton, Essex

Telephone: Clacton [0255] 29190

ZQ._. H_z_.< do we have

the greatest selection of
radio control, control line,
and free flight kits, engines,
and radio control units in

the North West,

BUT ALSO the largest

backup stock of spares,

accessories and goodies so

essential for today’'s

modeller.
209 DEANSGATE, [BARCLAYCARD)
MANCHESTER 3. ﬁlg

Tel: 061-834 3972

eSham;aﬂ

SPITFIRE - SABRE

You ow-.k___._m_.n beat a diesel
DART SUPER

MERLIN

THE GREATEST RANGE OF
SPORTS FLYERS’ ENGINES

CALL IN AT YOUR MODEL SHOP TODAY = ‘

In case of difficulty write direct to:
DAVIES-CHARLTON LTD.

HILLS MEADOW, DOUGLAS, ISLE OF MAN gﬂ hﬂﬂﬁzu




WOLVERHAMPTON
MODELS AND HOBBIES

3 BELL STREET, MANDERS CENTRE
WOLVERHAMPTON Tel: 26709

For all your modelling needs

OCLET 26" span designed for Telco "y . R
or other CO2 engines. Convertible .
to rubber power. Die-cut wing ribs.
Full size detailed plan and separate
instruction sheet. Best Solarbo
balsa, etc. Price £3.40.

WASP WINGS 34" span Sports
Free Flight for any 0.5-0.8 c.c.
engines. Die-cut wing ribs from best
Solarbo balsa. Two full size plans.
The best materials available.

Price £4.51.

COSMIC CLOUD 33" span semi-scale sailplane,
which combines beauty of line with strength
and a very pleasing performance.
Price £2.20.
Performance Kits & Accessories

are avalable from all the best
Model Shops FERFORMANCE LTS,

\uhhﬁﬁ%&haﬂm KITS Thorncote Green, Sandy, Beds., England
Tel: Northill 221

MODEL SHOP
CANTERBURY

Leading Agencies
Chuck Gliders to R/C Multi
alsoR.T.P.

Model Railway Specialists

Mail Order — Access
Barclaycard

83 NORTHGATE
Tel. 0227 - 69888

PLANS...

m\\hﬂ.\ﬂ&w The M.A.P.

range of plans

m\\ hgbmm is the largest,
most compre

m\\ N hensive in the
uhhmm- world. Buy a

plans handbook

and find out for yvourself.

The handbook contains full
details of all of our thousands
of plans and their prices.

Handbook 1 Aeromodelling
Handbook 2 Model Boats and Cars
Handbook 3 Model Engineering
Handbook 4 Radio Control Aircraft

PRICE 30p each. For mail order infand
add 15p post & packing, overseas 30p p&p

Model & Allied
Publictations Ltd

Sales OHfice, PO Box 35 Bridge Streat
Hemal Hampstead, Harts. HP1 1EE.

The Society
of Model

Aeronautical
Engineers

The Model Flyers’
National Body

Invites you to join its
ranks in safeguarding the
interests of model flyers
and of promoting the
sport in this country.

Last year saw the society
expand its membership
to well over 6,000. At the
same time there was a
correspondingly greater
increase in positive action
taken by the society, in its
efforts to further model
flying — with a still

larger membership, yet
more can be done. Add
your support to the
SMAE, today!

For details contact:

The General Secretary,
SMAE,

Kimberley House,
Vaughan Way,
Leicaster.

Tel: Leicester 58500




FLIGHT PROVEN DESIGNS

TOP QUALITY MATERIALS

REALISTIC PRICES

STRAIGHT FROM FACTORY
TO MODELLER

Rod Bowman's
SPATMAN 36"

A rugged, sporty fly anywhere 2/3
function model. Suitable .09-.15 engines

o A

Readymade veneer covered foam wings. Pre-
formed dural u/c. Moulded wheel spats. Jig
cut fuselage sides, Tail & elevator. Full R/C
pack. Detailed plans and building instructions.
£9.95. Postage 86p. Film Pack 90p.

Send S.AE. for full List and Order Form.

BOWMANS OF IPSWICH

37/39 Upper Orwell St., Ipswich,
Suffolk, IP4 1HL (Tel: 51195)
HP. * ACCESS * BARCLAYCARD * PAYBONDS

JIM DAVIS MODELS

313 Marsh Lane,
Erdington,
Birmingham

Main stockist of all types of
Radio Control equipment.

We stock everything a model-
ler needs to build and fly a
Radio Controlled aeroplane —
and advice.

Telephone:
021-373 5945

— ask for Jim —

THE WORLD'’S ONLY EXCLUSIVE

AVIATION BOOKSHOP

OUR NEW and SECONDHAND stocks are devoted entirely to:
o BOOKS * MAGAZINES * PLANS  PHOTOGRAPHS

on all aspects of AVIATION and allied subjects:

e HISTORICAL e REFERENCE
* MODELLING e ENGINEERING

Send 20p in stamps or equivalentin I.R.C. (overseas) for our latest catalogue.

BEAUMONT AVIATION LITERATURE

656 HOLLOWAY ROAD, LONDON N19 3PD

Talephone: (01) 272 3630
Open daily 9.30 8.m. — 5.30 p.m. including Saturdays
Mearest Tube Station: ARCHWAY, NORTHERN LINE

Try us for all your
modelling requirements —
Write, Phone or Call

D.G. Sleep
reaping) Ltd.

35-37 St. MARY'S BUTTS
READING, BERKSHIRE
TELEPHONE:
READING (0734) 50074

ARRO NAUIMNICAL
WIODHLS LD

39 Parkway, Camden Town, London NW1 7PN _u._.._wm.dm._m
STOCKISTS OF: Free Flight, Control Line, Radio Control,

C02 Models and accessories.

Kits by: Ripmax, Graupner, Sterling, Goldberg, Topflite,
Pilot, Veron, M-F-A, Mick Reeves, Micro-Mold, Avoncraft,
Flair, Revell-Hegi, Keil Kraft, Solent Sailplanes, E-M-P,
Cambria, Mercury, etc.

Engines from Telco CO2 & Cox 010 to Webra Speed 91.
Radio Control from one to seven channels, 1,000's of
accessories, timers, tools, glues, books, tanks, spares,
miles of wood. Far too much stock to list, so when in
London visit
‘Aero Nautical Models’
well known the world over as:
London’s Model Shop




BILL GORDON (MODELS)
2 TOWER COURT, DUNSTON,
GATESHEAD, TYNE & WEAR

TEL: 0632-605545
* ACCESS » * BARCLAYCARD »
We cater for beginners and experts and keep a good

stock of balss, plywood, kits, engines, fuel, props
and accessories. Radio gear by Futaba — Sanwa —

K.D. Digiace — MacGregor, stc.
HARRY BUTLER
ELECTRIC A.T.P. FQUIPMENT & MODELS
lHustrated Catalogue S0p plus 10p post.

THE NORTH EAST R.C. CAR CENTRE

MARDAVE CAR KITS ELECTRIC CAR KITS
FIRENZA MARDAVE BRM

CAPRI LECTRICAR Porsche 911
McLAREN Porsche 936 |
LOLA Ford Escort
HESKETH SANWA Porsche 335
STOCK CAR (inc. 2 chan Radio Gear)

PB EXPERT STANDARD KIT
PB EXPERT INTERNATIONAL

MODEL TECHNICS FUEL

Castor Straight (80-20) Helimix Straight
G-200E Expert Mix 3% NM Helimix 2 % %
G300E Expert Mix 6% NM Helimix 5%

WE BUY & SELL SECOND HAND RADIO
CONTROL GEAR

Open Mon— Fri, 9—-5.30. Wed. closed.
Sat. 9—-5.00.
FREE PARKING Tel: (0632) 605545

S AMS

STOCKISTS OF: Ripmax, Veron,

Micro Mold, Graupner, 0.S., Humbrol,

D.C., Futaba, Macgregor, Keil Kraft,

Solarbo, Plastruct, Solarfilm, and lots
more.

We also carry items for the Boat,
Railway and Plastic Modeller also
Meccano Spares.

Come and see us at

12 Hatfield Rd.,St Albans
Tel: St. Albans 53954

MODELS LTD

63 STATION ROAD,
ADDLESTONE,
SURREY, :
KT15 2AR
WEYBRIDGE 45440

Mail order
a Pleasure

SCOTLAND

For helpful advice backed by the
finest stocks North of the Border
— not only Radios, Kits and
Engines but all the essential bits
and pieces you need — give us a
call, personal or by telephone. If
you write, please enclose SAE.

SKYLEADER AUTHORISED
SERVICE AGENTS

DUNNS MODELS

26 Glasgow Road, Paisley
Tel: 041-840 1381

29 Scott Street, Perth
Tel: 0738 24540

AVICRAFT Ltd

NEW, LARGER premises at
15 CHATTERTON ROAD, BROMLEY, KENT

01-460 0818. Open Mon-Saturday 10 till 6pm except Wed. 10 till 1pm

We cater for the Scale MODELLER, Free-Flight
and Controlline and will help you go on to Radio
Control.

We are experienced in Scale, R/C and Freeflight
and Gliders.

For indoor fun — ELECTRIC FLIGHT or CARS
— Try us — harry Butler range of RTP, send
60p for ilustrated booklet.
1/12th Electric cars — latest BOLINK is £49.99
with nicad pack. MARDAVE and ELECTRICAR
kits and spares are available — come and have
fun!

All MAP books stocked, old magazines,
American R.C. MODELER at£1.05.

BADGER and other airbrushes stocked from
Basic to de LUXE.

COME ALONG, BROWSE AND CHAT and we'll
put you on the right lines to success.

S.T., P.A.W. ROSSI, OPS, D.C., FOX, IRVINE,
HB/VECO, WEBRA ENGINES in stock.

ACCESSORIES by all leading firms —
Try us first — and come again.




READING
MODEL
SUPPLIES

5 CHATHAM STREET CAR PARK
OXFORD ROAD,
READING, BERKS.

Telephone: Reading 51558

BERKSHIRE'S SPECIALIST
MODEL SHOP FORKITS,
ACCESSORIES, ENGINES,
RADIO EQUIPMENT

H.P. Terms available

Pay by Barclaycard & Access

You can drive right to us

:; 1 b
z__anm_ Aeroplane mmmmﬂm

The MODEL AEROPLANE GAZETTE
iIs a bi-monthly magazine covering
flying model activities and includes
RADIO CONTROL, FREE FLIGHT and
CONTROL LINE reports, details of
models, kit reviews, etc. Regular
features on Slope Soaring and Free
Flight Contests.

Six issues per year. Annual subscrip-
tion (including postages to any address
worldwide) is £3.50 or $6.50 U.S.
dollars.

Two colour covers, printed on art
paper by offset litho with plans and
photographs each issue averages 28
pages. Back issues available. Specimen
copy sent on receipt of 9p stamp
or|.R.C.

PAMAG (Publications) Limited,

22 Slayleigh Avenue,

SHEFFIELD S10 3RB, ENGLAND

Challock - Ashford - Kent

Prease write fo the Secretary for detarls
or Ring Chaflock (023 374i 274

BARTELS-GLASFIBER-PROPELLER
BARTELS-CARBONFIBER-PROPELLER

MORE THAN
30 TYPES

WORLD’S SAFEST PROPS
BARTELS
GLASFIBRE-PROPELLER

JURGEN BARTELS

Postfach 30 01 . Telefon 0441-53906
2900 OLDENBURG - West-Germany

oOLARB(

We've considerably extended our range of ‘stock’
sizes this year — to make life a lot easier for aero-
modellers. For example, finding quarter-grain sheet for
ribs in the Balsa rack at the local model shop has not
always been easy (especially if other modellers have had
first pick!). To answer that particular problem we have
introduced SOLARBO RIB STOCK, every piece of which
is quarter-grain sheet. All you have to do is look for the
SOLARBO RIB STOCK stamp. It's available in 36" x 2"
sheets in three thicknesses — 1/16", 3/32" and 1/8".

You've also asked for WIDER SHEET. To make this
readily available — wide Balsa lumber of the right quality
is not so easy to find®* — we have standardised on a
new standard length of 42”. Now you should be able to
find ample stocks at your model shop of 4" and 5 wide
sheet, in 1/16"", 1/8" and 1/4"" thickness.

Many modern model designs also ask for LONGER
SHEET AND STRIP. That, too, sets a ‘quality selection’
problem*. We've solved that by standardising on a 3"
width for 48" long sheet, available in all thicknesses from
1/32" to %". And just for good measure, we have
introduced 48" lengths of strip, leading edge and trailing
edge in selected sizes.

*We are very fussy about Balsa quality at Solarbo..

That's why Solarbo rates as the best Balsa you can buy!

SOLARBO

I L ITED
COMMERCE WAY » LANCING + SUSSEX - BN1S 8TE = ENGLAND

WHERE GOOD BALSA
COMES FROM




The Modellers De

"---.L__/

-
Mail Order Address: Dept 78/3, ' q
84 Winchester Road, Brislington,

Bristol BS4 3NG Phone 0272-775267

ALL THE BEST
IN MODELLING
NEEDS

Retail THE MODELLERS DEN LIMITED

Outlets: g5 Fairfax Street, Bristol, BS1 3BG. Phone 23744
I ' I 2, Lower Borough Walls, Bath, BA1 1QR. Phone 60115
39, High Street, Cheltenham. GL50 1DY. Phone 34644

N

[;;’]7 YT T s \ICRO-MOLD
M.M. KESTREL D.B. GRINGO

i y - FOR FREE FLIGHT OR
40" Span Power-Assisted Soarer LIGMTWEIGHT 1.2 FUNCTION

ARF for 1-2ch. R/C & .020-.049 Engin-es/‘ RADIO COMTROK

CIPOLLA

JUNIOR -

Capacity 0%u.ins. (1.48cc), Bore 1155 /) g
mem, Stroke | 1.00mm, Weight (inc. silenc- : ﬁj‘.rﬁf

er) 103 grams. Peaks st better than 15,500 =

rpm on standard fusl and 17,000 plut on
contest minture. Recommended pro- , =
peller size 7 x 3§ Supplied with . o =
M’“-ﬂ .

: - )
J Make Britain's
g Premier
w Range of m

Tol O3 48040 Accessories

Willed =@ Bl \V/ (@]l @ B stetion Roed - Esst Preston - West Sussex - BN16 3AG




Everything you need from modelling pins or self-tapping screws to a complete
UHF/FM radio control outfit. That's what you will find in the Ripmax Range — pius
a CHOICE of different brands (all world-famous manufacturers). All illustrated and
described in the . . .

2 Modellers Handbook

Over 500 kits — and over 5,000 items in all — each
illustrated and described. All arranged in convenient
sections so that you can immediately turn up what
you are looking for. The RIPMAX MODELLERS
HANDBOOK is full of good reading matter, too.
OVER 70 EDITORIAL FEATURES on all aspects of
modelling, including useful selection charts for air-
screws, fuels and many other useful ‘data’ items,
conversion tables, etc.

size: 102 x 8 in

st e Right up-to-date, too. The ‘79 edition should be
COVEr. available at your local model shop now! Price £1.95

EVERY PAGE FULL OF INTEREST!

All RIPMAX items — including the RIPMAX MODELLERS HANDBOOK -
are available from your local model shop. If you have no model shop near
you, you can order a copy direct from Ripmax Limited, Ripmax Corner, Green
Street, Enfield, Middlesex EN3 7SJ, enclosing remittance of £2.50 to cover
packing and postage.

ﬁ



