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INTRODUCTION

EAR by year, this page has chronicled a reflection on achievement trends and changing

habits in the world of aeromodelling. Anyone lucky enough (and we really do mean
lucky enough) o own a whole set of Annuals since the first one appeared in 1948 will
possess as fine a record as can be found anywhere of aeromodelling progress in technique
and design. One can browse for hours in back editions. Discover inventions now forgotten,
revise ideas that have gone dormant, note how forecasts have come true and study the
Svey-ch.anging shapes of models as well as the modern “knock-offs” of much earlier

esigns.

There have been vintage years filled with a bonus of achievement and there have
been negative years which many prefer to forget.

Alas, this past season comes into the latter category in some respects. It has seen a
mischievous lobbying within the Society of Model Aeronautical Engineers to cancel
progressive efforts to run a World Indoor Champs and International pylon event. It has
seen insurance houses raising their rates for third party cover to many times the previous
premium. It has seen the organisers of three World Championships hard pressed to find
funds in spite of a 507, increase in entry fees and, worst of all, the year 1972 has produced
the coldest, wertest, windiest succession of Sundays within MEmory,

Yet the modellers smile their way through all of this. Fantastic records have
toppled old figures. Over 19 hours aloft with a glider; almost 2 hours with an indoor
model; 72 minutes with a helicopter, and as for speeds—well, they are so fast thar the
F.A.I has to seek ways of rationalising methods of timekeeping to cope.

We have seen new ventures in scale modelling with vet more “impossible subjects
becoming very much possible with the aid of radio control. Pylon racing has risen in
popularity to the extent that, like combat in control line, the entry into events has to be
restricted or subjected to eliminarors in order to cope with the numbers,

Electric ﬂ_‘,’il}, both round the pole in our Model Engineer exhibition and ourdoors
(see fearure in this Annual), has come within the reach of everyman, and the following for
thermal soaring has also gone ahead by leaps and bounds.

This year our theme might well be titled * The Silent Revolution™ as a summary of
our contents. Why not strike out for more silence—more hush will crush the aggressive
anti-model-flying militants. We have Doug McHard’s masterly treatment of the Brown
Junior CO, motor as our main feature. These little units, made by Bill Brown in his
“retirement” to the Pennsylvania hills, are hard to come by, but we feel they need to be
known if only to inspire others to venture into manufacture. Doug evades the cost per
flight. We suspect he does so because CO, is almost embarrassingly cheap to operate!
Then we have a Winkler thesis on F1E, or in other words the International class for
magnet steering gliders. In Europe this kind of model has a huge following. British hills
cry out for magneteers. 1972 also seemed to be “airfoil” year. Qur offices had more
enquiries for airfoil data than is customary. This edition should have enough to satisfy
the most demanding of airfoil collectors.

Finally, the hard world of commerce has snared us with yer another price increase.
Over the past three years, the Anmual has seen a progressive cover price increase to the
extent that this edition has to be sold at almost twice the price of all those Anmuals from
1948 1o 1969, This inescapable increase is a reflection on an aspect that affects all walks of
life, and one which we endeavour to temper in this Annual with an increase in the number
of pages 1o 144. We hope vou'll enjoy every single one of them.
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EXPERIMENTS
WITH CO,

by J. D. McHard

The complete Brown CO.
unit, as produced by Bill
Brown Brown Junior
Motors Inc. (P.O. Box 77, Pine
Grove Mills, Pa. 16888, U 5. A.)
in limited numbers. Older
readers will know that Bill
Brown was the pioneer of
internal combustion engines
used in guantity for aero-
modelling. Photograph is ap-
proximately half size. Cost of
the unit is in the region of £10
(depends on international
exchange Auctuations).

THE CO, to drive the engine is stored in a little aluminium flight capsule,
which may be recharged several times from a steel Sparklet soda syphon
bulb, which is bought from your chemist in boxes of 10.

The process of charging is very similar to that adopted for refilling a gas
* cigarette lighter (although of course the gas itself is quite different!). It is
interesting to study the behaviour of a liquefied gas in certain clear plastic lighter
refill cartridges, since it will make the reasons for many of the following
phenomena more easily understood.

With this understanding, a good measure of control can be exercised over
the number of recharges obtained from each Sparklet bulb and over the duration
of the resulting engine runs.

If the flight capsule is charged from a Sparklet bulb held nozzle down,
liquid CO, flows into the small flight capsule; this we will call a liguid charge.
If, on the other hand, the Sparklet bulb is held nozzle up during charging, the
flight capsule will receive little or no liquid—only gas, and a much shorter
engine run subsequently results. In the following pages we will refer to this as
a gas charge.

Gas connections between flight capsule and engine should be arranged
so that no liquid CO, reaches the engine. The flight capsule connection must
therefore be arranged from the highest point, although the engine may be
mounted in any position relative to the capsule.
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If the flight capsule connection is too low, liquid CO, will reach the
cylinder head valve and this results in the engine slowing right down and little
bits of ice being ejected from the exhaust ports! The length of run is also greatly
reduced.

Comparison of charts 1 and 3 will clearly show the different results obtained
from the alternative charging methods. In comparing gas and liquid charging
patterns it is interesting to observe that whereas in the former, the first charge
always results in the longest run, in the latter, the first one is always considerably
shorter than the second run.

Looking at chart 1 it will clearly be seen that only three good runs are
obtained from a single Sparklet bulb with liquid charges. The fourth run is
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The Auther's 124 scale De Havilland D.H.2, which lends itself admirably to CO, propulsion,

really too short for anything cxcept test flying, and yet it seems a pity to throw
away the bulb when there is still quite a lot of gas in it. The answer 1s to employ
a second bulb, and after charging the flight capsule as though for a fourth flight,

As on the cover, the 14 in. wingspan D.H.2 is an impressive subject, flies beautifully and has
scale construction,
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top it up from bulb 2. In this way you use less gas from the second bulb, because
there is already quite a lot of gas in the flight capsule from bulb 1.

Repeat the procedure for flights 5, 6, 7 and 8, but on 8 replace bulb 1
{now well and truly drained) with a new one and pump in a charge from this one
as well. Then carry on with bulbs 2 and 3 as shown in Fig 2.

In this way four fairly consistent runs can be achieved from each Sparklet
bulb—an efliciency increase of 25 per cent. Careful marking of the bulbs is,
of course, essential because the lowest numbered bulb must always be used first
to avoid reverse gas flow from the flight capsule ro the charging bulb!

There is often little to choose between the engine runs from the first
charge whether liquid or gas, and it is interesting to note the results obtained
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It is hard to believe that this model is only to the sarme scale as some plastic kits, yet it can
make flights of up to two minutes on CO, power.

by giving the first charges nozzle up (gas) and subscquent charges nozzle down
(liquid). This gives one very good extra run per Sparklet bulb, as shown in
chart 4. It is also interesting to note that during this particular series of tests,

Almost a puzzle picture—which cylinder is the real one? The CO, motor lends itsell
so well to incorporation in a dummy rotary or radial unit. The flight capsule and its
charging point are in the forward part of the cockpit nacelle.

My g
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Yet one more view of the cover subject, Length of that centre nacelle is 4 in. but it com-
pletely acearmmodates the CO, flight capsule and power unit as well as a scale pilot, gun
and dummy engine. Total weight of the model is little more than | oz.!

the longest run* of the lot was achieved in a fourth charge (over 200 seconds).
The nearest to it was 185 seconds from the second charge of the series of runs
on chart 1.

Using this mixed upright/inverted charging system a series of tests
was carried out and on each succeeding one, two more runs were made with
the bulb upright before inversion for the rest of the tests. Eventually, the point
was reached when inversion had no effect on the expected gas charge time, thus
indicating that only gas remained in the Sparklet bulb at this point.

All the engine runs from which the charts in this article were made
were at similar setting with the same propeller and in uniform temperature
conditions.

If the model will carry an extra 3 grammes, there is another way to achieve
even more usable engine running time, and that is to use fwo standard flight
capsules joined together by a short length of thin copper tube, The doubling of
the flight capsule volume gives much longer runs and even a gas charge can give
a whole string of usable engine runs from one Sparklet bulb. Bulb 1 on chart 5
(gas only charges) gave no less than seven 80-second runs and one 110-second
run.

The twin flight capsule can also overcome another problem—that of trim
change, resulting from the weight of a liquid charge. There is a two-gramme
difference between a charged and uncharged single flight capsule (liquid), but a
gas-only charge produces no measurable weight increase. However, a liguid charge
in a twin-capsule installation will add not only the three additional grammes
of the extra capsule, but also four more grammes of liquid gas. It is an important

* From a single flight eapsule,
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factor to consider when capsule positions relative to the C.G. are being
laid out.

These studies clearly show the measure of control that can be exercised
over the engine run by means of various charging techniques.
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Above: Standard Brown
motor installation reproduced
actual size for conversion of a
KeilKraft Auster Arrow with-
out any modification to the
unit. This was described by
John Stennard in his Aero-
modeller article in March 1972,
Mote the angle of the flight
capsule.

Left: The CO,; motor is by no
means a complete novelty
and has been in production,
on and off, for over 40 years.
The example at left is one
produced by the OW Engine
Company of U5 A ; designed
to carry the Sparklet hbulb
in a lightweight holder,
as reproduced here, actual
size. Yarious mechanical
aspects have been consider-
ably improved in the smaller
Brown engine which is pro-
tected by patents and there
is, of course, a tremendous
weight-saving through the use
of the rechargeable flight
capsule.




AEROMODELLER. ANNUAL 13

200

1700 —

- sparkLET 4

SPARKLET 3 734 secemds— 1

i
180 ' . ! -
L I
- . |1 SPARKLET1 |
170} =" b } I W N I R
| 198 |
| . CATA
141 1; { 7 Ens Chaorge -
_ H USRARKLET 1| 1-3  Upright
130 t et 3o 11 Inverted - {———
|y 1#=14  Upright
[
[ ! SPARKLET 27 1-2  Upright | 1
o : 3-4 lovartad
Z 130 I —— - Upright .| |
8 II & Inverted
& ' =13 Ugright
iR il - 1 B B N
z | SPARKLET 3| 1-2  Upright |
z i ' 314 lnverted |
g 110 - JL - - - L
- 1| SPARKLET 4 1-2 Upri 1
% v I a4 InTe:ﬁ:ii
2 100 N | : , ! ]
' TOTAL RUMMIMNG TIME
o) - ¥ [Drerwn to 10 seconds)
\ \ | SPARKLET | 707 seconds
! | SPARKLET 2  &53 secends |
a0 ! I
1 !
i
1
I
T
i
1
]
]
1
[
1

F{l E I.n‘!'.\.l'i:n:lgl: ?.02 ::-:mds N
SPARKLET 4 - 908 seconds
&0 \ . : S -
[
S0 .
M
- - N
40 Copsule charged \
with Sperkler ¢ \
a0 |- upright i 1 .___E\‘.\.-_. _ ]
| | | i ‘\‘\:
20 | -
e
1k 1. - | -
i I N
1 2z a3 4 5 & 7

FLIGHT RUNS (CHARGES)

Although there is a marked power surge upon starting the engine, it is
nowhere near as acute as with a rubber motor, and the gradual reduction of
power as the pressure falls produces a most realistic transition between power
flight and glide.

It is interesting to compare the power curves on chart 6. Notice that
even the runs from “the bottom of the Sparklet bulb™, which are very much
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shorter than the first one, still drive the propeller at almost maximum revs.
immediately after starting.

The liquid charge, after the initial surge of power, tends to produce a
comparatively flat curve for most of its power run, whereas a gas charge con-
tinuously falls off from the start to the finish.

It is worthwhile to experiment with various propeller/throttle combina-
tions for each model. Sometimes it is better to use a large propeller and high
throttle setting to achieve a given engine run and in other cases a smaller
propeller at medium revs. will produce almost exactly similar flight patterns.
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With a small propeller (down to 3in.) something like 7,000 r.p.m. can be
achieved, but duration of run at these revs. is, of course, very short.

The late Howard McEntee, writing on R/C CO, in Radio Control
Manual No. 4, gives further interesting leads for those wishing to experiment.
He describes exposed coils of copper gas pipe between engine and capsule o
assist efficient gas expansion and mentions experiments with heat generators
which, when used in this section of pipe, would enable the engines to be used
efficiently in cold weather when the ambient air temperature is too low (below
50°F) to allow adequate gas expansion.

Bigger charging bottles—such as CO, fire extinguishers—would make
tests of the sort here described of purely academic value (besides considerably
reducing the cost per flight), but probably most users will find the convenience
of the little Sparklet bulb a great asset.

Airframe Adaptability

Airframes for these comparatively expensive little engines are so cheap
and quick to build that it is essential to have the power plant easily transferable
between models.
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Having said this, there are nevertheless occasions when the flight capsule
can only be built into the framework in an inaccessible position, and if the gas
pipe is then permanently attached to the engine, it becomes impossible to change
the engine unless you have some spare cylinder heads which vou can leave
attached to the permanently installed gas pipe. '

To overcome this problem I have devised a simple means of attaching
and detaching the gas pipe from the cylinder head requiring no machining, and
the details are shown on page 15.

Above left and immediately
left: Two views which illus-
trate the Author's conversion
of the cylinder head for prae-
tical operation in more than
one model, The conversion
uses parts of a Davies Charl-
ton aluminium needle valve
assembly  as  sketched on
previous page. Abowve right;
Almost actual size view (note
ruler] of the Heinkel He 46
with the Williams Brothers
nylon prop supplied with the
engine; and above opposite;
Doug McHard's specially
carved wooden propeller,
which improves performance,
Immediately right is the
Heinkel being charged, using
the Brown charging unit with
a standard British Sparklet
bulb, the flight capsule fitted
inthis case to the rear cockpit.
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If vou have some modest workshop facilities an even neater job can be
made using a section of brass 6 BA bolt drilled and then soldered over the
cylinder head tube and a 6 BA tapped length of thick-wall brass tube with a 6 BA
screwed insert in the top end in place of the aluminium ncedle valve sleeve.

Make sure that the soft PVC washer is a tight fit within the sleeve. It is
also important to ensure that the washer faces are cut parallel and flat—use a
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sharp razor blade. If you can
countersink the two faces butting
against the washer a more efficient
gas seal will result. An incidental
but significant advantage of this
attachment is that it enables the
cylinder to be more easily rotated
to adjust the engine revolutions.

I have carried out a number
of experiments with various pro-
pellers, both commercial and hand
carved. On balance, I believe that
the most practical propeller for
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Fig 6 opposite: It is interesting to note that the revolutions at the start of each run remain
very consistent despite the subsequent wide variation of total running time. Above: Fine
view of Doug McHard's Heinkel He 46, climbing away for another long flight on a calm
summer evening with the flutter of the €O, motor providing a realistic muffled sound.

the average flier is the 54 in. Williams Bros. nylon prop. supplied with the
engine. I have wooden props that are more efficient but it must be admitted
that their rigidity is likely to bend or even break the thin prop attachment
bolt following a turn-over landing. The He 46 likes the plastic prop
diameter reducing to 4} in. for optimum performance.

The cover subject D.H.2 was built as an example of the type of aeroplane
now made possible by the CO, engin~, which with rubber power would be
impractical and for free flight power would require dead ballast weight to
achieve the correct C.G. No ballast weight is used in the D.H.2, which weighs
just a fraction over one ounce in flying trim, First time never-miss starting in
that cage of booms and wires is also a valuable “plus™ and the total absence of
fuel mess means that you can really build like a rubber model. The absence of
engine scream produces a wonderfully realistic effect in flight.

The Heinkel He 46 shown here is 19 in. span and has a flying weight of
22 grammes (about § oz.). The engine is adjusted to turn at about 3,250 revs.
(upon starting) and this produces a gentle climbing flight which, on a single
flight capsule with a liquid charge, will give durations of around 14 minutes.
Incidentally, these settings were used for the tables in this feature.

The He 46 is, of course, an adaptation of the rubber powered original
(plans for which appeared in Aeromodeller, April 1970), and one reason why it
was originally chosen for rubber power was its relatively long nose, which
distributes the rubber weight more efficiently about the C.G. No such design
limitations exist with a CQO, engine and, in fact, a short nose layout has certain
advantages, for it removes the temptation to move the flight capsule to and fro
along the fuselage to achieve the correct C.G. If the flight capsule, because of a
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The 11 in. wing span |14 scale Fokker Triplane—never an easy subject to fly—becomes
much more practical through the use of the Brown CO, power unit,

long nose, ends up too far to the rear of the C.G., the weight of a liquid charge
can seriously upset the power trim. It is better always to locate the flight capsule
as near as possible to the centre of gravity or, as mentioned earlier, use twin
bottles.

It would be difficult to find a shorter nosed subject than the Fokker Dr.1
Triplane, which is another subject in which I have installed the Brown Junior.
This was originally a rather unsuccessful rubber model which has been made
completely practical by the use of CO, power. Scale is 1/24, which makes the
wingspan approximately 111 in.

“Difficult” Types become “Possible”

The choice of model for this new engine is wide to the point of being
virtually limitless. Types which leap to mind as tempting projects, previously
difficult or impossible for rubber power, are the whole range of interesting short
fuselage types like the D.H.2 on the cover, the Westland Pterodactyls and a host
of flying wing prototypes such as the Waterman Arrowbile. All those early
flying machines with lots of frame and very little fabric like the Bleriot Mono-
plane Model, which always looked wrong with a rubber motor showing through
the rear fuselage.

How about all the twin and multi-engine types which are immediately
ideal with a central flight capsule linked to both engines (all four if you are a
millionaire) ? The Brown Junior CO, engine will run quite happily in either
direction so all torque problems can be overcome by counter-rotating props!
Alternatively, differential throttle settings will enable torque effects to be fully
countered and all engines from a common capsule must stop at the same time!
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RECORD SMASHING JET—FASTEST MODEL IN THE WORLD
by L. Lipinsky, U.S.S.R.
MY record-breaking control line model reached a speed of 395-64 km/hr.

(245-8 m.p.h.) on December 6th, 1971. It has a wing area of 160 sq. in.,
a wingspan of 30¢ in. and weighs, ready to fly, 34} oz. Its main fuel is petrol
B-95, which accounts for 5 oz. ; the engine is 17 oz. ; afterburner fuel (spirit 66°,,,
water 33%;, and methanol 1%;,) weighs 0-7 oz.; so that maximum loading is about

30 oz. per sq. ft.

This asymmetric flying wing was designed by S. Zhidkov. It is made of
balsa and linden and covered with silk. Some of the surfaces are covered with
asbestos paper 0-4 and 0-2 mm thick for fire protection. The engine is mounted
on two stainless steel brackets 0-6 mm thick and 8 mm wide. The fin is made of

0-2 stainless steel and bent at an angle of 5-6".
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For take-off and landing there is a 1-in. diameter dural nosewheel and
two wire skids on the wings, each of 16 gauge. The pulse-jet engine is of special
construction. Its length is 34} in. Diameter of the combustion chamber is 3} in.,
the diameter of the resonance tube 14 in. and the diameter of the air intake
1} in. Angle of the cone is 137, The valve has ten petals, each 0-3 mm thick
(precipitation hardened EI-702 steel). The combustion chamber, resonance tube
and cone are from EI-702 steel, precipitation hardened after welding.

This was done as follows : the tube was left in a muffle furnace for 3-3} hrs.
at a temperature of 690-710" and allowed to cool down with the furnace. The
steel becomes springy, which enables engine power to be increased, since the
wall of the combustion chamber is less likely to be deformed when gases are
pulsed out. Behind the valves on the internal wall of the combustion chamber a
cone made of EI-702 steel is welded in place; it is ; in. wide, with an angle of
457, the narrow end pointing towards the rear of the engine. This cone is used
for deflecting and reducing the shock wave effect on the valves, and also for
directing fresh fuel to the centre of the combustion chamber. The space factor
of the combustion chamber is increased and combustion of fresh fuel is slightly
retarded; fuel is deflected away from the walls of the combustion chamber into
the resonance tube.

The main fuel tank is pressed from 0-8 mm aluminium alloy and rubbed
down with emery paper to a thickness of 0-4 mm. The right-hand half of the
tank is filled with balsa which has been soaked in K.153 resin, and contains a
sump with a built-in filter. Petrol fills only the left-hand half of the tank. The
carburettor is axial and has ten 0-8 mm openings.

To obtain the resonance frequency the afterburner is moved along the
axis. The engine can be started by moving this afterburner right up to the engine
grill and then right away from it. In ordinary operation the engine is reliable,
but the thrust it develeps is insignificant—about 1 1b. By moving the afterburner
along the diffuser, I have obtained a thrust of over 11 1b. using an additive.

The secondary fuel tank is mounted on the wing. It comes into operation
with centrifugal effect. The afterburner fuel flows from two 0-3 mm holes in
this tank—these are located an inch in front of the main burners. A spark-plug
is used for starting the engine.

This transfation from “Wings of the Fatherland™ explaing part of the story of the achievement.
The “afterburnes” and method of contral remain a mystery, althouvgh the former appears to be & device for
introducing additfonal fuel once in Flight, in the same way as 3 conventional speed model employs a
cemtrifugal Fuel switch. Controf seems to be non-existent, the model being flowen on 3 single line, relving on
the pre-set trim tab to remain airborne.—Editors,

George Ferryman's )

VDAY Frop '\\I

> This clipping from FREE FLIGHT, the
= Mational Free Flight Society Digest

o {U.5. A, March-April issue, 1972, is a self-
explanatory experiment in variable
diarmeter and variable pitech propeliers
for rubber-driven maodels, George Perry-
man has never been one for conventian
and this deviee may give inspiration to
further developments. The slider must
Wire Wrap & Solder of course be a smooth-riding fit in the
fmitted for Clapity square section guide for full effectiveness,

Blade S‘tl::?/
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DISPLACEMENT OF THE NSU-WANKEL ENGINE

In December 1971 the CIAM {(Models Commission of the
FATI) accepted a proposal that the rotary piston engine be
admitted mto contests. Here 15 the supporting document.

HE status of development presently achieved with the rotating combustion
engine, NSU-Wankel, necessitates a classification. The swept volume is
considered as basis for motor-sport events and in some countries defines the
vehicle taxes for cars. In the aeromodelling world the FAI has now recognised
the Wankel engine as defined by the following description of swept volume.
The NSU Motorenweke Aktiengesellschaft at Neckarsulm, which has
developed this type of engine, and the Daimler-Benz AG at Stuttgart, which

- D
|

Voo =0325(C°-D°).b  Fig. i
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Left and right: The latest
version of the ©.5, 5 c.c. Wankel
motor, seen with its silencer.
Engine is remarkably quiet
when so equipped . . . maybe it's
the answer to the flying field
noise problem. Performance of
latest wersion is considerably
improved. The ground surfaces
of the rotor chamber front plate
(and backplate) are now alu-
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minium  instead of metal-

sprayed steel,

has studied this development from its beginning and for a long time has tested
engines of its own design, consider the definition of swept volume as follows:

1. Definition of displacement

Generally, piston engines are prime-movers in which an expansion
process inside a sealed volume is utilised to generate torque on a power
take-off shaft.

The rotating combustion engine must be considered a piston engine
according to this definiion. The wvariable volume working chamber is
achieving a max. and a min. size.

The swept volume means the difference between a max. and min. size
of the working chamber. For the reciprocating engine the swept volume per
cylinder is calculated by

\l'rz = £ - S
4

For the NSU-Wankel engine the working chamber is changing
between a max. and a min. size. The displacement is defined by following
formula:

Vi — 0:325(C*=D?)
whereby: C 2(R+E+a)
D = 2(R—E 1a)
factors C, D and B can easily be measured and controlled (see Fig. 1).
2. Multi-cylinder engines

By combining several cylinders with a corresponding number of
pistons, each cylinder having its own intake and exhaust ports and a separate
means for ignition, a multi-cylinder engine may be established. In all cases
it may be split up to a one-cylinder engine. The rotating combustion engine
with one rotor and one housing shows only one intake port, one exhaust port
and one spark plug. It must be considered as a one-cylinder unit.
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Only by joining several trochoidal housings (cvlinders) in which
several rotors (pistons) are working may it be built up to a multi-cylinder
engine.
3. Workmng process

It is the purpose of each combustion engine to generate torque by the
expansion of the burned gas. The expansion stroke 1s the target for the
preparation of which several auxiliary operations are necessary. These
auxiliary operations, which are called intake, compression and exhaust stroke,
may occur above the same side of the piston and within the same chamber
in which the expansion stroke takes place. However, this may also occur in
other chambers of the engine, for instance within the crankcase of a two-cycle
engine. In this connection it should be emphasised that the walls which
enclose the combustion chamber need not be identical after completion of
one working cycle. For instance, a two-cycle engine controlled by a rotary
valve rotating at one-third of the crank speed will not complete its cycle
before three complete revolutions of the crankshaft. Such engines have been
designed and built. Although after completion of a working cycle one part of
the combustion chamber is formed by a different surface area of the rotating
valve, this engine is a one-cylinder, two-cycle type.
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The NSU-Wankel engine has
two additional chambers in which
auxiliary strekes are occurring. The
deciding expansion stroke does always
take place in the same position of the
housing at the corresponding phase of
the rotor.

The four-cycle engine requires
two complete revolutions of the crank-
shaft to be ready for a new torque
impulse.

The two-cycle engine requires
only one revolution. The rotating
combustion engine is likewise ready
for the following power impulse after
one revolution of its shaft. Therefore
it is completely comparable to a one-
cylinder, two-cycle engine.

Below: The front and rear plates of the 1970 71

model ©.5. Wankel motor (left) compared to

those of the latest 197171 version. Mote re-
shaped induction ports.

Surface for
1 - igaitian ™.

T STROKE
ERIGIME WITH
ROTARY WALVE

M CYLIMDER HEAD
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4. Two-cycle engine and rotating combustion engine

This identity can be seen from the formula defining the power, which

for both engines is the same:
N — 1-V.-p.-n [HP]
60 - 75

It must be emphasised that a rotating combustion engine will perform
at no higher output than a two-cycle engine which reaches the same volu-
metric and thermal efficiency.

5. Torque diagram
The torque diagram showing the effective torque on the power-take-off

shaft is a deciding criterion for classification of a piston engine. The shape
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shown in Fig. 2 makes it clear that the NSU-Wankel is equivalent to a
one-cylinder, two-cycle engine.

It is irrelevant that the expansion stroke spreads over 270° of the
crankshaft, while in a two-cycle engine it takes only 180°, Starting with
identical indicator diagrams the torque areas are identical too; that means
both engines show the same output.

6. Definition of the rotating combustion engine as a three-cylinder unit
As emphasised before, there 1s no reason to consider the rotating
combustion engine to be a three-cylinder unit as far as the design and

operation is concerned. If it would be a three-chamber engine the formula
for the output would look as follows:

n

3.1 Veopa-3
6075

Hereby a speed %sh{}ws up, which actually does not exist in the engine.

N =

[HF]

The rotor is transferring the gas power to the shaft without absorbing
any torque itself.

The only part of the engine which is affected by a torque is the
eccentric shaft. Therefore only the speed of this shaft provides a basis for
calculating the output.

Summary

The formula for the output of a two-cycle engine and the torque definition
fully correspond. Actually there is no reason to valuate the NSU-Wankel engine
different from a one-cylinder, two-cycle engine.

Examples:
Reciprocating Engine Rotary Piston Engine
D =24 mm, § = 22 mm. C=58mm,D —43mm,b = 20mm
_ D2~ Stroke area -325(C*—D?) — 4-92 ¢m*
Piston area — 2 = 452 cm? Wh = 492 cm® %2 cm = 9-84 cm®

Vh = 452 cm® % 2:2 cm = §-944 cm®

Manufacturer’s specifications, once checked by a neutral institution, should be
accepted as a guarantee for the uniform dimensions of all production engines, for
a change in piston diameter or trochoid dimensions would result in a completely
different engine type due to the high manufacturing standards involved.

Manufacturer C D Stroke Area b Swept Volume
0-325 (C2—D?7)
1. Graupner, S0mm | 38 mm 3,432 em® 187 mm 6-42 em?
Kirchheim Teck . " . 16-0 mm 549 cm?
" " " 150 mm 515em?
. " . 145 mm 4-98 cm?
" " +s 12:0 mm 412 em?

" 10-0 mm 3-43 em?




32

AEROMODELLER ANNUAL

e R

Detechable seation

SCALE

1]

LR

SUNDAY

SPORT R.E.

{Rotary Engine)

bt T. SAKAIl for the

NSU-Wankel engine !
made by O.5 for .
Graupner | |
......... | 3-3:’-'4" . ="
—— . 1.516" 1.8714"
N
e ML
lip rike
Seciens half zize
—
— —_—
—
--..___‘!
A"
— —
B _ _ — e i——" kaat rib

BT TECHRMIQUE



AEROMODELLER ANNUAL

¥
&0y

DELTA KATT

Boost glider—the glider portion

by G. HARRY STIMNE
L.5.A.

% T Sk |

176"« 2 / Full-4ize templargs
|
/ | Stab. 2-oil

'_{» Ruodiders dafF
ST

SOALE 122

MADDEL ROCKETRY  Uhd

33



34 AEROMODELLER ANNUAL

ELECTRIC POWER FOR RADIO CONTROL
by M. Masuda

Bar:[-: twelve years ago, in the 1960/61 Annual, your compiler, Ron Moulton,
closed a summary on electric power experiments with a forecast that the
ready moulded electric model with clip-in batteries would be in great demand.
Fred Militky’s pioneering with his Graupner ““Silenrius” led to a second feature
in the 1962/63 Annual where Ron Moulton discussed the water-activated cell as
a weight-saving possibility for the electrical power source. Meanwhile there have
been other experiments. Notable was the achievement by Roland Boucher of
California with his large Fouwrnier RF4 scale model which has flown for con-

Top: The Mabuchi model.
Wing and tail surfaces
are of conventional balsa
structure, covered with a
translucent polyester film.
The fuselage i$ a built-up
prototype for what is
obviously intended to be a
plastic moulded product
when the whole project is
prepared for mass dis-
tribution. At left is the
bank of six |- volt rapid
re-charge nickel cadmium
type cells. Each is smaller
than a standard pen-cell.
Re-charge time is only
4 minutes. One switch is
for propulsion motors, the
ather is for the radio
cantral circuit. Mote the
“If Jost..." notice in
Japanese. Span 37{ in.,
length 28 in., weight 1% oz.,
area 160 =q. in., loading
Il oz./sq. ft.
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With nose cowlXFand its
front bearing for the
extension shaft removed,
the Mabuchi electric
motor is revealed with
its reduction gears. The
motor is designed to
operate at 10,000 r.p.m.,
with propeller speed of
4,500 r.p.m. Propeller dia-
meter is just under 9 in.
and the pitch 61 in. Balow:
Mr. HKen-ichi Mabuchi,
President of the Japanese
company which has made
millions of electric motors
annually for the toy and
hobby trade, with the
prototype on which a
Kraft digital proportional
radio control owtfit is
installed with two servos,
for rudder and elevator.
This model is not exactly
the same as the one in
heading opposite. Mote
diference in tip dihedral,

“M

siderable distances. Electric powered radio controlled models have been success-
fully flown by many individual experimenters but not until 1972 did the project
become something for everyman. The Mattel Company launched an electric
powered ready to fly model with a Mabuchi power unit after their work on the
rapid re-charge *““Sizzler” model car. This model has yet to reach Europe in
numbers as we write; but R/C variations have been flown in the U.S.A. What
they have done is to overcome the two serious snags of electric power, namely
(1) power to weight ratio, and (2) economics and convenience of operation.

In the first instance, it is the phenomenal output of the little Mabuchi
units which were modified for slot car racing that has led to excellent power to
weight ratios in the motors themselves. The motor in the model seen on these
pages is said to be equal to a -09 (15 c.c.) internal combustion engine! The rapid
re-charge cells, which have also become possible over the last year or so, improve
the power factor considerably and at the same time make the whole proposition
practical. Now one can re-charge from a car battery through the cigarette lighter
socket! The Mattel unit re-charges from a lantern dry cell. What we show here
is a glimpse into the future. Consider the size and weight of models which are
flying most successfully in 1972 and think of control-line, boats, powered gliders,
even helicopters.
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Above: A view inside the
fuselage shows the two large
resistors, which are probably
in the battery circuit for
propulsion, and a magnetic
actuator which operates the
rudder by rocking the torque
rod, a wooden dowel seen
entering the rear fuselage.
The magnetic actuator is the
lightest form of proportional
control, having the disadvan-
tage that the rudder is con-
tinuously “hunting™ from side
to side, but it biased according
to control, in one direction or
the other. In the view below,
the receiver has been added
above the activater and is held
in place with foam plastic.
At left left to right : Ken-ichi
Mabuchi, a Mabuchi mechanic,
M. Masuda and Takeo lsobe
of "R/C Technique”, wait
while batteries are re-charged
for more flying.
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MAKING POLYESTER PLASTIC FUSELAGES
by Pham Anh Tuan

THE modellers who are prepared to make their own polyester fuselages know

the type of aircraft they want to build, so we will assume they can carve the
master and cast the female mould. We must now consider the question of actual
lay-up of the fuselage.

The aim of this arricle is to give readers as many hints as possible to
enable them to go ahead without further undue difficulry.

Moulds are made of the same material as the fuselage, ie.

1. a base resin,

2. the gel coat,

3. the release agent,

4, the glasshbre (medium weave: about one mm).

The fuselage should be built in a well-aired room. A workshop is the
most suitable, but if one is not available, use a room with large windows which
can be opened fully.

The principle of construction is as follows:

The fuselage mould is in two halves. The two halves are joined together
with bolts, and a band of glassfibre martting is used to reinforce the seam.

The object is to put a smooth piece of cloth (or mat) over the release agent
inside the two halves of the mould. First spread the release agent generously over
the joint area, making sure the surface is covered with release agent and that no
excess builds up inside the mould. Leave it to dry for at least one hour, The
release agent must be completely dry.

Tail angle
- st 117 datum line - -
= — . - 7 - T
-p',f_irlg “d""'glle :
- 47 '_]




AEROMODELLER ANNUAL 43

Reinforcing strip
for joining halves

One half of the mould, with X
fManges to bolt to its opposite, but
opened up here to show how the
reinforcing strip is fitted.

After this, prepare a dose of gel coat and add to this the catalyst, Using
a paint brush, apply an even coat of gel over the dry release agent. Too thick a
layer of gel coat will impair the solidity of the fuselage.

Leave it to dry for about half an hour, until the gel coat 15 tacky, While
waiting, cut the glassfibre into two pieces sufficient to cover each of the insides
of the moulds, leaving a few inches for overlap.

The glassfibre is then applied to the gel coat in the two halves of the
mould. Gently rub the glassfibre to ensure perfect adhesion to the gel coat;
this will determine the final finish of the fuselage.

Now, prepare a larger quantity of base resin, adding less catalyst.

Using a paint brush, spread the base resin evenly over the glassfibre,
paying particular attention to the seam (make sure the glassfibre does not bubble
at this place), and other areas such as the wing supporting flairs, fin leading
edge, etc.

Reinforce the glassfibre in those places which are more susceptible to
damage, i.¢., the nose of the fuselage, the wing supporting fairings and the fin, etc.

Have a sharp knife at hand.

When the resin has almost set (when it is firm} cut away the excess
glassfibre,

The two halves of the fuselage, though stuck together in the moulds, are
now ready.

Now, the two halves must be joined securely.

We have already said it is very difficult to make a clcan join at the fin
without taking special precautions.

Cut bands of glassfibre approximately one and a half inches wide; these
are for the seams.

Elegant shape of this radic contralled
model fuselage, made by Pham Anh
Tuan of Paris, shows exactly what ecan
be done once one acquires the 'know-
how'' on epoxy forming. Heading
opposite displays twins from the same
mould, with the large aperture left for
the wing root to give access for laying
up the glassfibre in the mould.
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Flanges for holting together

P
— FiODE - /Crm! section of the mould with flanges
FIBREGLASS split apart for clarity. The strips are
STRIF edged into place aver the mat or glass

eloth which has been laid inside the sealed
mould. It is best te do all the work within
the moulds even though access is difficult,
ecarly removal being prone to distortion
OF CUrving.

Cut a small band of glassfibre for the tail fin leading edge. Dip the band
in base resin, put it on one side of the tail fin and curve it along the leading edge.

Do the same with the other inaccessible parts, i.e., the inside of the
fuselage near the tail fin.

Work through the apertures left at the base of the fuselage for the wing,
and at the rear of the fin, using sticks as spatulas and a long-handled paint brush.
The glassfibre band must be moved into position while the resin is still fluid.

With the two halves assembled, the job is now three-quarters completed.

All that remains to be done is 1o apply the glassfibre strip to the
other seams.

This 1s a difficult operation due to the lack of access. The band must be
rolled up, soaked in resin, placed on the accessible part of the seam, and un-
rolled with the aid of a long and curved spatula.

The second “trick™ is to put the resin impregnated strip on to a piece of
balsa, slide this into the fuselage and turn it upside dozn so that the strip drops
onto the seam,

Once this strip is in position, cut off any excess material.

Leave the fuselage for several hours so that the resin is perfectly dry
before taking away the moulds.

Unscrew the mould retaining bolts.

With the aid of a screwdriver, gently prise the two halves of the mould
apart, paying careful attention not to damage the joining surfaces of the moulds.

Gently press away any excess glassfibre along the seam of the fuselage,
then wash off the release agent with water.

Two fine fuselages here! Note
the integral fairings for the
wing seating and tailplane, and
the ready prepared outlet for
the rudder push rod.
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You now have a glassfibre fuselage.

The back of the fin should be blocked with a piece of balsa and fixed
with resin. This will provide a firm mount for fixing hinges.

On the inside of the fuselage, cross ply the matting to aid strength

One might imagine a great deal of work being involved in all this. In fact,
the opposite is true!

Once the formers and engine mount are installed, the rest is casy.

Bearing in mind the precision of the mould, the formers can be cut and
pierced beforehand—this is, of course, a great advantage.

The fuselage should be rubbed down with a fine wet abrasive material
(grade 400) before being painted with Epoxy.

With a little experience, it is possible to build a fuselage in one evening.

Cost is relatively little.

With this type of material it is possible to build models weighing less
than 6} lbs, quite suitable for competition flying,

The two main advantages, therefore, arc speed and cheapness, and also
versatility of fuselages thus made. Rounded curves, aerodynamic forms, wing
supporting flairs, etc., are difficult to realise when using only balsa for con-
struction.

Many people decry the use of polyester plastics for fuselages. They say
that this type of material gives rise to vibration and interferes with the radio
equipment.

We do not agree with their views. Vibration has never given any trouble.

During many months of flying the author had no trouble at all. The
servos were simply stuck to the side of the fuselage on rubber mounts. Reasoning
is quite simple—the sides are fairly resilient and quite elastic in themselves,

Gliders, Control-Line and other types

Although the text has so far dealt exclusively with a radio controlled
subject, application of the same method could produce fuselages for other types
ranging from team racers to slope soaring gliders. In fact, the control line models
have a lot in common with the radio example except that they are in general
smaller. For some subjects it will be necessary to add extra reinforcement,
around the nose of a glider for example, and also to prepare for removable
hatches which will have to be cut away.

As a club project, the polyester fuselage has a lot to commend it. Shared
cost of the original carved or plaster shaped master, and the preparation of the
moulds, will result in production line procedures which bring satisfaction to a
whole group of clubsters. Moreover, it introduces a club “shape” of model—
a uniformity that some people like to adopt for identification on the field.

Material Suppliers

Supply of materials is fairly easy to locate. There are specialist companies
who have long been loyal to the modelling movement for example,, Bondaglass
and Format. The latter, at Northbrook Avenue, St. Giles Hill, Winchester, have
produced special kit sets and can offer a vast range of epoxy materials. In fact
it was after a visit to Format's original workshops that the author of this article
felt qualified to write and give his knowledge to others who might otherwise have
been mystified by the very term “polyester plastic™.

Try it—you’ll like it!
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DRAWING AIRFOIL SECTIONS BY COMPUTER
by Naftali Kadmon, B.A., M.Sc.

IN the June 1972 Aeromodeller 1 found an advertisement (by X-Acto) carrying
a headline which so well described my attitude towards another item in the
same issue—ES Airfoil Sections—that I wish to quote it in full: “ Just because
vot're a hobbyist doesn’t mean you have to use amateur tools.” Manually enlarging
or reducing airfoil sections from a set of coordinates is a tedious business, but
producing a set of templates for a single standard section which has only scale
constancy to recommend it is only one way out. The modeller who wishes to
employ well-tried sections for which 100-based coordinates are available, or
develop his own sections, must still redraw his ribs (sorry, those of his model)
at different sizes.

This can be done very conveniently with the aid of the most modern of
tools—the computer. As Chief Cartographer of the Survey of Israel I have an
IBM 1130 computer at my disposal, as well as a so-called drum plotter (which
is an automated drawing instrument). I therefore wrote a very simple and brief
program in order to have the computer, which is normally employed in plotting
maps, draw airfoil sections in its spare time. A computer-cum-plotter installation
is today found at many industrial, technological and academic establishments,
and I am sure many readers of Aeromodeller have direct access if not to a com-
puter then at least to a programmer-friend (or perhaps to that most lovely
component of computer software, namely the pinkwear—which is the terminus
technicus for a punch girl).

For the benefit of those modellers who fit this description, or who even
are programmers themselves, I offer two slightly different approaches to fast
automated drawing of airfoils, depending on the degree of sophistication of the
computer-plotter combination. In both cases the X and Y coordinates of a
section must first be punched on cards (or recorded on any other suitable input
medium such as paper tape or magnetic tape). With 30 airfoil points recorded
each by two coordinates of four figures (i.e. 8 figures for each point) this could
be done on as little as three cards (a punch card has 80 punching positions or
“columns™)! Alternatively—and this is more convenient—we can use one card
for each point on the airfoil. Let us assume that these coordinates are 100-based
in accordance with accepted practice, although any other base or size would do.
The computer now reads and stores these punched basic coordinate values.
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Now we have to decide on the actual chord length of each rib, say C: (this
can also be easily done by the computer itself if root and tip chords as well as
rib spacing are known). If we multiply each basic coordinate by Ci we arrive at

100
the actual values for drawing the section. This is, of course, exactly what we do
when we project our ribs manually. But with the computer doing all the
calculations, we now punch these values of E (let’s call them the scale factors

100
for each rib) only once, and not once for each point on the section, on another set
of cards, say each scale factor on a separate card.

If our plotter is slightly sophisticated and can draw a smooth curve
through the given set of points, all we have to do is to employ the proper
computer sub-program (which is permanently stored in the computer; we do
not have to bother about this} simply by “calling” on it, and this will draw the

Fig | (below): FORTRAMN program for plotting airfoils on a drum plotter in a series of
shart straight lines. Heading opposite is of a typical punch card.

PLOTTIKG A GIVFN AIRFOIL SECTION AT NIFFERENT CHORD LENGTHS

PROGRAM AY N, KADMOM, JERUSALEM, 1972

D00

PROGRAYM ATRFOIL (INPUT,OUTPUT)
OTHMENSTOM X (1003, Y0100, IPENCLOD0) X1 C400Y oY1 (100}
TALL NAMPLT
CALL PLOT (10a+0.,=30
CALL SYMAOL (14,404 p1le s 1T3HN, A, Colle BLOG,D0.,1T)
I=1
PRINT 101
171 FORMAT{ LML, /77, 10%, FAIRFOIL SECTION COORDINATES*,//f)
102 READ 183,%X(I3,Y{I1 4, IPENIT)
19% FORMAT{2FhL, 7,171}
IF{IPENI(T) .EQ.9) GOTOL0G
PRINT 104y X {I),Y(I) ,IPENITY
104 FORMATOI0K  ZIFS5.2,50),1I1)
I=I+1
GOTD in2
105 PRINT 10F
104 FORMAT( /74 1DX, *SCALE FACTORS®, //)
107 READ 10R,SCALE
108 FORMATIFL, 2)
TF{SrALE.ED.C,.O00) GOTOL11
PRINT 109, SCALE
109 FORMATILON ,F5,.2)
00 110 J=1,I
XLOJ) =X () *SCALE
¥4 (J)=Y (J) *SCALE
CALL PLOT (X1{JY,YL0J),IPENTJ)Y
111 CONTTHNUE
Cﬂ.‘_‘. FLﬂTtﬂ.,E-,-J}
GOTOD 107
111 CALL PLOT(25.,0.,=3)
CALL ENMDPLT
PRTNT 112
112 FORMAT{//F 10X, *END OF PROGRAM ATRFOTIL®*,/,1H1}
END



56 AEROMODELLER ANNUAL

line. But for each rib we first let the computer multiply the coordinates by the
proper scaling factor before plotting—and presto, here comes our set of sections,
neatly drawn in tiny steps on plotter paper which can be directly glued to the
balsa sheet for cutting out. If, instead of on a drum plotter, we plot our sections
on a so-called flatbed plotter, completely smooth curves can be achieved,
- although the difference between these and the “stepped”™ outlines drawn by the
former is so small as to be of no practical significance. However, flatbed plotters
are neither as straightforward to program and operate nor as commonly found
as drum plotters.

The main program steps, written in the Fortran IV programming
language, are given below. X(I) and Y(I) are the coordinates of the i-th point,
IPEN is an instruction telling the plotter whether to lower the pen for drawing
on the paper or lift it; n is any number greater than the expected number of
points measured on the section, say 50; 101, 102, 103, etc., are arbitrary
“statement numbers”. The reading formats in parentheses should be inserted
by the programmer to suit local conditions. SCALE is the scale factor given
separately for each rib.

DIMENSION X(n),Y(n),IPEN(n)
I=1
101 READ 102,X(I),Y(I),IPEN(I)
102 FORMAT (.....)
IF (IPEN(1).EQ.9) GO TO 103
I=1+1

GO TO 101
103  READ 104, SCALE
104 FORMAT(.....)
IF (SCALE.EQ.0.0) GO TO 106
DO 105 ] = 1,1
X1(]) = X(J)* SCALE
Y1(]) — Y(J}* SCALE
105 CONTINUE
CALL CURVE (X1,Y1,I)
GO TO 103
106 END

For technical reasons the coordinates should in this case be entered in
reverse order in a continuous string, starting and finishing at the trailing edge.
Furthermore, for proper spacing of the sections the pen “origin” should be
moved by the program somewhat before starting on each new rib (see Fig. 2).

If your plotter can only draw straight lines you must supply the computer
with a denser grid of points on the original section. This necessitates ‘““digitising™
the section more fully, i.e. measuring off coordinates of points between those
supplied in the usual tables. The Fortran program outlined above must then
be slightly modified: instead of statement 105 and onwards we write

CALL PLOT (X1()),Y1(J),IPEN(]))
105 CONTINUE

GO TO 103
106 END

All this looks somewhat complicated, but it really is net. For those
modellers interested in this method—and also for those, all envy, who still have
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Fig. 1: A series of wing sections drawn by the program shown in Fig. 1.

to draw their airfoils the laborious way—here are a few details about operating
times. Writing the program took about twenty minutes. Digitising the original
section may take between O (if a table of coordinates is available) and half an
hour. Punching both program and data takes another half-hour (unless you are
a punch girl). But all these operations have to be done only once. Running the
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program varies, of course, with the type of computer employed. My own
program (shown in Fig. 1) needs approgimately 3 to 5 seconds of Central
Processor time, and plotting takes some 3 to 6 seconds per rib. Now if we have
drawn a set of twelve sections, say from 3 in. to 5 in. chord, and wish to draw
another set of fifteen ribs from 4in. to 8in., this will sull take only about
one minute! The writer now has access to a complex flatbed plotter which will
draw the rib outlines (with spar notches and all) directly on 1o the balsa sheet.
But this is more than the average modeller can hope for unless he can spare
some £20,000.

The program described above is, of course, quite elementary. With a
suitable modification one can feed in the coordinates of different root and tp
sections, even with washout, and have the computer plot all intermediate
sections at their proper incidence. But since practically every quantitative
problem in aeromodelling can be solved by computer I'd better stop here!

HELPING THE TIMEKEEPER TO KEEP YOUR
MODEL IN SIGHT LONGER

THE following notes on colour visibility from Frank Zaic’s Model Glider Design
may squeeze a few more seconds out of the timekeeper.

The Physical Society of London publish a table as under, giving the
effective visibility range of traffic lights:

Colour Range in Miles Colour Range in Miles
Red . . 3 w3l Yellow . . 1ltold
Green . . 2ito3 Blue .. 3tod
White . . 2 to2} Violet . . it}

Orange yellow to vermilion orange colours have been commonly accepted
after many tests in actual aircraft operation as the most visible colours con-
trasting with land, sky, verdure and water. These colours are also durable and
resistant to fading.

Another interesting table by Le Courrier from The Scientific American
gives legibility of various colour combinations, and though primarily intended
for advertising purposes may be useful for model aircraft trimming:

Legibility Legibility
Order  Decoration  Background Order  Decoration  Background

1 Black Yellow 7 Yellow Black
2 Green White 8 White Red
3 Red White 9 White Green
4 Blue White 10 White Black
5 White - Blue 11 Red Yellow
6 Black White 12 Green Red
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DEVELOPING THE
BREED—

DEVELOPMENT
OF A/2 WINGS

by Jim Baguley

Avuthor and the “Classic™, his
Al specification design which
has proved to be very popular
since publication in  Aero-
modeller—see reproduction of
plan opposite. Full size copies
are available price 50p from
Aeromodeller Plans Service,
13/35 Bridge Street, Hemel
Hempstead, Herts.

THE design of an A/2 glider is inevitably a compromise. This is because many
of the features which increase “unaided” performance decrease stability,
and to provide a perfect solution can result in a complicated model which then
defeats two other features which are desirable in a contest model, expendability
and reliability.

This article is mainly aimed at the development of A/2 wings as a
supplement to the “Classic” feature in the June 1972 Aeromodeller and my own
developments in this respect; the remainder of A2 design being fairly stereo-
typed these days, except for gadgetry, based usually on a 26 in. to 28 in. tail
moment with 80 to 75 sq. in. tailplane of section to suit that of the wing.

To explain the opening paragraph, consider the findings of Peter Allnutt
and Kenneth Kaczanowski published in the 1971/72 Annual and of common
knowledge from basic aerodynamics. The following changes to wing features
all increase unaided performance if kept within certain limits:

(1) Increase of aspect ratio.
(ii) Decrease of section thickness.

(iii) Increase of section camber.

(iv) Location more rearward of section, maximum camber,

They all tend to decrease stability, longitudinally or laterally, and (i) and (ii)
affect wing rigidity, improvements in which can increase wing weight and further
affect lateral stability.

Wing shape is another variable with little meaningful data to support
various preferences. I believe that a bluntish, rounded tip shape with section
taper to a sharp edge is relatively efficient but some “still air” models with very
good duration have plain blunt ends to the wings!

Dihedral breaks and wing-to-fuselage ioints have some effect but on a
practical contest model it seems not to be worthwhile having “curved” tip



65

AEROMODELLER ANNUAL

._ e a7 G e

 CLASSIC
The feamodeliar Pl m.m!._nr.

D ke P, les bt ree

LN P RN T

st._.....:_s_q..._ :u. .r..r|. R

a1 el e Do a0 . B ey i

&nﬁiﬂihulw - .

e T . Eph—— eGSR - 90" e Al i i

Ty,
LR i w2

L

bapep vy g Wop b, s e Wi d ETAYCRER Py T e —
= wrayil A TALL AL L Pl

H.' R LTS

I R (.
- £l Aamars mar Af L
. e T T T qL
s T e e = o e
= r ks T T
— = " -
i vl e L D bt b 0 3 O P N . — r.u.....-.“.

A,k 1 s T ek e

_.
R ]
0w oI

T

[ T 1L
= bk

o
H|




66 AFROMODELLER ANNUAL

1/32" PLY PULLED OVER AND STUCK

1/8" BALSA SHAPES AS WING UNDER CAMBER

dihedral and most “drag-free” wing mountings, e.g. slender pylon, are either
complex or too flimsy.

Before covering some of the practical development stages, a few general
words on construction design might be useful, although John (’Donnell gave
some very good ones in his “Free Flight Comment” feature that regularly appears
in Aeromodeller.

Use fairly large wood sizes, zot a lot of small spars, for easy construction
and good local strength. Taper the strength off from the centre and use lighter
grades of wood at the tips.

Use adequately strong joiners for two-piece wings, e.g. twice 10g. wire
dowels and, if using these, fix the tubes fairly securely to the main spar(s) and
leading edge and possibly trailing edge for continuity of strength, so that the
ribs are not taking a load for which they are not intended. Also, with wire joiners,
remember that the end of the joiner is the main stress point and that extra
strengthening should taper off after this.

Use spruce liberally but taper it off rapidly. Locally strengthen handling
points and rubber band bearing positions, e.g. sheet underneath at the wing
centre, plywood facing ribs, plywood added over the trailing edge at the wing
centre, etc.

Use geodetics where the wing section is fairly thin.

Strengthen the ends of weak rib trailing edges with gussets.

Make tips break off easily to avoid complicated damage by butting them
at two thick ribs. They can then be epoxied on quickly in a contest with no trim
change. Make all joints accurately and force nothing into place; this will be
repaid by a lack of trim changes.

An aid 1o accurate building which enables me to build as quickly as I do
is a simple jig made to the shape of the wing undercamber as shown in Fig. 1.
If more than one model is to be made, it is well worthwhile in time alone.

Around 1964 I had finished with a fairly standard 6in. chord, tip
dihedralled wings, using the section and construction shown in Fig. 2. Con-
structionally, the bad points are the load taken by the ply centre ribs which bear
the wire dowel joiners, and the abrupt change of stress at the end of the wire
dowels, since the spruce spars in the centre section were not tapered. It did,
however, take quite a load to break them.

In arriving at the start of the present series there were a few experimental
deviations, some of which are shown in Figs. 3, 4 and 5.

Fig. 3 is the Lindner wing which 1 found to have taken performance too
far for all-weather stability (mine was well made and trimmed). It seemed fairly
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Author with the “Classic” at left,
shows the slender fusclage and
emphasises the airfoil under-camber
in this photo angle—see Fig. 10 for the
section. Below is the prototype of the
Keilkraft "Aquarius™ kit, which will
revolutionise A'2 madel construction
with use of pre-moulded plastic ribs,

strong, probably because of the fairly high camber and flexible aluminium alloy
joiner, but it had a tendency for the edges of the tongue to break out of the top
surface at the centre and is not a very goed stress proposition consequently.
Iig. 4 is the B7457d/2 which was popular for a while, particularly in the
U.S.A. T used it with sheeted upper surface and the illustrated copy of Norman
Ingersoll’s design. Without dwelling on the obvious follies in the illustrated
construction, I, in common with others, found the section to have very variable
stability results despite all manner of trim changes and use of turbulators.
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Fig. 5 1s the Davis -93/-17 and with a section of this thickness and a

1 in. chord you can get away with even the simple construction shown! It is

not a “ghding™ section but it is surprising to observe that certain well-known
designs do glide well with it.

The B6456F shown in Fig. 6 was the first of the present series, leading to
the “Classic”. It was (as now) used on a 5% in. chord, which I consider a practical
minimum for all-round contest flying. It was too flexible and would not retain
a trim. A way could not be seen to rectify this without considerable weight or
complexity increase so, despite a very good glide, it was discarded (after making
a solid sheet pair of wings which weighed 10 oz.!).

Mike Burrows’ section in Fig. 7 (or ene of several of them!) was tried out
and fared better but did not glide as well and was still too flexible torsionally.
It was very strong in bending, as have been all subsequent wings, owing to
suitable joiner anchorage and spar tapering.

It was realised at this ume that the B6456F and Burrows’ secticns had
nearly identical undercamber. It was therefore decided to try a section having
the average of the upper surfaces. This is not a very scientific procedure but
I doubt if many of the sections used by modellers are created in a better way!
It has been used since and has proved successful, enabling a reliable construction
to be developed and having a good “‘unaided” performance.

The section derivation 1s shown in Fig. 8 and the censtruction used on a
number of models in Fig. 9, which was still too flexible in windy conditions
despite diagonal ribs aft of the main spar.

Obviously decrease of aspect ratio or increase of section thickness would
rectify this but at the expense of performance, so the “Classic” construction
in Fig. 10 was designed.

With “Union Jack” rib construction, it is torsionally rigid. The spruce
‘1" spar and leading edge strengthener, to which the joiner dowel tubes are
anchored, taper after the dowel ends to nothing about halfway along the centre
section. The additional usc of a ply facing rib makes a very strong wing which
has yet to break on tow.
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Opposite, and at right: Two
views of the Jim Baguley
degignnd KeilKraft “Aquarius”
which has a Benedek section;
see Fig. || an page 6%, with the
ribs supplied in plastic. Mote
the simplicity of the design,
which will make it a favourite
among sports fliers as well as
contest enthusiasts.
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A version with more top camber, more like the original Burrows’ section,
has been tried but was not trimmable until turbulated. Even then the stability
was inadequate. Reasons can be invented to explain this, the most likely being
that the tissue covered Burrows’ sections have less top camber due to tissue sag
and may also be turbulated in just the right fashion by the ridge at the back of
the leadmg edge.

Other well-known sections are shown in Figs. 11, 12 and 13.

Fig. 11 is the B8586b I used on the KeilKraft Aguarius. It is a good
reliable section of moderate gliding capability and is sufficiently thick for easily
achieved strong construction, .. ideally suited for a kit model.

Fig. 12 is the Hirschel section reputed to be a B6356b, but seeming to be
a little thick, particularly at the trailing edge. In Jim Punter’s hands, it glides
very well and gives adequate strength on his Graduare with similar construction
to the Classic. Using the construction shown as en Hirschel’s 1967 A/2 World
Championship winner, I found it very flexible upwards with little uneven twist
o causc weaving on tow, but not equal to very windy conditions at the high
stress point at the end of the tongue.

Fig. 13 is the Kaczanowski GF6 which should have, as reputation says, an
excellent glide, but the camber is rather extreme and one wonders at the
turbulent air stability.

After all this, what are present-day trends ?

Frankly, simplicity and stability are felt to be mere important in these
tactical flying days. A good glide is often important; but for most contests 1s
rarely needed to be better than that of the Classic or similar designs. There 1s a
tendency to go back to 6 in. chord designed with less cambered sections. After
the cxtremely windy conditiens of the 1972 British season I am tempted to
build one of these—they bounce better off runways!
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Boeom  This is an identical process but more care is needed due to the smaller
diameter at one end on the taper. This can be made easier by working
from the narrow end first.

Jomnring  Is facilitated by leaving the inside lamination 1 in. or so larger than the
outer and the boom is slipped over and glued in place.

“Finish The nose can be completed by addition of a ply face and reinforced ring.

Tail end can be finished off with soft block. Plywood motor peg mounts
can be let in. Pylon, fin, etc., can now be added and the fuselage finished
ready for covering.

Conclusion

Further strengthening can be made easier by interleaving silk or nylon
between the laminations to protect against motor breakages. However, the
writer’s preference is to use a winding tube to protect against breakage and
ingress of lubricants as well as permitting the easy removal of brcken motors.

.

TORQUE OPERATED VARIABLE INCIDENCE TAIL
by George Xenakis

THE torque rod installation, below left, shows how the torque rod and the
drive-pin motion-transmitting tube and wire are installed in the fuselage.
Nete that the drive-pin should be resting against the bottom of the notch in the
bulkhead with zero torque in the rod. Shims are added to the point X to get
the required preload in the torque rod. Tail platform, below right, must pivot to
change angular position of tailplane as the torque of the rubber motor changes,
yet allow tail to pop-up for the dethermaliser function. The platform is pivoted
about the quarter chord of the stabiliser to minimise the aerodynamic loads on
the system. The aute-rudder is a by-product of the variable incidence tailplane in
that the angular motion of the platform is merely tapped to move the auto-rud-
der.

Reproduced from A TORGUE-RUTOEA NEUTRAL iy
FREE FLIGHT, R e T et L)

the NFFS Mewsletter
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The Technique of Magnet Flying

When hovering, the bird makes use of the slope up-current by flying
into it. We do the same (if possible, on an unobstructed slope) by adjusting and
launching our model into the up-current. Only in theory does the model maintain
a straight flight path. In practice, as a result of various factors, the model quickly
strays from course. Even the slightest deviation can cause it to crash headlong
into the slope (don’t forget that the wind speed has to be added to the model’s
own speed!).

Through its sensitivity the bird either consciously or unconsciously
compensates for the slightest air movements by elegant tail and wing movements,
which are hardly noticeable. The sense organ of our slope-glider is the ingeniously
simple magnet control invented by Hans Gremmer of Landshut. Today this is
available to all aecromodellers in its technically perfected form.

Magnet Control

The earth is surrounded by a weak magnetic ficld (here, it is almost
exactly 0-5 G Auss, measured in inclination). But this magnetic field is much
stronger than generally believed. Ships and aircraft make use of this field with a
compass to gain automatic direction readings. We use it in the same way when
flying on slopes.

The 1250/58 mm bar magnet is a large compass needle which pivots
on a sapphire bearing without any friction whatsoever. This centres itself on
north/south direction in the earth’s magnetic field. The manually adjustable
rudder is carefully set to the required angle in order to fly the model where
required.

Opposite: Norica-70 on release at an Alpine site. The crisp air of high altitude, strong light
and shadow coupled with the rugged snow-capped scenery made this a scene to capture
the hearts of all wheo like the peace and solace of moeuntain country.

Below: Everything takes apart. Wing joiners and detachable nese steering unit on the
Morica-70. The forward fin and its transparent base are rotatable in the fuselage recess
for flight trim.
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Herr Ludwig of Berlin launches his forward fin magnet model on the site in the high Rhone
valley. Slope does not appear to be much more than 30 degrees and height about 250 ft.
above the valley base.

If the model flies as planned into the slope up-currents, the rudder is
maintained in a central position, resulting in a neutral steering condition. It for
some reason or other the model strays from its predetermined flight path, the
angle of the axis of the fuselage changes to that of the fixed magnet and the
rudder connected to it.

In accordance with the angle of drift the rudder deflects in relation to the
fin. Like a wing with a slightly raised flap, the fin and rudder now have a lifting
profile. Since the steering mechanism is situated in front of the centre of gravity
of the model, the functions are reversed to those of a rear-mounted rudder. This
fact in practice causes more than a fair amount of confusion.

Rules for Test Flying

The first rule is to carry out test flights carefully and systematically
keeping a cool head—otherwise, the work of weeks could be ruined in seconds.

The second rule is to effect a few hand launches using the magnet and fin,
but not the rudder. If possible, this should be carried out when the wind is still
(either early in the morning or late in the evening), and not on the slope, but in a
field which is flat. The aim of this is to trim the flight path and balance the model
for forward flight. When launching the model by hand, take a few steps and
gently release it into the air. Pushing, swinging or hurling the model are mortal
sins.

It is clear to all aeromodellers that straightforward flight is an absolute
prerequisite for a well-behaved model. Straight flight can, of course, be trimmed
only without the rudder. In practice, however, it would seem that nothing 1s
clearly understood! Rule number three is to position the axis of the fusclage
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Modellers from Bavaria in Southern Germany at the annual Colibri contest in Austria.
Zunshine and soft breezes help make the exposure all the more pleasant.

and rudder precisely into wind. One cannot be too careful when trimming a
model. The magnet must pivot freely during this operation. A Perspex/celluloid
cap over the steering mechanism affords useful protection from the wind.

Once the model has been correctly trimmed, one need not worry about
its performance in the active slope winds. If the model is launched parallel or
obliguely to the slope, the speed with which it turns on to course (in seconds) is a
measure of the quality with which the model has been trimmed. Ideally, the
steering can be trimmed so that the model turns as quickly as possible. The most
successful slope flyers use this method. Such well-trimmed models rarely stray
from course.

The last rule is not to release the model too abruptly—and this applies
especially to the first launches. Aerobatics of any kind, especially those inducing
the launching process, can be more safely undertaken at high alttudes rather
than at lower ones. Over-caution can be detrimental!

If the model is well trimmed beforehand it should steer well, and take a
nice course into wind. This i1s and will always remain a great excitement!

Secrets of Successful Magnet Flying

The power of the steering magnet is great, but relative and limited. This
is a fact. Another important point is nicely dimensioned rudder surfaces, both
of the fin itself and the rudder unit. The rudder surface and the compensating
surface of the horn have to operate like a pair of scales.

For strong wind a rudder aspect ratio of 12-15 should be chosen, with
correspondingly greater depth for weaker wind. It is best to have two to three
well-adjusted rudders to match the wind. Correct positioning of the model in
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the wind, which depends on the angle of the rudder, 15 a commonplace secret of
successful magnet flying. A windsock, flag, or grass thrown into the air, as well
as other models, can be helpful in determining the direction of the wind.
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Morica-T0 is a design created by the
author and his fellow Miirnberg
model clubmates—note club transfer

on rear fin and wingtip panels.

Adjustment of the model speed to the prevailing wind speed is a real
secret of successful magnet flyers. The model’s airspeed depends on the profilel
the combination of profiles, the dimensions, the centre of gravity, the angle of
incidence, and not least of all the weight of the model.

Within certain limits, the airspeed can be varied and adjusted to the wind
speed by the addition of lead to the centre of gravity, and by shifting the centre
of gravity forward, simultaneously adjusting the angle of incidence.

If the model airspeed is completely unsuited to that of the wind, or the
flight path is not in line with the wind—and in this a multitude of factors can
play their part—the result is often a mile-long chase over fields, moors and
rivers, undergrowth, slopes and grass. This sport is by no means inferior to
Olympic standards. It forms muscles, improves fitness, and especially important,
creates the desire to do better next time!

Important Techniques

The airspeed of the model, the prevailing wind speed, the slope con-
ditions, the path of flight with possible obstacles like fog, wooded sides, different
wind speeds and directions, a few hundred metres from and over the launching
area, all necessitate different flying techniques in order to be able to carry out a
full 5 minutes’ test flight. Further reasons for different flight tactics include
disappearance from view, especially in misty weather or when the model’s
airspeed is high. The model must also be spotted and located. We also want to
avoid long, nerve-racking searches for the model, loss or cumbersome and exhaus-
ting walks over steep slopes and hilly terrain to retrieve it.

Furthermore, depending on the nature of the ground, thermals and
up-wind currents are small in area, or border on to down-wind currents, whirl-
winds, windstill areas or other passive conditions. Here is a brief description of
the main technigques possible in practice: straight flight, hovering, zig-zag or
meandering flight, and especially straight flight with occasional turns, as well as
circling into wind.

Straight Flight
Due to the simple, uncomplicated and safe working of the normal head
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A dethermalising tip-up tail is wsed
on most magnet-steered models, as
this picture of Morica-TD shows.
Flights are normally limited to a

“maximum’ of 5 min. (300 sec.).
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actual size
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steering, the straight flight is used for more than 70, of all launches. Depending
on flying conditions and the use of light wind models, a small number of these
achieve 1deal hovering conditions.

Generally, in medium to strong wind, good to best times can be achieved
when the model flies in a straight line.

As a rule, the airspeed of the model should exceed the speed of the wind
when it is launched, by I--4 m/sec. In this way, the medel flies quickly from the
whirly, dangerous launching position into the laminar upcurrents of the slope.
There it cither slows down due to higher wind speed or hovers if it is correctly
positioned. On large unobstructed slopes, this is the safest way of effecting test
flights. See Swiss journal Adero Revue No. 6/1969.

Hovering

Hovering is the form of flying most similar to that of a bird, and can be
carried out as described previously in straight flight into wind.

Furthermore, hovering on small slopes and at low wind speeds can be
achieved by using light-wind models especially designed for this form of gliding.
In this context, I mention simple steering devices with almost frictionless
connecting-rod steering linkages to the rear rudder unit.

Zig-Zag or Meandering Flight

During the past few years, the zig-zag or meandering flight has been
propagated particularly by the Italians. This can be done cither independently
of the magnet-control device by means of a fuse, a mechanical or electronic timer
effecting period rudder movements, by locking the rudder mechanically, or as in
the case of the Italians, by electronic operating methods. This activates the
rudder. The basic requirement for this system, which in principle is amazingly
simple, is the faultless operation of the steering, especially in the more critical
phases of a return meandering flight. '

There is, however, a considerable disadvantage in this system. The model
remains near to the launching spot for a long time, and is, therefore, exposed to
wind eddies which are particularly dangerous during the first few metres.

Straight Flight with Programmed Turns

After the straight and hovering flights, the system of programmed turning
flights is the best known and safest one. In straight flight the model flies relatively
quickly through the dangerous wind zones into the up-currents on the slope.
Before flying into these, the model is turned by flipping the rudder over at 25°.
This can be done either by using a double fuse at the horn, a Tatone timeswitch
with steering cam of the Weichselfelder type, or a multi-sequence electronic
timer with a fuse.

When the model has returned to the edge of the slope after completing
a full turn, it is customary practice to allow it to fly through the up-current of the
slope in straight flight before carrying ourt the next turn. At a safe distance from
the slope and not too great wind speeds it is, however, possible to flv several
turns in succession.

The flight phases of a programmed turn are as follows: the magnet-
controlled model flies away from the launching spot straight into the up-current
zone. The rudder is locked to the right by a rubber band with a fuse or timer.
This is how to carry out a left-hand turn into wind. The model then flies
transversely and subsequently with the wind in the direction of the slope itself.
Before turning into wind when the model is at 30° to the direction of the wind,



AEROMODELLER ANNUAL

06

SHIAIND ¥51vE QITO5 4Od STOoddIv

s
S2NIsS

QL5
SINZS

FeP-5
S52NZES

ThS

SONZIS -




AEROMODELLER ANNUAL o7

the magnet operates the rudder, ¢.e. swings from its locked position of 25° to the
full 40” of the magnet control device.

This full swing of the rudder to the right causes a sharp turn to the left
on the return flight. In the meantme, the lock has been fully released by the
second fuse at the horn, or by the timer. From its limited angle of 157 the steering
device can now become effective again over the full 80°. This final movement
ends the turn, and the model turns on to the programmed straight-flight path.
This system was perfected by Weichselfelder. In 300 seconds he can carry out
2-6 turns. Only the most devilish of circumstances can prevent a full test flying
sequence being carried out.

Circling into Wind

There is no doubt that this requires tactical, technical and flying skill of a
high order. These high requirements are made essential by a complicated system
which outwardly appears simple. When circling into wind in order to carry out
a left turn the fin is inserted into its PVC sleeve at an angle of approximately
107 to the left, which is about 6 mm movement of the leading edge of the fin,
Looking at the profile of the fin only, during normal air flow, it is at a slight angle
of incidence to the fusclage axis and, therefore, to the direction of air flow. This
results in lift to the left. The steering rudder is positioned into wind as usual.

However, we do not launch the model into the currents of the slope. For
a turn to the left later, we launch it to the right almost parallel or slightly oblique
to the slope. During the launch the rudder deflects fully to the right. This
position effects a left turn which is supported by the lift created by the fin
positioned obliquely to the fuselage axis.

The model turns relatively quickly to the left. When the fuselage axis is
at an angle of 45° the rudder frees itself and the model flies on a straight course.
If the model has turned fully and the fuselage axis is positioned straight into the
air current, the rudder is in a neutral position. However, the fin, which is slightly
to the left, gives rise to lift to the left.

The left-hand turn is now continued against the up-currents at a lower
speed, since in this phase of the flight the lift created by the fin, which is directed
to the left, compensates for the force to the right as a result of the rudder being
deflected to the left. This means that the second part of the left-hand turn will
be relatively prolonged. Consequently, the lift created by the fin positioned to
the left gains the upper hand over rudder movements to the right and the model
turns with the wind towards the slope. The rudder remains deflected to the left
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even when flying towards the slope, and makes the left-hand turn less sharp.
This is a critical phase of the flight. Until the turn is completed and the fuselage
axis is at about 30" to the left the magnet moves and the rudder moves fully
from the left to the right.

Since the lift created by the rudder and fin to the left are combined, this
is the right moment to effect a sharp left-hand turn parallel to the slope and then
away from it. The model turns parallel to the slope and flies to the left just as it
does when launched.

Alternate flying in a large semicircle at 90” into and 90" away from the
wind, and subsequently flying in a small semicircle at 90 inte and 90” away from
the wind i1s, therefore, characteristic of circling into the wind. Here I would
mention that fast-flying models have a tendency to short-cut sharp turns. It is
best, therefore, to trim the model accordingly. Due to minimal drift away from
the slope the model remains almost continually in the up-current when circling
against the wind. With this flight tactic it 1s dangerous to allow side drift or drift
over the launching spot or the top of the mountain.

It should be clear that circling into wind should only be carried out by
really experienced flyers when the wind speeds are low and up to 4 metres per
second.

THE MAGNETIC
Balancing

A carefully balanced steering magnet, both statically and dynamically, is
an absolute prerequisite for a well-functioning magnet steering device. After
glueing a 2 mm shaft inte the cavity of an aluminium frame with Loctite-Green
glue, static balancing is carried out on an absolutely flat and level surface. The
magnet must then be adjusted in the frame so that it takes a bearing without
oscillating irrespective of the position in which it is placed. Dynamic balancing is
best carried out on one’s fingernail, since this gives a sensitive touch. Irregu-
laritics of the magnet’s operation can easily be detected.

Re-magnetising the Magnet

Long storage, movement in transit, etc., cause the magnet to lose strength.
Its strength can be restored by short impulses of 3/4,000 A/cm. For this T would
refer you to vour nearest car repair or electrical service shop (Bosch-Service).
There you will find the right equipment to carry out this operation in minutes,
and it will not cost you too much!

Binding Agent

After careful balancing, Loctite-Green is squeezed into the gap between
the frame and the magnet. As Loctite hardens only between metal surfaces, the
surplus can be wiped away effortlessly. This is ene of its most important advan-
tages. It is interesting to note that Loctite is not a glue in the true sense, but a
binding medium. Apart from Loctite I can particularly recommend OMI-Typ
150-green L., manufactured by Omi-Technik GmbH, 8 Miinchen 30.

Damping

In order to achieve smooth flight the strong oscillating movements of the
magnet have to be damped. This can be done by applyving the physical laws of
electro-magnetic induction. When the steering magnet with an energy density
factor of B moves over a metal conductor at a speed v—which 15 a 4 mm
aluminium disc glued into the bottom of the frame—an electro-magnetic field is



AEROMODELLER ANNUAL 00

The Macnetic-50 steering unit
in cross-section at left; part
numbers relate to the original
kit instructions for assembly.
These magnetic units are
marketed in Germany and
Switzerland. Cost about £3.50.
The magnet itself part num-
ber 10 is |2 mm in diameter,
50 mm long.
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induced. This creates eddy currents in the disc. These eddy currents in turn
cause a magnetic field which counteracts the field of the steering magnet, thereby
damping in a simple manner the oscillating movements. The 0-4 % 0-57 alu-
minimum disc supplied with the kit is glued under the bottom of the model.
Numerous tests have shown that the dimensions of this disc are the most suitable
"(Coulomb’s Law: If the slit between the magnet and the frame is doubled, this
reduces the damping effect by one-quarter).

The Bearing

An almost frictionless bearing is of utmost importance to the correct
functioning of the steering mechanism. A completely new system has been
evolved for the Macnetic: a precision bearing is glued into the aluminium
bearing seat, whereas the sapphire is positioned at the top of the frame of the
magnet.

The main advantage of this system is that the distance, as well as the
influencing dynamic forces occurring during flight, between the centre of gravity
of the magnet and the position of the bearing is reduced to a minimum of
7-5 mm.

With this system, a 1-58 mm steel ball moves on a highly polished
sapphire bearing which has a diameter of 4-8 mm. The depth of the cavity in the
sapphire is 0-45 mm.

Following rough landings, it is recommended to have a look at the
sapphire. If it is damaged, it must be replaced. A new sapphire can be guickly
glued in place with Uhu-Hart glue.

The Steering Magnet
The only magnet size which is available for the Macnetic is 12 x50 mm.
This magnet is cut and the edge round-finished.

Data:

Induction: B = 9,000/10,000 Gauss (= 10-8Vs/m?)

Field strength: H = 440/380 A/m (79-6 Aj/cm = 1 Oersted)

Coercive field strength: Hce = 560/460 A /cm

Energy factor: BH == 3-5/4-6 m Ws/cm?

Residual magnetism: Br = 1,100/12,700 Gauss

Material : Al-Ni-Co = 8%, Al, 15%, Ni, 39, Co; different addi-
tives

Magnetising I == Induction B x field strength H

Magnetic moment: M = Magnedsing I x volume V

In this particular context, the earth’s magnetic field is of great significance.
In West Germany it is almost 0-5 Gauss, measured at 67 inclination. Directional
torque D (p/cm per degree of angle) is a direct measure of the Macnetic’s
steering power. When only minimal steering control is applied it is practically
proportionaltothe earth’s magneticfield and the magnetic moment of the magnet.

Control Disc

In order to set the differential angle between the magnet and rudder a
disc (part 11) is glued on to the frame with Uhu-Plus glue. The notching 1s
registered by a piece of 26 s.w.g. control-line wire.

Plexi Disc
By means of a Perspex disc over the mechanism we can observe the
movement of the magnet needle. Due to the design of the 807 track in which the
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rudder meves, the air forces are reduced to a minimum. Aerodynamically,
this is an ideal solution. There are four 3 mm holes into which a pin can be
inserted to adjust the differential angle.

The Fixed Fin

Good quality quarter-grain balsa wood is used for the fin. For the double
turbulence groove at the leading edge, three pieces of 228 mm pine are used,
which are glued together, then shaped with the “gutter” at the front.

The fin s carefully profiled by glueing plywood rib profiles on to both
ends at top and bottom. This way, a nice fin prefile is obtained, which facilitates
highly effective steering conditions.

Lightweight Japanese paper is put on to the fin with Glutofix, brushed
with water, and after drying a few coats of dope are applied. One can also use
Rocacell hard polystyrene for the fin. This is a rough/fine texture material.

Nylon Screw

The fin is screwed to the Perspex cover by means of a nylon screw
(part 2} and this is secured with Uhu-Plus glue at the top and bottom. The
following is interesting. If the screw was of metal, the circular movement of the
magnet would induce an electro-magnetic field in it. In turn this would affect
the magnet itself. The nylon screw avoids this.

The Rudder

A 3<0-5 mm PVC tube (made by Graupner) is mounted in 3 mm quarter grain
balsa with Uhu-Plus. The compensating horn is reinforced with 1-5 mm balsa,
I do recommend that these dimensions are adhered to, for they constitute the
findings of several tests.

What has been mentioned above about a rough/fine fin texture, applies
especially to the rudder. Only in this way can one obtain a really efficient
steering mechanism. Again I recommend the use of Rocacell for the rudder blade.

Spitzer’s (MFCN) method of positioning the upper hinge, not at the
horn, but 40 mm lower down, has proved to be particularly suitable. The
strength of the horn is greatly improved, and fewer repairs are necessary.

Turbulator

It would be ideal if air flow near the steering unit profile was the same as
that near the wing or fuselage. Unfortunately, this is far from being so. To achieve
this ideal situation, the ratio of inactive and friction forces should be identical to
each other. Differences are expressed by Reynolds Number:

| - = .
Re-Steering — 4 (m/sec) « 55 (mm) ‘ Spccd_x;ﬁmﬁle depth
0-000015 Cinemat. viscosity of air at 16G
Re-A 4 (m/sec) > 150 (mm)
cara = 0-000015

The Re Number of the steering is only one-third of the area. This means
that air flow conditions are very critical at this stage, for correct steering
function. For this reason I recommend the use of a turbulator, which is 14 mm
ahead of the leading edge. An 0-6 mm thick rubber cord has also proved very
suitable for this. See part 14 in the diagram, which is half size.
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Three stages of moulding: from bottom upwards, a rough, with flash from the mould;
centre, flash cut away by saw; top, finished and ready for use.

FIBRE GLASS PROPELLERS
Story of the Bartels production line

THIS story began in 1960 when Jurgen Bartels had done a few years of model
flying. He was only interested in sports models and so was satisfied with the
normal equipment one can buy in any hobby shop. After some time he tried to
build a competition moedel, and his club grew in membership. Most of the local
modellers built ghders and combat models. But in 1962 there was a champion-
ships for Northern Germany. The club leader told Jurgen to build a speed
model, because some other clubs had built them too. Nobedy knew anything
about this type of model! So Jurgens tried to get informaton and bought an old
Oliver Tiger from a friend. He had never flown such a fast model before and
gained second place at 100 m.p.h. He did not know what had happened!

Some of the other modellers had Super-Tigres, which had been spoken of
but not seen before. The first task after the competition was to buy such an
engine. Jurgens built a new model for the Super Tigre but only managed a few
miles per hour more. The main problem at this time was to get propellers for
this new class. A few Tornado plasticoted props were obtained from the
modellers already flying with S.T. engines, but a few months later they were
off the market and were not apparently produced any more.

At this ume Jurgens had a little experience with polyester, so he tried to
make a mould to copy the Tornado prop before they were all broken. He made
it out of gypsum but could only produce up to five before the mould became
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The work area, electric and epoxy pots, hardeners, balance.

damaged. Jurgen’s mother provided ordinary wax for separation and the process
was opcrated cold, of course.

At this time moulds were made one after the other, using glass fibre. This
worked well but the props were very brittle. In 1963 Jurgens was introduced by
friends working in a factory producing models for wind-tunnel tests to an epoxy
formula. Work continued with epoxy and Jurgens made his first permanent
mould, some of which are still in use today. A heat hardening epoxy was filled
with steel dust. Jurgens heated the moulds up to 70°C in an electric oven, filled
them and then let them get cold and harden. This took up to 3 or 4 hours per
prop. The moulding was pressed between two pieces of steel with stout screws.

The enormous collection of propellers in the Bartels museum represents over 400
different designs from all parts of the world.
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The rall of glass cloth from which all stock is drawn.

At first there were often bubbles in the props, but after squeezing them
out with a special knife the problem was overcome. At this stage only speed
props were produced for use. A factory in Southern Germany produced a
T.R. prop for Karl [lg {the German champion) known as the Glasflugel props.
These suffered from splits from the tip to the middle when the engine was
running slowly or the prop made contact with the ground. Karl Ilg talked to
Jurgens about this and in 1965 the first T.R. props came out with cross-glass in
the tips.

About 100 had been produced by the time of the 1966 Control Line
World Championships at Swinderby. When the American team Stockton/
Jehlik became world champions it was a great day for Jurgens. He was unaware
that they used his props. Karl Ilg had given them to some of the contest fliers
and about 307, were already using the 7 in. < 8 in. prop in team-racing,.

A prop which has been subjected to a chemical burn, leaving the glass fibres intact, shows
how much fibre is used in a propeller.
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Starting the process, after cutting the glass strips Laying in the strips within the mould, a stage
and mixing epoxy. that calls for care.

Until 1968 the production line was run as a hobby. After Helsinki in 1968,
when Stockton/Jehlik repeated their World Champs success, the business
became too big for a part-time operation. More than 50°; of the team racers at
Helsinki were using the Bartels props, so Jurgens decided to go full time. In the
meantime he had produced moulds for about fifteen types, and in the same vear
Werner Kaseberg flew his 320 km/h. world record in R/C speed. About 909,
(10 of 11 participants) in the speed trials were using Bartels 10 in. » 12} in. speed
props. Free-flight power enthusiasts used glass fibre props extensively at
Wiener-Neustadt in 1969,

A year later, at the Namur C/L World Champs, about 70}, of the team
race entrants were using the 7 in. 8 in.

In 1971 Jurgens made the props for the U.S. team in F.A.I. Power for
the World Champs. They had been using Cox 7 in. « 3} in. plastic, but the
high-revving Rossi’s made the blades fly off after 6 or 7 seconds. Jurgens made
the “specials™ exclusively for the U.S. team to use at Gothenburg,. Since that
World Champs it has become used as a standard prop by most of the F/F
competition fliers all over the world. The U.S. team tried many engines at
Gotheborg with this prop for comparison.

After the visit to the R/C World Champs at Doylestown in the U.S.A.,
Jurgens decided to expand his business and production. Up to the end of 1971
all the work had been done in his father’s cellar. He found ideal rooms for his
new shop. One big room (high up to disperse the epoxy fumes), one small room
for a “museum” (props, old engines, souvenirs from World Champs), one room
for machines (electric saw, lathes, drills and the mould-making material), and
the whole cellar remaining for model building. Because of the full-time activity
with the props, model flying had been neglected during the past years. Jurgens
hopes to improve this situation in the future—but knowing a little of the hobby
business, the Editors doubt if the demand will ever give him time to play.
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Above: Pressing out the bubbles with a special
knife,

Above: Bartel's biggest actually came from the
W.W.| Richthefen Squadron!
Below left: Fitting the upper mould half.
Below right: Pressing out the excess epoxy from
the mould and heating to 100°C.
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Opening the mould after 20 minutes. Removing the propeller from the mould

When making the master mould it is normally best to use a wooden prop,
after checking the pitch and polishing it. Fix the prop on an aluminium plate
with a polished pin in the centre. This is cast in place to produce the shaft hole
in the prop afterwards. The undersurface of the prop is packed out with
Plasticine. Thin metal sheets are fastened to build a “box™ around the base plate.
Into this, epoxy is poured, after both prop and plate are painted with silicone for
separation. When this part is dry and hard, one has the upper part of the
moulding. After this the thin metal sheets are put around this piece of epoxy to
build a “box’ again for casting the other half,

One only has to take out the Plasticine, to clean the master, and use
silicone spray for separation again. Four pins are cast in place as location points,
when the two parts are separated. After drying, the mould can be opened to
remove the wooden master. The moulding is cleaned and polished with steel
wool. Silicone is painted over the surfaces and the mould is ready for its first
prop moulding in epoxy. Jurgens paints a little epoxy into the moulding first
and then positions the first roving from ““top to tip” around the middle pin. This
is done until the moulding is filled. As the tips are thinner, the content has to be
packed more in the middle. The upper part of the mould is laid in place and
both parts are pressed between two steel plates, to expel the excess epoxy. This
type of moulding is good for 100 props or more. If one needs more of one type
(which is normal), cast copies are made of the first moulding in aluminium and
electric heaters are fitted integrally. These are heated up to about 100°C and
then one can get about 6065, glass into the prop, which is ideal for the Bartels
cpoxy. The present collection of moulds covers twenty-four types of propeller.

In 1972 experiments were made with carbon fibre, but the results were
not as good as required. Carbon fibre can be very rigid, so the result is a very
stiff prop. But as glass fibre splits at the tips, repairs can be made with epoxy
after cleaning the tips with acetone. If one touches the ground with a running
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Cutting off the flash fram the moulding. Lutr Scholl, balancing a Bartels R'C prop.

engine, carbon fibre usually breaks. A mixture of 20%, carbon, 45 glass and
35", epoxy was tried. These props are stuffer, especially for speed models. One
can make the blades thinner. The cost of carbon fibre is another consideration.
Although only a few grammes are needed you also require more time for working
with this material. If CF becomes practical for production the props would cost
twice the current epoxy price.
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Free Flight
Class F-1-B
RUBEBER DRIVEN
Ni. 1 Duration
V. Fiodorov {U S.5.R), ]u.m:
1gth, 1964 h, 41m, 3zs.
No. 2 Dmtn.m:ai.naﬂ ht].u:.e
Tr:hlghta:v {U SR); July 83 km
Int, 1962 3711 ,
No. 3 titunde
V., Fiodorov (U855 R.), June
15th, 1964 1,732 m.
No. 4 Speedina strn.ight line
P. Motekaytia (LL5.5.R.), June
zoth, 1971 - 144'c km/ih,
POWER MGDELS
Class F-1-C
Mo, £ Duration
I. Koulakovsky (LL5.5 R,
August 6th, 1952 . &h. rm,
Mo, & Distance in & straight line
E. Bmvh itch (LLL5.5.R.), August
15th, 1952 . 378756 km.
Mo. 7 Aldtude
G'ﬂ Lmu‘h:}ruthch.kum' (USSR,
t 13th, 1 . 4,152 M.
Mo, & Spe:ﬁu;has
Doubenitsky and Larvukhin
(ULS.5.R.), Scptember zsth,
1991 ... 169 km'h.
REUBBER-| BRI‘\-"EN HELICOPTER
Class F-1-F
Mo, ¢ Duration
Al NMKUSSRLJu.nc 3rd,
1968 26-71.
Mo, 10 Distance in a stra]g,ht line 33m. 26779
V. mm (USSR),]u.m:
1 aea i 11 m
No. 1 Alimde 0533 m.
A, Voltchanovsky (LUW.S5.8.E. j,
) June gth, 1968 .- 352 m.
Mo, 12 Speed In a steaight line
P. Motekaitis (LL.5.5.R.), June
rzth, 1970 . ce 144°23 kmyh,
POWER-DRIVEN HELICOPTER
Class F-1-A
™o, 13 Duration
5. Purice ( Rumania), Ocrober 1st,
gns .. v 3. 12m,
No. 14 Distance ina nraight line
V. L. Tidowv (Hm;gar_-.)_. October
18, 1963 - 1491 km.
No. 15 Altitude
5. Pgﬂc éRmm'aj, Seprember
z4th, 1963 . am.
Mo, 16 S in @ straight line 3,75
A. Pavlov (.5 5 R.), Seprember
zoth, 1970 . 116:12 km/h.
GLIDERS
Class F-1-A
Mo, 17 Duration
M. Milatinovic (Yugesforsa)l,
May 15th, 1960 4h. sBm. 108,
MNo. 18 Distance in a utraigllt line
z. 1;2“ (Cze:h}, March 318t .
1 - 1o m.
Mo, 1y Alt?t‘lld:l: 310133
G. Benedek {'Hungm}l), May
z3rd, 1948 .. 2,364 m.
INDODOR MODEI.S
Clsss F-1-D»
No. 32
K. H. Rd.eke (¥ Germany), Sep-
tember 2and, 1962 .. 45m. 405,
MNo. 3za Less than B m. ceiling
Duration
J. Kalina (Czech), Seprember
13th, 1969 ., z1m, &8,
Mo. 32b 8-15 m. ceiling
Duration
Jiri Kalina I:Czn:h}, Au,gu,at 26th,
878 Zam. 78,

Mo,

(U.S5.5.R.), September zist,
} 1971 <o 34392 kmh.
No. 31 Distance in a closed clrculi
B. Kunce (LI.5.A. ), Fcbruarv
17th, 1968 . 33824 ki,
R/C SEAPLANE
MNo. 48* Duration
W, Kaiser (W, Germany!, April
4th, 1972 ..o 6h. 183m.
Mo, 49 D-.Istance ina stmght line
?l;h Reed (I1.5.4.) February
26th; 1972 ... . .. 133 B7skm.
Mo, 5o Altitude
M HJ.Il n:U 8.4.}, Seprember 3.rd
. 5651 m,
Mo, 51 m a straight line
oukuun: an Myakinine
(LL.5.5.R), October 25th, 1971
294 km/h
Mo. 52 Distance in a closed circuit
W. Kaiser (W, Germany)
May 151 1972 238-835 kin
R/C GLIDERS
Class F-3-B
Mo, 24* Duration
W Kaiser (¥, Germany), July
rd, 196& 17h. 43m.
No. 25 D tance in a straight line
. Martin (U5, .AI Js Apnl Izlh
;; - . . 346 km.
Neo. 26 Altftude
Raymond Smith (17,5.4.), Sep-
N s tm‘l:in:r 2nd, Iaglilil 1,521 m.
o, 33 peed in a sl:r t Hne
L. Aldoshin (U, 5, 5.R.), October
oth, 1971 . 182 km/'h.
MNo. 34 Distance in a closed circuit
R. Brogly (Franc.e), Seprember
7th, 1976 - e 3222 km,
R/C HELICOPTER
Clasg F-3-C
Mo. 35 Duratlon
M. Kut'nei; (W, Germany), Jan=
uary zgth, 1972 ... Th, 12m. 2351,
MNo. 37 Aldtude
E. F. Rock (L1.5.4., S:ptr_'l:nhcr
6th, 1971 . ToBm.
Mo, 39 oe in a closed circuit |
D. Schluter (W, G‘mm), June
zoth, 1971 . oo 1105 km.
CONTROL LINE
Class F-2-A
MNo. 27 Speed (2-§ ¢..)
Lauderdale/ MecDwonald (L7.5.4.3,
May 4th, 1o 3 273-66 km/h.
Mo, 28 Speed {z;
MeDonal ? U.s. A 1y Movember
15th, 1964 288-95 km/'h.
Mo, 29 Speed [5—m [.X nj ’
. Kouwmetsov (L1,5.5.R.), Sep-
mnb:r joth, 1962 . 316 km/h.
JET MODELS
Mo, 30 Spee
L. Lipinsky (L.5.5.R.) ... 30864 km/h.

. 22

RADIO CONTROL POWER DRIVEN
Glas-s F-3-A
Duratio

Masrnard Hill (L7.5.A4.), June 1st,

20

1969 .o ITh. 32m. 3o,
.21 Distance ina s

mlgln line
A. Br.!.lucluu I:Im!_'u}l, July zsth,

H.l tude
M Ha.u (LI585 A.), September 6th,

377350 km.

£

. 23 Sueed ina straight line

Goukoune and Myakinine

December 6th 1971

* Improved claims pending
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BEAUM[] NT 11 Bath Street

London, E.C.1

AVIATION LITERATURE ¥ Tel 01-253 9512

MAGAZIMES

Please allow us to introduce ourselves. We have, perhaps,
the most unique shop in the world—it is an AVIATION BOOK-
SHOP from which we endeavour to supply the needs of all
interested in the literature of flight.

Aeronautical engineer, pilot, air crew, cadet, modeller or
enthusiast can all find something of interest here, as we are
well stocked with all manner of aeronautical books and
magazines.

TECHNICAL HISTORICAL REFERENCE

Qur showrooms are open daily (including Saturday) from
9.30 a.m. to 5.30 p.m. There is no parking restriction on Saturday
afterncons, and the nearest Underground Station is Old Street.

Why not call, or send an S.A.E. for our 32-page catalogue.

Aeronautically yours,
BEAUMONT AVIATION LITERATURE

AERO BOOKS BOUGHT, SOLD AND EXCHANGED
NEW AND SECOND-HAND - FOREIGN AIR BOOKS
MAGAZINES - PLANS - CHARTS - PHOTOGRAPHS
AEROMODELLING BOOKS AND MAGAZINES

We also have a first-class Binding Service
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Hwell {GB] Ltd Gmnhdme Road Pat!ers Bﬂr Herts Tel 58261
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Get this 24+th scale
SUPER KIT!

. The first of the new Airfix Super
kits flies in— the Spitfire Mk 1A! With
150 detailed parts, here is perfection
i in aircraft modelling!

This magnificent 24th scale model
features a superbly detailed cockpit,
Browning machine guns complete with
ammunition boxes and a super
detailed Rolls-Royce Merlin engine
beneath removable panels. A gropeller
metorising unit is available.

This new Airfix Super kit is
undoubtedly one of the finest
aircraft kits ever produced and a

‘must’ for all keen modellers.

g

The Browning guns,

Getevery detail right
with Airfix
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Al Humbrol gquality enamels are
availabie in separale talers or in tinfet
palaties - atteactive and convenient
interlacking plastic trays wilh space
far brushes and accessories

Balsa cement 66 for stcking balsa
models. Med, Tube Gp

White PWA 55 for sticking waooden
models, Med. tube 10p

Polystyrene cement 77 for sticking
plastic models. Med 1ube Gp.

Al Britfix tubss have a speciaily
designed shoulder cap with iaternal
spigot pgreventing blockage of norzie
and giving tmmediate flaw when cap

L.ls remaved - i

Skill, patience
and Humbrol

Or should it be Humbrol, patience and skill ?
Either way, these are the three most important
qualities for successful modelling.

Skill and patience — well, most serious model-
lers have them. Humbral is the quality they all
need. Used by modellers the world over, Humbrol
enamels (matt or gloss, lead free and non-toxic)
are the best value for money on the modelling
market . . . only 7p for 15ml. Research has
established that craftsmen prefer model paintin
tins which keep the paint in good condition, are
unbreakable and much safer than any other type
of container — this is why Humbrol is packed in
handy sized tinlets.

You'll find the colour you're loaking for in the
Humbrol range, Ask for Humbrol by name

.. available from all leading .
Model and Toy Shops.

Humbrol will be pleased to send you — FREE —
colour cards and leaflets giving you full details
of the extensive range of enamels and other
Humbrol gquality products for the modeller. Write
today to Mr. H. Stewart, Modelling Division,
Humbrol Limited, Marfleet, Hull

HUMBROL,

HULL YORKSHIRE
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BRIDGE MODELS

1 & 2 Station Parade, Hoe St.,
Walthamstow, London, E.17
tel: 520 4563

FOR ONE OF THE FINEST SELECTIONS OF KITS IN WOOD
METAL & PLASTIC

KITS IN STOCK BY:- Keil * Veron - Billings - DMI - Frog
Airfix - Monogram - Revell * Tamiya * Aurora * Hasegawa
Pocher - Renwal . .. and many, many more.

Write, phone, or call. [ 00 oo 10 -

over £5 post free, Apply

Mail-order a speciality : i in7 rotes

G cm W LD
read all about model planes, boats, cars
-anything in the world of miniatures

...in the |maps monthly magazines

Aeromodeller Radio Control Models Scale Models
Model Engineer Meccano Magazine Model Cars
Model Railways Military Modelling Model Boats
order through your local model shop or newsagent or send for
a free sample copy:

MIODEL & ALLIED PUBLICATIONS LTD.
13/35 Bridge Street, Hemel Hempstead, Herts.




AEROMODELLER ANNUAL 123

MODEL
WORLD ey LTD.

Proprietors: Mike Young and Nev. Coombs

Call in and see our comprehensive stock,
we have equipment and materials to suit
the modeller's needs. Whether you need
Kits, Engines, Radio Control equipment,
Spares, Accessories or materials to
build with, we will oblige. If you -

prefer to check on an item first - give

us a ring on Camberley 27362 and we will
advise and tell you what we have to suit
your needs. So if you live in Camberley,
or are just passing through, come in

to the shop at

75 HIGH STREET,
CAMBERLEY, SURREY.
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Take a tip from the expert . . . there's
a lot more to buying balsa than just
picking out the sizes of sheet you

need. Everyone knows that balsa

sheets can vary a lot in density, so
first you select by weight. (With practice, you
can judge density by “weighing" a sheet in your
hand. Going by colour can be misleading.)

But make sure you pick the right “cut’’ as well.
Pick out speckled-grain sheet (quarter-grain)
where you want stiffness (e.g. for ribs). That's
good for sheet fuselage sides, too—and you can
go to a lower density because of the greater
stiffness of quarter-grain. On the other hand
if it's a wing you are covering, make sure that
the sheet you select bends readily edge-to-edge.
It makes for an easier—and better—job.

Nothing to it, really. Selecting the right sheet for the
job becomes almost instinctive after a time...
provided you go to the right stock. That's SOLARBO
BALSA—specially selected and graded for modelling.
Choose your own density and “‘cut”. The quality is
built-in in every piece of SOLARBO balsa.

Solsrbel)/)1 )

SCLARBO LTD.,
COMMERCE WATY,
LANCING, SUSSEX

[ ALWAYS ASK FOR IT BY NAME
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HENRY J. NIGHOLLS

AND SON LTD

308 HOLLOWAY ROAD and 8 SOUTHGATE ROAD
LONDON N7 GNP POTTERS BAR, HERTS.
Telephone: 01-607 4272 Telephone: Potters Bar 59355

Recognised as one of the world's leading Model Shops
we have now been established for 26 years, during which
time we have been privileged fo serve modellers all over
the globe. Qur business is almost exclusively concerned
with asromodelling and as specialists in this field we are
in a position to advise on the choice of models, engines
and radio equipment for use by modellers of every degres
of experience. We specialise in radio control. Our Mall
Order Department will send any goods that we advertise
in the modelling magazines anywhere in the world. We
supply the well-known American magazines, Model Air-
plane News and R[C Modeler on subscription. In fact, we
give a service which is second to none.

TRY US FOR YOUR NEXT
AEROMODELLING REQUIREMENTS
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PROFILES of Windsor
+ Hylton Lacy Publishers

Offer a unique range of
Aeronautical reference books
to suit all pockets

Aircraft in Profile (Hardbacks)
— Eleven volumes £6.00 each

Men and Machine Series ; — Eleven books
Aircraft of World War 2 £2.00 each

Famous Combat Units
— Three books £2.50/£2.75 each

Aircraft in Profiles: Nearly 250 titles
and more to come 20p-40p each

Plus exciting new publications
due shortly

Profile Portfolios (£2.95 each)
and Action Profiles (25p each)

k]

arg

. Profiles are acknowledged as

= standard reference books

i - - 5 "

5 Profiles are priced-right. Profiles
5 mean quality

o

2

Always readily obtainable from your
local model shop
Full details avaifable from
Profile Publications Limited,
Hylton Lacy Publishers
Coberg House, Sheet Street,
Windsor, Berks. 5L4 1EB

Other famous Profile series
- Warships, Locos, AF\V's,
Small Arms & Cars,
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MICK CHARLES MODELS

Personal service & friendly advice
from the World R|/C Scale Champion

AMPLE PARKING SPACE

2L minutes walk from bus and railway stotions

% % % MAIL ORDER % % %

OPENING TIMES:
Mon. Tues. Thurs. 9-6.30 Wed. 9-1 Fri. 99 Sat. 9-7.30

124 CANBURY PARK ROAD
KINGSTON-UPON-THAMES

Tel. 01-546 4488

GLASS FIBRE - EPOXY

PROPELLERS LEWISHAM
e R itrte ae MODEL CENTRE

trimmed mouldings only.
€L spead-praps L5cc 54 B {eype Moki)

L o 45 Lee High Road, Lewisham
&/TH lcype Top Flite) g y 1
C/L A team-racing &1 {eype Tornada)
FAl free-flight 2.5¢cc 71172 [eype Cox) S E ]3
T4 [type Beck) WL
c ing2S5cc 2700 (Dmesper)
L team-racing 1.5cc 17 (Dirazek-spec.
RS Rk Tel. 01-852 2637
785 (rype Tornado) B . -
C/L spead Scc 79 (rype Tornadao)
C/L combat 1.5cc 86 (combat anly!)
E-L tcnm-rg:ing Sce gg [_1:'(:'!-':' Jurnaglaﬁ
/L rat-racing T e sspacial ) N
C/L poodyear 1.5¢¢ 76 {lacesTy! Everything for the modeller
R.C. pylonsracing 8,172 (type Top Flive)
R.C. Bec spaad i0/i0  (World record) from R C to balsa and
R.C. T-Bcc engines 176 (type Tornade) mode”ing F-linS-
R.C. 8-9cc enginas 1 :; - l:y‘p:[ﬁev- uph
R.C. |dcc enpines 117734 CFACCor) . . .
IT3i4P  piousher) All leading kits available -
i (tym =Flice) T
R.C. more than 10ce  11)] [H-F spacial) spares our Sp&C!ﬂh‘t}".

Details (please add International reply
coupon) from:

Late night Friday 8-30 p.m.

= —
JURGEN BARTELS, Early closing Thursday
Postfach 553, 20 OLDENBURG (OLDBE]), | Pm

WEST GERMANY
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Comprehensive range

Presenting . ..

v Ec O éEaLrjirraos}?Fer1g ines

VECO 61 R/C i

Enarmous power—superh throflle
characteristics with Perry Carb.

L i Aero R/C motor - . £21.90
e &f& Marine R/C . . . £25725
Muffler -« . . E350

VECO 19 o

A new version of this popular
spart power plant available in
four different types

Aero .. . £9.20
Aero R C . . EN20
Marine R'C . . £15.95
RC Car . . . £1195
Muffler . . . £1.75

GES 60

THE MOST POWERFUL
60 EVER!

OPS 60 SPEED

2'4 BHP at 22,000 RPM on
9 x 13 Prop with Tuned Pipe
System
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of model engines & accessories
ROSSI ENGINES THE POWERFUL

‘DESIGNED FOR SPEED' ONES!
WHATEVER YOUR ‘SERIES 71’

INTEREST—SPEED, R/C KB TORPEDO 40 R/C
OR MARINE—ROSSI HAVE -

AN ENGINE TO FIT YOUR
REQUIREMENTS

‘SERIES 71’
40 rear intake
£19.50

‘SERIES 71’
front intake
Perry carbur-

Rossi 60 MARINE £47.60
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WYCOMBE AIR PARK

GLIDING

Weekly all-inclusive Gliding Courses throughout the

summer.

Accommodation,

Licensed Clubhouse—

Professional management and instructors, all aero-
tow launches. Combined fleet includes K13, K7

(two-seat gliders
Motor Glider.

), four

Skylarks,

Scheibe Falke

Airways Flying Club (Gliding Section), Thames
Valley Gliding Club,

For details of membership and Gliding Courses apply:
THE SECRETARY
WYCOMBE GLIDING SCHOOL (aa)

Wycombe Air Park, Booker, Marlow, Bucks.
High Wycombe 29263

SATURN

> KEILKRAFT

MICROMOLD
RIPMAX MERCURY
GRAUPNER FRAMNKLIN
VEROMN KAVAN
AVIETTE MONOGRAM
TOP FLIGHT SOLARFILM
SCHUCO HEGI HUMBROL
M.F.A, JOYPLANE
STERLING X-ACTO
SUPERMODELS SUPERQUICK
LINDDE PENFORD
AEROKITS PYRO
NOR STAR TATONE
STOCK — SERVICE —

VIODELS

20 SHORT WYRE ST.,
COLCHESTER ESSEX
COLCHESTER 45984

LR AR dh b db b db db ¢

05

ENYA Mail Grder

MERCO =%

DC _ Specialists !

HP

Egos * * * *

COX Cliff Goater

;EIEER TIGRE =

PAW Peter Giles

TAYCOL Etc. Proprietors
SATISFACTION
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SKYLEADERSHIP*

YES—that's right—SKYLEADER is used
by most leading BRITISH FLYERS and
some international ones too!

WHY?—RELIABILTY
AND QUALITY

JOIN THE LEADERS—
FLY SKYLEADER!

There is a SKYLEADER SYSTEM
to suit everyone. Forfulldetails
see your dealer or write to:

AIRPORT HOUSE, PURLEY WAY
sxvl[nﬂﬂl Hm]l[l EHIH“[ CROYDON CRO 4RS_SURREY
01-686 6533 or 0700

*One Upmanship the Skyleader Way!

131
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WLHI ESSEX MODELS & HOBBIES
620, LONDON ROAD ALSO

BERRYS ARCADE
WESTCLIFF-ON-SEA HIGH STREET, RAYLEIGH
ESSEX (Southend 31595) AT

ESSEX (Rayleigh T9780)

Large stocks of all good quality aeromodelling goods, the
best in kits, engines, accessories, aircraft, boats, cars etc.,
plastic kits of all types.

We are main area dealers for all the best in radio control
equipment and hold comprehensive stocks.

OUR MOTTO
Ours is “The shops where you are the V.I.P."” Run by
modellers for modellers whether beginner or expert.

MAIL ORDER — PART EXCHANGE — CREDIT TERMS
DPEHING WESTCLIFF RAYLEIGH
Man., Tue., Thur., Sat.: 9 a.m. - Men., Tue., Thur., Fri, & Sat.:

5.0 pom. Fri.-8@ am, - 7.00 pom. 9 a.m. - 530 pom. Wed.: 9 a.m, -
Wed.: Closed all day. 1 p.m.

HOURS

THE DIGI
HANGAR

79 PRINCES STREET
YEOVIL
SOMERSET

PHONE YEOVIL 21083

RADIO, KITS AND

Take off...

b

Ior ] week
glldmg

preEERE : \'ﬂﬂ'lﬂ‘le
Kent Glidii Ciub:--

Challock - Ashford
Kent- Challock307

AGGESSORIES

AIRGRAFT &
BOATS

SGALE PLANS by
BRIAN TAYLOR




AEROMODELLER ANNUAL 133
SOLARBO — GRAUPMNER — COX — DAVIS CHARLTON — DUBRO — EMYA

WORLD-WIDE MAIL ORDER SERVICE

S. H. GRAINGER & CO

CALDMORE MODELS
/ 108 CALDMORE ROAD, WALSALL,
STAFFS, W51 3RB

Tel. WALSALL 23382
I MILE FROM Mé MOTORWAY, JUNCTION ¢

THE MIDLAMNDS LEADING MODEL SHOP

SPECIALISTS IN RADIO CONTROL AIRCRAFT AND
POWERBOATS

—_—

APPOINTED AREA AGENTS FOR ALL LEADING
MAKES OF RADIO CONTROL EQUIPMENT

i

ENGINES BY ROSSI, O.P.S., SUPER TIGRE, H.P.,, MERCO ETC.

—al

AIRCRAFT KITS AND ALL ACCESSORIES

FIBREGLASS HULLS AND BOATS INCLUDING
THE FABULOUS + SCALE OFFSHORE RACERS
“SURFURY"™ AND “THE CIGARETTE"

NO DEPOSIT TERMS
THROUGH PAYBONDS

MAIL ORDER CATALOGUE 10p. KEILKRAFT HANDBOOK 23p.
RIPMAX CATALOGUE I5p. MAINSTREAM CATALOGUE I5p.
ALL INCLUDING POSTAGE
OR SEND 50p. P.O. FOR ALL FOUR CATALOGUES

% % WE ARE SURROUNDED BY ALL THE
BEST IN THE MODELLING WORLD % %

LLAAY — INIT INYL — SLIHOHIY — ODNHDS — "W — NOYLIYM — 'd'H — OIHIW — HODIHDIVI — WVYIHLENIVI

RIPMAX — ROSSI — SKYLEADER — SPREMNGBROOK — TOPFLITE — TORMNADO — YEROMN — MICRO MOLD — 0.5, — RAND

e

EMCOM — GEM — HUMBROL — GOLDBERG — K&B — KEILKRAFT — KAVAN
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olarfilm

SUPER STRONG, IRON-ON COVERING MATERIAL
FOR ALL R/C MODELS.

ADVANTAGES OF SOLARFILM ARE:

Speed—requires only a fraction of the time for nylon covering.

Finish—a superb high gloss finish is achieved every time.

Low Cost—much less expensive than silk or nylon.

Clean—dope and fuelproofer are not needed so the smell and mess of these
are avoided.

Low Weight—lighter than nylon covering—better flight performance.

Durable—it is fuelproof, waterproof and easy to clean. It does not slacken,

crack or become brittle with age.
Only requires domestic clothes-iron, modelling knife and scissors for application. Can be
used over open or sheeted structures without special preparation.

SIXTEEN COLOURS:

Solid White, Bright Red, Yellow, Blue, Orange,
Silver, Dark Red, Midnight Blue, Black.

Transparent Yellow, Red, Orange, Blue.

Metallic Gold, Red, Green.

Sizes 507 < 267 & 367 ~ 267

olarfilm

EUXTON MILL EUXTON
CHORLEY. LANCASHIRE

LEARN TO FLY

Take a holiday gliding course with
the YORKSHIRE GLIDING CLUB
and soar free as a bird over the hills
and dales of the Yeorkshire National

TONY’S MODEL
CENTRE
WIGAN

Park.
Fully residential clubhouse with 10 Chapel Street, Pemberton,
licensed bar—full time professional Wigan. Telephone: 83208

instructors—wave and hill soaring—
modern fleet of gliders and tug air-
craft—winch and aerotow launches
—Falke motor glider.

Come to Yorkshire, the club with

For Radio Control Equipment,
Aircraft, Rail and Boat kits,

the warm friendly atmosphere. A
few vacancies remain for Sept. 72 or
book now for 1973 season April to
September.

For illustrated brochure write to:
THE SECRETARY
YORKSHIRE GLIDING CLUE
SUTTON BANK, THIRSK
YORKSHIRE
Tel: Sutton (Thirsk) 237

and all your modelling require-
ments.

Pay us a visit, easy parking
and personal attention
assured.

Part Exchanges
Mail Order Specialists
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15 R/C Maring

Visitors by appointment only please,

super [Q BIPE®

@

rti I
THE NAME THAT | roportiona
STANDS FOR Radio Control

SPEED & POWER Systems

G215 D .. G21/29 F.I. R/C
G5 D.R/C.. G21/IEFL ..
Coos G Rl ol Y}{
2015 c .. a0 FL L T
&15 F.l. G2140 F.1. R/C h“ ""ﬂ R. l} H. &E.
W/ Spinner .. G40 ABC R/C ¥ ‘
Gi15 EL R/C .. G21/46 F.I. Std.
515 R.V. Diesel G21/46 F.I. R/C io§
GI5RV. Glow ST35 Std BLUE Digital DIGIT
G15/18 F.I. . STiSS.R/C MAX
SIS 19 FI RIC STS1 RIC SYSTEM MIGIT
G023 .. .. 5Ta6 SYSTE M
G15 RVR/C Mar ST80 R/C .
1518 Car - GBOF.ILRC .. Blye Max, R.C.M. & E. Digital and Digit Migit are the
gm:_gg E.IV.AE!C ggﬂ;hg?-- finest proportional systems available to the con-
2728 R o VORAEING L isseur. Component parts are always held in stock
. for the Blue Max and R.C.M. & E. kitted systems.
Super Tigre Blue Max and Digit Migits assembled systems
Marine Engines provide unheaten quality and performance.
GE) Marine —
G80 . RiC = WORLD ENGINES
G21/29 RIC M .. LIMITED

37 TUDDR AVENUE, WATFORD, HERTS
PHOMNE WATFORD 42853

Trade enguiries invited 5.4.E, with enquiries please.

ADDLESTONE

MODELS LTD

6 & 8 High Street,
Addlestone, Surrey
Tel: Weybridge 45440

CREDIT TERMS

We have one of the largest stocks

MAIL ORDER

in Surrey.
KITS BY:

—

JIM DAVIS MODELS
313 Marsh Lane,
Erdington,
Birmingham

Main stockist of all types of
Radio Control equipment.

Keil Kraft, Veron, Ripmax, ¥Wik, etc.
ENGINES BY:

Merco, H.P,, 0.5, Enya, etc,
RADIO GEAR:

Macgregor, Futaba, Skyleader ete.
Fantastic range of Plastic Kits and
all Accessories.

Hours of opening:

Mon., Tues., Thurs. 912 a.m. I-& p.m.
Wednesday 9-1 p.m.
Friday -6.30 p.m.
Saturday 530 p.m.

9 12am.

I
9

We stock everything a modeller
needs to build and fly a Radio
Controlled aeroplane and
advice,

Telephone :
021-373 5945

— ask for Jim —
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radio control specilists

FOR ALL YOUR
REQUIREMENTS

RADIO CONTROL BY :-
Sprengbrook - HB —
Skyleader - Waltron —
Gem - Simprop - Futaba —
MacGregor etc

ENGINES BY :-
OS-Fox-K&B-Enya-HP —
Super Tiger - Ueda - Merco —
Veco - Webra Cox etc

KITS BY :-

Veron - KK - MFA - Sterling —
Topflite - Ripmax - Schuco —
Graupner - Aviette - Micro DB
etc

ACCESSORIES :-
You name it — We sell it

ALL AVAILABLE
AT

R.G.L. Model Shop R.G.L.Model Shop

R.G. Lewis Ltd. R.G.L.| s Foregate St.
I7 Hanover Bidgs. | S€rve Worcester
Southampton you

we

Tel: 0703-25565 I |Te: 0905-26697
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Tel: HAVERFORDWEST 3175

WEWVE GOT A L L THL Glas

MODELCRAFT

15, CARTLETT
HAVERFORDWEST
PEMES.

-

AGE MODELS

_—— PEGASUS
@ MODELS

171 Bramcote Lane,

wollaton, 72, LICHFIELD STREET,
NG8 2QJ. WOLVERHAMPTON, STAFFS
Telephone: 281903 TEL ?72230
STOCKISTS OF A COMPLETE
RANGE OF MODELLING 20, FOUNTAIN ARCADE,
ITEMS FROM PINS TO PROPO DUDLEY. WORCS
RADIOS ’
TEL. 57045
“Home'' of the ... FOR KITS, ENGINES, R/C, AND
QWARLORD ALL MODELLING ACCESSCRIES.
BALSAWQOOD IN 4-ft. LENGTHS
kit. FAl combat model AND 6-in. WIDTHS STOCKED.
for 2.5cc engines, WE PART EXCHANGE SECOND-
with “*mustard tin"’ tank HAND AIRCRAFT, BOATS AND
o RAILWAYS.
Paybonds Welcome
L Trade Enquiries fnvifed PAYBONDS WELCOME.
— TN T S IR ST TR
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NORTHUMBRIA GLIDING CLUB
LTD

Currock Hill
The English Wave Site
Gliding courses throughout the year.

Learn to glide on a weeks holiday course
with professional instruction or bring your
own glider and sample our waves and
thermals.

Excellent Accommodation Available

Brochure and details from:

D. A. Wilson, AKEN HOUSE, 6 KEPWELL BANK TOP,
PRUDHOE, NORTHUMBERLAND, NE42 5PW

THE FIRST BOOK ON THE
WHY’S AND WHEREFORE’S
OF MAN-POWERED FLIGHT

176 pages, 8% x 52 in. (International A5 size)
with 2-1b. strawboard covers, bound in
Balacron with gold blocking on spine.

£1.75

(Price in USA $7)

In this, the first baok primarily aimed at the student of man-powered flight, Dr. K.
Sherwin of the University of Liverpool analyses the problems of design structure and
operation, adding his ewn theories for production of a practical “pedal scooter”.
Over 128 specially selected illustrations collected by Aeromedeller staff convey a
pictorial history of progress and combined with more than 20 text diagrams, form a
scientific reference work of great value to all students of aviation.

MODEL & ALLIED PUBLICATIONS LTD.
13-35 BRIDGE STREET, HEMEL HEMPSTEAD, HERTS
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solid construction.

* MARINE FINISH
* 5.P. HOT FUEL PROOF
* BALSA CEMENT

vour local model shops foday!

USE H.M.G. AND MAKE THE JOB

The finish to any maodel is as important as the making. H.M.G. products
are specially produced to give you a superh finish on a

* HEAT & WATERPROOF ADHESIVE
* ALL PURPOSE CLEAR ADHESIVE

* Look for lhe new, eyecalching H.M.G. packs at )

H.MARCEL GUEST LTD.
Riverside Works, Collyhurst Road,
Manchester, M10 7RU.

Tel: 061-205 5551/3

NJM

WE STOCK ALL LEADING MAKES OF
RADIO - CONTROL

Single Channel and Praportional

ENGINES

Air cooled and Marine

AIRCRAFT AND BOAT KITS
Quick built, R.T.F. and Standard kits

SOLAR FILM
Solid Colours and Metal flake

Faor secandhand eguinment refer to our
advertisements in Aeromod, RCM - E
and Mod, Boats.

WE WILL ADVISE IF REQUIRED
Easy credit lerms through Paybonds
Secondhand equipment bought and part
exchanoged,

NORWOOD JUNCTION MODELS LTD.
3 Qrion Bldos,, Portland Rd,, London, S.E.25
Tel: 01-653 4943

Hours: 9.30-6; W'd 1 p.m, Fri 9.30-7.00

r-----------q

6. Sleep Ltd

For over 30 years we

have maintained one

of the largest model

stocks in the South
of England

22/24 KINGS ROAD
READING, BERKS

Telephone: 50074

F_--_-----
L-- BN R IRV RENT WS R R IR TR N Ea
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SOLARFILM KITS
SPRUCE RADIO
NYLON PLANS
BALSA BOOKS

TOOLS
DOPE

TIMERS
RUBBER
BOBBINS
BALL RACES
TISSUE

CONTROL-LINE

HANDLES §
LAY- B
STRATE

BELL CRANKS
PIANO WIRE

I ALL TIMES .|

ENGINES
PROPELLORS |
SPINNERS

0Ol 460 0818 [

6 CHATTERTON RD §
| 9 B BROMLEY
8 KENT
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WOLVERHAMPTON
MODELS AND HOBBIES

d BELL STREET, MANDERS CENTRE
WOLVERHAMPTON Tel: 26709

For all your modelling needs

It’s fun .ﬂ}ring |
model aircraft

why not

have more and
even bigger enjoyment?

come gliding
in Hill, Thermal or Wave Lift
Seven days a week:
e e - Holiday Courses with -
| I ERRT T full accommodation available

FOR & HGLIE;AY ';'VITH A DIFFERENCE ¥ i
WiHY NOT SPEMD A WEEK AT THE at the
MIDLAND GLIDING CLUB Scottish
Longmynd, Shropshire
Learn te fly in graceful, modern gliders. Gl-d- u B
Minimum age |&. I Ing nlon

Full details and brochure from—
Course Secretary

156 Crowmere Road, SHREWSBURY Portmoak, Scotlandwell
Tal: Shrewsbury 4131 h_‘q’ Kinrﬂm

14 hour angwering service

Please Quote Advert TEIEP‘]D]’I‘E Scotlandwell 243
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Before
youcan
Say knlfe—
you must say

UNITOOL

THREE SUPER BLADES
READY TO SWING INTO ACTION

each one specially designed for
those scores of cutting jobs that
the handyman, hobbyist, and
m’*dPIPr 1as [E‘ do. Blades store

 handle and can be selected
'rmd ocked in position — fast.
Spare blades inserted sasily and
quickly. There's never & dul
mcment when you're using
UNITOOL!

goammmfa'k
SWaANM MORTOMN LIMITED
FEMM '."'.-'DHKS: OWLERTOMN GREEEMN, SHEFFIELD S6 2.

JELAND

S
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ElI KBRAFTY

Model kits & Accessories

E. KEIL& CO. LTD.
WICKFORD
ESSEX

KK Phantom

GIEEIEL tHE NAME THAT IS SYNONYMOUS
with aeromodelling. Over 200 Kits of all types from chuck gliders to
multi-channel radio control. Each and every model flight proven and
designed by experts for hours of building and flying pleasure. And to
back up the KEILKRAFT range every possible modelling accessory.
Kits and accessories available from all good model shaps.

THE GREATEST NAME IN KITS



M.A.P. PLANS HANDBOOKS

Aeromodelling

128 pages fealuring hundreds of working
model aircraft, illustrated almost entirely by
photographic reproductions of the actual
models, plus span, brief description and
graded for ease of construction. Also selected
engine list with tabulated data: index to
illustrated plans, X List of vintage unorthodox
novel plans, many other classifications, useful
articles, order forms. Also good selection of
trade advertisements.

Model Boats & Cars

96 pages of plans of scale and semi-scale
ships, tugs, lifeboats, submarines, paddle
steamers, period ships, racing yachts, hover-
craft, cabin cruisers, mostly illustrated, fully
described, and classed for ease of building.
Working model cars and usual vehicles are
included and a range of scale car drawings,
racing cars, ancient and modern. Index of
drawings; useful articles on building; watey-
line plans; trade advertisements.

Radio Control

Over 100 plans for all types of radio control
models—sport, single channel, multi-
channel, scale, aerobatic powered aircraft
and gliders, plus boats and even do-it-
yourself radio control equipment. Hand-
book Ne. 4 also carries useful instructional
features on many aspects of the hobby to
aid beginners. Itis a useful reference work.

Also available: No. 3. Model Engineering

MODEL & ALLIED PUBLICATIONS LTD.
13/35 Bridge St., Hemel Hempstead, Herts



