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Introduction

To those who really care, the building stage of a model aircraft is
every bit as interesting and rewarding as its fl ight perforrnance. Why be
just a flier of models when you can have the pride of creating the
machine from raw materials and accessories? Building model air-
frames (that's everything but the engine, wheels and contr:ol gear) is
not difficult. The more you build, the easier it gets, so more advanced
projects can be tackled.

This book takes the builder through construction stage by stage,
covering the subject from the various aspects of aeromodelling, from
free-flight, radio control and control l ine, via rubber power, gliders and
power models, including electric power.

It shows the basic" tried and tested forms of construction and
provides hints on the methods used.

The 876 sketch details lead the modeller through from simple to
more elaborate constructional forms, as befits lifferent types of
models and the use of different materials . . . The bare description of the
book, written as above, only sounds technical . . . You are invited to
dive in," vh the sketches, and see how traditional aeromodelling
construction has progressed since the 1930s, when balsa wood was
first used, to the better ways of using that same material today. The
latest techniques have ensured that aeromodelling has grown and
grown, to further improve the art of flying reliably and efficiently. lf you
are not a contest enthusiast, the hints and tips will also help you to
make a better job of that next model and later attempt machines which
were apparently complicated.

Whether you build from plan designs (there is a vast range available
in the Argus Specialist Publications range) or whether you start with kit
models and progress to own designs, this book should be a constant
reference. lt can also aid a designer in the choice of construction and
guide the unwary through hitherto unfamiliar forms of assembly.

Making things easier for yourself as you make that next model is
really doing yourself a favour. Read and act upon the proved
techniques in this book and the model you produce should do you a
favour too!
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GHAPTER 1

Which Materials, Where?
Types of model
ldentification
Basic woodwork

First let us find out what construction is needed for which type of
model, and at the same time see just how many different classes of
model are around for your enjoyment.

Rubber duration (sketch 1:1) needs ultra light construction, but the
fuselage has to withstand the pull and twisi of a powerful skein,-of
rubber. 1:2 shows a duration glider which could be free flight or radio
controlled and tow-launched. Strong wings with lightness needed here.
Power duration is fast and precise in performance and needs to be
careful ly made; st i f f  and l ight (1:3).  For fun f ly ing, anything that is
stable and controllable, and takes the owner's fancy, can be classed as
a sport model. 1:4 shows a pseudo 'jet' l iner (actually driven by a
propel ler in a slot).

p,o
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Slope pylon rocer

E lec t r i c  oerobot ic

1:1 1

Radio control is the rule rather than the exception in these days of
restricted areas for flying. The gliders on this page are for soaring from
breezy slopes. 1:5 is a racer and has thin wings for speed, often fully
sheeted over. For more fun, the lighter aerobatic model (1:6) has
rudder, aileron and elevator controls and short wingspan. On less
breezy days, slope enthusiasts can use larger slower models with
durat ion the a im,  as in  1 :7.

Gliders can be helped aloft from flat fields by use of a fixed or
removable'power pod'. This carries a small diesel or glowplug engine,
often above the balance point (C.G.) of the model. lts purpose is to
give the glider a gentle climb, instead of a tow-launch. Needless to say,
the model then needs to be fuel proofed properly and strengthened
where the power pod is to be fixed. A hybrid is the electric powered
glider, which needs a light airframe to allow for battery weight, and the
sports or aerobatic electric model with similar constructional consider-
ations (1:9). Power models flown for sport can be simple sheet knock-
abouts l ike 1:10, or large and carry radio control fortraining purposes
(1  :1  1) .
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1:12

Rodio  cont ro l

1:14

---)

\ .
Cont ro l  l ine  combot

Goodymr
pro f i le  rocer

1:17
Coni ro l  l ine  s tun le r

When you know how to fly radio control models really well, the subject
can be more elaborate. lrrd6e-d, with standard balsa and kindred

: construct ional materials, almost any shape can be bui l t  -  as bui lding
skills pregress. A contest aerobatic machine in the class of 1:12 would
be fully skinned, light, stiff and cleanly shaped, having a retractable
undercarnage and internal silencer system.

Sport aerobatic radio control models can be made to look less
functional and more scale-like, although easy access to the engine is
often considered more important than good looks, see 1:13.

Such an airframe might be used for control-line f\ring, if scaled
down. Pylon racers too {1:14) need to be really tough, the popular size
is for .20cu. in. engines. Fully sheeted structures these, some with
glassfibre fuselages.

Control-line models vary in construction from light open frame
combat models as in 1:15 and elaborate l ight structures for high
performance stunts as seen at 1:16, to a simple profile fuselage as seen
in the 'Goodyear'  class of control l ine racer in 1:17. Beginners'  models
can be almost entirely flat sheet.
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ldentity parade
Let's name the basic parts of a model, so that what follows will be

clearer. Sketch 1:18 gives the basics for a radio control trainer, but the
general arrangement can well apply to almost any subject. Reference is
made to the basic airframe; other components like undercarriage
(landing gearl will be dealt with in later chapters.

This book does not attempt to describe the design of.a model from an
aerodynamic point of view, but the construction, in relatlon to the part
it plays in a particular model, is important, so we have to identify, for
example, wings that need strong construction from those which can be
lightly made. 1:19 shows how to identify the proportions of the wing
(or tail). Low aspect ratio would be short span, wide chord, high aspect
ratio long span, narrow chord.

The wing section (aerofoil) of which a selection appears in 1:20 may
now be identified

Wing ( t ro i l ing  edge

Toil mmenl

Leoding edge

1:1
Nose mmeil

I  ,-r
Cenfre of

Grov i ty

Pro iec ted  s ide
oreo of wing

Aspect rotio of 5 to I

Combered with undercomber

High  l i f t  undercombered

Combered (floi bortm)
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1:21

Rodiolly cut +-
( "R ibsrock" )  S t i f f

e o s i l y -

:K\s
Tongent  cu t  p lonks-  

p lonks

Elevotor ond
rudder sheel

Strip reinfscment

B lock  cor l ing

1:22
(==z<<

Troil ing edge

,d)
---

Flexib le str ips
Leoding edge

Shoke strips evenly
---(]

Timber!
Balsa wood is the traditional material, light, easily worked andavailable from model shops that specialise in-model aiicraft supplies.

Sketch 1:21 shows how the basic material in sheet form is cut from
different areas of a tree trunk. Tange-nt cuts yield sheets which 

"r" ".ryto curl across their grain, for use in sheei skinning over wings androf f ing into tubes. Sheets cut radiatty lacross the ririgs oi giouvthl canbe used for ribs and other parts which need to be-stiffer"across thewidth of the sheet. Most sheet is sold in 36in. lengths but some shops
stock 48in. sheet. 1:22 shows in how many pla-ces balsa-forms thestructure. In this -example most of it is sheet: thick for the fuselagegides, thin for the. wing skins which reinforce a sheet and strTpframework. Often, the tail surfaces are thick sheet, but aieas like thewingtips and engine cowling are soft blocks of batsa, or inicf sheetlaminated. strip balsa varies in.strength, so carefut m6tcrri"g ;t;i;ip;
for like duw is important. 1:23 shows one way of testing, uuiLe caretulin the shop. No shopkeeper wants broken biis! Chect ii at rrome fromyour stock of strip.
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Model l ins kni fe Merol srroighledge

Soore sheet lo
support stroightedge

I Lost strip
lo be cul

Edge of lost sheer

towords siroiglrtedge

Cut  ho l f -woy  th rogh

Turn sheel over lo cmplele cul

Lost sheet being cut

Strip from sheet
Another way of making sure strips are similar in strength is to cut them
from the same sheet of balsa, with the aid of a metal straight-edge to
guide the modell ing knife as seen in 1:24. Do not al low the blade to
wander into the strip being cut, but try to follow what is shown in 1:25
and 1:26. As the sheet is used up, the straight-edge will rock and the
sheet will slip. To avoid this, gfue glass paper patches under the
straight-edge to grip the wood and lay a piece of sheet behind the
remains of the one being cut, to support it, as in 1:27 - a few pieces of
Sellotape help to stop movement of the sheet remnant.

Thick sheet will be difficult to strip accurately. Do not try to cut it in
one stroke but make several passes with the blade upright, turn the
sheet over and cut to meet the first cut. The strip should be flat on its
cut edge . . . practice makes perfect (see 1:28).

Commercial balsa strippers may be used, but make sure that they are
held level, otherwise the strip produced will be chamfered, as shown in
1:29. However, if a strip of thinner wood is placed under the stripper or
taped to it, the blade should remain upright as in 1:30.

Large section strip or sheet can be planed with a modelling plane.
Hold it  at a sl ight angle as in 1:31 to get a clean sl icing action. Balsa
sands so easily that home-made sanding and shaping tools can be
made as in 1:32, for working odd corners.
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Wor kpiece

1:31
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! ,l_-rconrrol horn positions

Fuseloge side doublersv.
Rib reinforcement
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Hardwood
The correct botanical term for balsa is 'hardwood', although it is
anything but hard. Conversely, what the woodyard salesman calls'softwood' is, to us, hard. lt has been thus for many years, so we must
continue in this book.

Hardwood, as far as the model is concerned, is spruce or pine for
light strong spars and cther strip structure. 'Proper' hardwoods like
beech are used for rnounting'the engine and at other points where high
stresses are present, and where components may be bolted on. lt is too
heavy for use in large quantities. Sketch 1:33 shows where it may be
needed, together with spruce for those spars.

Plyrarood
The lightest 'gaboon' plywood (from woodyards) is fine for areas

where thin ply is specified, such as some fuselage formers, but a high
quality birch ply is best for highly stressed parts like an engine
bulkhead on a larger model, wing braces and in thin sheets for

6ry \  Inser wingr ip ,

_->'
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strengthening (doublers). Model shops selt ply down to 1/anin.thick - it
may . be. rolled into tubular fuselages or 

-uied 
spdringly on ,light-

weights'. Some ply has a thicker centie lamination: choos6 ihis wheie a
part has to be equally stiff in both directions (compare 1:3s and l:36,
which shows the latter).

Gutting ply

. Thin ply is best cut with a knife on a piece of hardwood or hardboard
(1:37). Thicker qly ca_n be sawri, provided the edge is supportect close to
the sawcut, ds in 1:38, otherwise it may have iragged edge.

cut into, or out of holes, at the corners. when re-rioving-areas from
the centre of, say, a former. A weak point occurs if knife-cu[s crois. l:3g
shows the method and 1:40 an alternative if you have woodworking'chisels and gouges. Just press hard with a sideways rocking action to
help the chisel to cut. Generally speaking, pty up to and inclu-ding liain.
thick can be cut with a knife and l/sz aid-y*in can be cut with-sharp
scissors, provided the shapes are not intricate.
. .Thicker shapes are best sawn with a fine-tooth saw or a hacksaw
blade, or on a fretsaw (if the shapes are compfex).

Support neor sowcut l ine

Dril l  c puncir cornero

Ben& eosily ocrcs groin

T in  l id  used os  lemplo te
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Tidying up cut edges is best done by stroking from edge to centre of
edge as in 1:41, using a f i le or glasspaper on a block. A real ly sharp
plane set fine is permissible for thick ply on straight runs.

Stock balsa sestions
Your model shop may have a wide range of pre-cut strip balsa, in

some cases more than those shown in sketch 1:42. These typical
sections are the most popular; strip is cut in sizes from 1Aain. square up
to t/zin. square, and rectangular strip from Vtein. x 1/ein. and in like
proportions up to 1in. x1/zin.. Dowel (round) is not always available but
is not so widely used. The pre-shaped leading and trailing edges are
sof d in sizes from %in. to s/ein. and trailing edge from l/ein. x %in. up to
2in. x %in. Sheet comes in thicknesses from l/ezin. up to %in. and in
widths of 2in., 3in., 4in., and even 6in.. lf a component is to be of
uniform strength, avoid sheet which is soft on one edge and hard on
the opposite one. Such wood is best reserved for small components,
when they may be placed where the sheet offers the appropriate
density.

Adhesives
PVA white glue is most popular, but the standard woodworking

variety does leaV€ a rubbery ridge at the joint edge when sanded, so
choose a 'sandable'type for the exposed areas. Small bottles are easier
to handle, but fi l l them up from the economy size bottle. lf the spout is
too large, giving large globules of glue, add a small  tube to the t ip as in
1:43. Balsa cement, much favoured some years ago, is a solvent based
adhesive, dries quickly and sands easily. lt is stil l used on the lighter
free-flight models by some. Cyanoacrylate (Superglue) is fast for

Silicone rubber tube

Long spdt on

smol l  bo t t le

D i rec t ion  o f  p lon ing  or  f i l i ng  s t rokes

\

I
)

'^','ry*_,il
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Plos l i c  rod:hKeep upr igh t
when not in use

Cof fee  s t i r re r

\_ -arr
| --)72/

v///-
,-,--//'-

Y

Cordbord box
support for epoxy boil les

rae 1/
Fine  g lue  l ;ne  -s t .ong

construction and may be considered worth the extra cost (look at the
time saved). Place components together and spot the glue on to be
drawn in by capillary action. lf the cap gets clogged, make a new one as
in  1 :M.

Plywood doublers and even large areas of sheet, used for this
purpose are best fixed with contact adhesive. Spreading this can be
wasteful, so use a fine serrated edge like a discarded piecl of hacksaw
blade in a wood block (1:45).

F-a9t epoxy (five minute working time) is arso popular, but adds
yveigfrt. The type in twin bottles is convenient, with long spouts, but the
liquids tend to be sluggish in reaching the spout, when inverting them
for use. Provided the caps are secure, they can be kept inlverted
between use by propping them up in a cut-down cardboard box, as
shown in 1:46. The adhesive can be spread or transferred with any
scrap of balsa, lolly stick or spill of card, but old plastic stirrers from
coffee machines have a groove in the handle, which holds extra
a.dhes.ive.Th" epoxy can be mixed on a few strips of masking tape on
the edge of the work table. The tape can be discarded when it-becomes
covered with cured epoxy. Never mix up more than can be applied in
five minutes. In hot weather, it pays to have a few quarry tiles or other
thick ceramic or metal blocks in the refrigerator. Seilotaping their
surface before cooling them makes a mixing irea and the coolinj effect
p_revents-the epox! setting too quickly, before it gets to the joint. (1:47}
lf gnoxv is warmed rn the joint, it will flow easily . . . Mat<e that glue line
th in !  (1 :48)

In the following chapters you can get 'stuck into' some actual
bu i ld ing .  .  .
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CHAPTER 2

Buifding with shedt
Cutting out
Double crutch fuselages
Wings
Tails

This is the start of actually putting models together. Sheet balsa
construction is examined as the basis for further details in following
chapters.

First to mark out shapes of components onto the wood, a favourite
method, in the absence of stick-on templates or printed wood, is to
carbon down from the drawing, or prick around the outline with a blunt
pin, as in sketch 2:1. why blunt? Balsa is so soft thatthe grain closes up
easily, so a blunt pin leaves a better mark. For straight edges, it is only
necessary to mark at the corners, then with the plan removed, place a
steel rule from point to point and cut.

curves can be drawn, using the pinholes as a guide, then cut so that
the grain tends to draw the knife blade away from the component as in
2:2. l t  the knife is used in the opposite direct ion, i t  may accidental ly run
into the component and spl i t  i t ,  as 2:3 shows.

B l u n t  p i n  m o r k i n g  o u l l i n e s

Drow oround morks Pin  f inds  edge o f  wood

See also
Ghapters 1,5 and 6

Cul  be tween
morks

2:1
2:2

\
P  l o n

2:3
e

uro ln

Component --

Cmpo^enr-a-.--

=-<l*11'.r_2

t Itb e*f iil s

jlll't*Efll
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For sho

2:4

Afthough complicated shapes like those in 2:4 may not be dealt with
in this chapter, the arrows indicbte the better direction in which to cut.
Sharp curves are best dealt with by using a sharp pointed blade, long
straight cuts with a curved one (for long blade life) and gentle curves
with a less pointed blade

By laying part shapes out carefully, they can sometimes be cut using
a common line, leaving very little waste wood. Take care, though, that
the parts all l ie with the correct grain direction. See the fictional layout
of  2 :5 .

In connection with the construction of fuselages, our first exercise in
this chapter, some formers will be needed. These may be plain
rectangles of sheet, or reinforced as in 2:6 by adding strips_of balsa
along the short grain edges. They may also be assembled from
rectangular strips as in 2:7,leaving an access hole in the centre. lt is of
little importance that the top and bottom are not flush, in fact it makes

18
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the corners strong and provides more joint area for other parts of the
structure. Fi l lers can be added as in 2:8.

Gross crutch
The simplafuselagejn 2:9 usesa lside profilel shaped sheet of balsa,

say %oin. thick for small models, up to 3/'rein. thick for those of say, 5ft.
wingspan.

The profile is made rigid by a second one in plan view, cut to fit each
side, and small gusset shaped formers, all as seen in2:10. The resultant
cross sect ion atthe wing is as 2:11 and further aft  as 2:12.

The fuselage depends on the covering (doped tissue, nylon or shrink
film) to resisf torsional movement (twisting), but the edges of the sheet
can be capped as in 2:13, to aid covering and stiffen the edges.

Normally, the covering will shrink in to produce interesting concave
shapes at the front and rear of the wing mount or pylon, but soft balsa
block can be placed here as in 2:14 and near the nose to reinforce the
engine mounting. Alternatively the blocks can be restricted to the more
sharply curved areas and sheet bent to fi l l-in or support an acetate
windscreen, as seen in sketch 2:15.

Ver t i co l  o ro f i le

2:9

2;11

L ine  o f  cover ing

Typico I.-."J K
J \T

2:13

2;12

Windscreen

Hor izonto l  p ro f i le

Block



Check formers wilh set squore Guide l ines

Formers flush *irh edgei

=>< /a,---
Polythene over Plon 

-

- '-'----'-

Doublers inserted (clip
Sides glued lo edges
of botfonr

' \ - /

2:16

2:17

2:18

Side flot on boord

2:19

Box fuselages
lf the fuselage has a flat bottom, that sheet, cut and pinned to a flat
board, can be the basis of construction. Mark the positions of each

to
of

former and pin and glue them in place vertically, checking with a small
triangle of card or a matchbox (2:16) The pins are withdriwn when the
glue is set, then sides added, as 2:17. lf the sides overlap the bottom
sheet, thgy should be set down onto the polythene covering the board
or plan. lf there are any reinforcing strips or 'doublers' they go in at this
time. A fuselage with a flat top can be built in an inverted position. The
foregoing pre-supposes that the formers are at g0" to the top in the
latter example, or bottom in the former description.

lf the sides are the prime structural members, position them
vertically about a centre line, checking that the formers are vertical and
at 90" to that line. See sketch 2:19. lf the formers are added to one
fuselage side laid flat on the board, beware . . . this tempting method is
only good for those parts which are a straight taper to the tail or paraltel

20



all the way. Use a card template shaped to the true angle between
former and s ide as in 2:19.

lf sides are assembled as in 2:20, placing the formers vertical in
relation to one side, they will all be at the wrong angle. As a precaution,

--rnark both sides whifsllhev are clipped together-at each former
position as seen in 2:21. Then they can be assembled while the glue is
still soft and the formers checked at each position, on both sheeti as in
2:22.

Carrying this system further, notches may be cut in the top and
bottom edges of the sides, to accept small lugs in each former, thus
effectively locking them in the correct position, as in 2:23.The fuselage
can be assembled upright, or on its side with packing blocks at nose
and tail to keep it true. lt is best, however to mark centre lines in each
former and align them on one drawn on the board.

The grain direction on the formers should really be from side to side,
so that the lugs are strong, os in 2:24, otherwise they may break off
either while cutting them, or on assembly with the sides (2:251.

Perpendiculor lo centre I ine

\ Fqmer

\_

Bui ld ing bord

2:2O

2:22
Cent re  l ine

2:21

\

Bui ld ing boord

2:23 Verticol I
Sroin 

$

x

Mork for formers

Reference morks

Fomers with
lugs into slots

2:25



Doubler strips can also serve as lugs for this type of construction,
resufting in a stronger former, as 2:26.

As a general rule, sheet fuselages, which have all four faces solid, fall
into two categories: the first of which have thicker sheet on the sides
than on top and bottom, as seen in sketch section 2:27 .In this case, the
top and bottom sheet can have the grain running across the fuselage,
to add strength to the sides, or lengthwise. Alternatively the top and
bottom sheet can be thicker than the sides as in 2:28, in which case all
sheets have lengthwise grain. The top and bottom may be rounded off
slightly to improve the appearance, but excess thinning at the edges
may occur, unless a reference line is drawn on the edge of the thick
sheet, as 2:29. This will show up as the sanding proceeds, whereupon
the sanding is halted. Corners may be reinforced with a square strip as
in 2:30. This increases gluing area, so thinner sheet may be chosen
{note the cross grain top.)

On a glider, the sides can be terminated in a laminated noseblock;
2:31 shows grain direction. lt can be stepped to take the sides as in
2:32, or the sides overlapped and blended in as in 2:33.

Sides

Ver t i  co l
gro in

fomer

Strip ocros lo
form lugs

2:26
G u i d e  l i n e

A
Qver lop  requ i red

ofter sonding

Strip for exlro gluing oreo
ond corner reinforcment

,/
Norched f

l

\
Thin sheet ocross

I
*

2:28

Cenlre lominotion fore
ond oft io toke

1'2;

t.r..)*2:3O ourer lomimiion in noich
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l f  long thin fuselages or tai l  booms are bound to secure them while
the glue sets, avoid making a single binding as seen in z:34. Two
bindings done alternately for a couple of turns each should equal ise the
twisting force as in 2:35.

Solid wings
The smallest of models can be allowed to get away with thin flat

unshaped wing cross section, but for a better performance give it some
camber, by sanding the top surface as in 2:36. Larger models can use
thicker sheet, preferably with a joint, so that the leading edge is hard
and the rest soft. This is strong and light and seen in 2:37. Conversely,
sport models stil l fty quite well with plain flat sheet wings, rounded off
slightly at the edges. lt is the need for strength that dictates thicker
material, which in turn will be better if shaped to a reasonable aerofoil
section. More accuracy can be achieved by laminating two sheets of
balsa, each sanded as seen in 2:38 for a cambered section or as 2:3gfor
a symmetrical one. The dimensions are only for comparison as are the
sections resulting in 2:40. The edges of a sheet can be marked clearly
as a guide to sanding, f i rst on a f lat board, then on packing when turned
over for the second sanding 12:41 and 421.

2:38
-t

t_ ffi
- : j ^

Join ofter sonding

Join ofter sonding

a'te"

[ f f i
+ f f i

2:39
2;4

_-l_
l- Eq"ol

r;lz
T

No comber

Medium or soft

| ) sond on flot surfoce
inver t  cn  pock ing  ond fmm
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Gurved sheet
Lightweight wings can be cambered by curling the sheet over

temforary;forme' r]bs, as seen in2;43. This is afar cry from the chunky
conirol l ine wing just described. The cambered sheet will need spacing
ribs to enable itio seat in the fuselage without losing its camber. These
ribs are glued to the wing and dihedral is incorporated by sanding the
centre ends, before joining with tape over the glue. Sketch 2:44 shows
this in section.

One form of sheet construction is known as the 'Jedelski' wing,
which is not the name of the aerofoil section, but the method of
construction itself. A thick, hard, shaped leading edge is propped up on
wedqe shaped ribs, as seen in 2;45, butt joined by its rear edge to a
curleO thin sheet. The ribs hold it in shape and remain exposed. lt helps
if  the joint l ine is marked in the r ibs as shown.

Avoid highly arched sections when choosing this method. This
means that less rigidity is available, and wire bracing may be needed
on towline gliders. Sketch 2:46 suggests reinforcement at the attach-
ment point of the bracing. The section in 2:47 is taken spanwise.

Edges curl do*n

l/16" or 3/32" sheet
Dope botim surfoce

Sond ond bu t l  io in ,
odd tope or nylon
str ips

Temporory ribs

Do not  g lue  lo  w ing

2:43
2:45

2:44

(4

Open rib syslm
Hord leoding edge
shoped on lop surfoce

Thin curved sheel

Locot ion  mork  fo r  io in t

Exposed ribs support
t ro i l ing edge

Ply  p lo te  g lued on  top
Sew with threod or *ir
to ply rib below

Deep ply r ib
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Double skin wings
By adding a second skin to the wing, with space and ribs between

12:48 and 49) a marked improvement results. Webs between the ribs
locate and strengthen both r ibs and skins as in 2:50, so thatfor a l i t t le
extra effort--strong, warp resistant wings result. They can be flat
bottomed, which are easy to assemble on the lower sheet, sym-
metrical, or near symmetrical {for control l ine or radio control). Packing
is  needed under the lowersk in  as seen in  2 :51, th is  sk in  be ing p inned
down, so that it partly conforms to the shape before being held
accurately by the ribs. So now we come to the ribs themselves for the
first time.

Whether the wing is to rely on the skins alone for strength, or to haye
spars, is not important at the cutting-out stage. A ply or metal template
should ensure that a parallel chord wing has identical ribs. Cut in the
direction of the arrows shown in 2:52. This ensures that the blade does
not dig into the rib or template.

Flat bottom ribs can share a common bottom edge line, or the edge
of a sheet, as shown in 2:53. This is economic in wood and ensures that
the grain direction is right.

Webs or spor

Bottom skin

Cut with metol stroight
edge to guide blo'!

a
/ Thicker sheet 

'

2:49 Thin seoion

2:51
Loding edge srrip

Pocking str ip

Guide l ines

Position nexf set of ribs
to sove wood ond ensure
correcl groin direclion

2:5O R.r.,"n..,,6f

Cut from edge

--.--Ri; olrody cul
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Bolts or studding Sonded surfoce

Use to check wing

2:57

Direction of culs

2:59

Alternatively, the ribs may be cut by the 'sandwich method'. Two
templates clamp a set of rectangular balsa 'blanks', using lengths of
screwed rod (studding) and nuts. lf there are not many ribs, use bolts
or even pin them together and clamp them in a vice, see sketch 2:54.
The whole block of blanks is then glasspapered down to the level of
the templates, using a sanding block. Spar positions are marked, if
required, and the finished block will appear as in 2:55. Ribs can be
checked for length by shuffling them and placing together again on a
squared-off piece of ply as in 2:56. Notches may then be cut by pinning
the ribs together accurately and making cuts with a razor saw or iunior
hacksaw as in 2:57, finishing off with a flat file of the correct thickness
(or thinner), as in 2:58. Note the angled notch at the leading edge in this
example, for a square strip of wood set on edge for that purpose (more
about this in later chapters)

For knife-cut notches on ribs which are additionally notched, or when
there are only a few, adopt the cutting directions in sketch 2:59,
otherwise the corners of the notches may break off. Use a pointed knife
blade for the job.
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. A good type of construction for sheet skinned wings terminates at the
l_egl ing gdge with a false' leading edge'str ip, in theiequence shown in
2:60. lt is particularly effective where the leading edge is blunt and
deep.

- -Iailing edges can be made by chamfering onrcheet to aeeept the
second. The ribs taper right down to the front of this chamfer, as seen
in 2:61. A stronger edge results when a wedge sectioned strip is placed
inside, as in 2:62, when the r ibs should beihoBped to f i t t i re sir ip. A
sharp trailing edge results when the second sheet overlaps the lower
one (work right on the edge of the building board). Then the overlap is
sanded from the other side.

Where sheet is too narrow to go from leading to trailing edge in one
piece, it should be butt joined on a flat surface before iiis titteO. The
technique shown in 2:63 makes this easy. Be sure the glue is dry before
peeling off the tape.

Washout
Taking the 'Jedelski' wing first; beneficial washout can be introduced
by trimming the trailing edge back at the tips to produce a slight taper

Folse  lod ing

edge strip

2:60
Chmfer  in  s i tu Add leoding edge

ond shope

Qver lop  ond

Hinge open ond oPPl

Woshout produced

2:64 Tro i l ing  edge cu t
bock ol l ips

Ribs end ot chomfer
r  \  Top sk in

ght down on flot surfoce

edge is cut bock too
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as seen in 2:64. Do not trim the leading edge too, as in 2:65, which
nullifies the washout effect.

Solid wings must have washout incorporated (should this be needed)
at the first stage of sanding to section. Mark the washout line required
on the sheet edge as in 2;66, and sand the bottom corner up to this line
before shaping the top to a curve Single skin (curved sheet) wings
may be cut back as was done with the Jedelski type, or warped during
the shaping process as in 2:67, by use of a specially shaped end rib or
temporary rib.

Tips for tips
In the same order, a wingtip may be strengthened and made more

attractive in appearance by adding soft balsa blocks, or sheet with grain
running from L.E. to T.E., or by fitting a ply plate to maintain the
camber, all as in 2:68. Solid flat bottomed or symmetrical section wings
are easier to deal with, because the tip pieces do not have to be
hollowed below, as was done in the previous example. 2:69 shows that
the shaping is done after gluing in place. The double skin wing, being
lighter, deserves a spot of laminating at the tips, using two soft blocks
with the inner one hollowed out as in 2:70, which is fair ly blunt, or in
2:71, where it  is more rounded.

/kor^ol ribs or forme

// ---,

Al te rno t ive  s t r ip  t ip
Note groin

Medium

,/ 
sheet

Sond to mofch
wing  sec l ion

sheet i ip j

Chordrrise 9rorn
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2:74

Hord  shee l  leod ing
edge ond insert

Poper covered
wi re  l i s

Hord  s t r ip  o t  en*
. - l

I  r r m  l o o

Tails
Tai lplanes and f ins may be made from sol id sheet shaped to the

prof i le of the component. l f  the shape is more complex than a simple
rectangle, triangle or oval, it pays to butt join reinforcing pieces in
place, or inset reinforcement with appropriate grain direction - see
sketch 2:72. The f in can be treated in a similar manner to tai lplanes or
made up from several pieces of sheet, cut so that the grain direction
fof lows nearly paral lel  to the principal edge, as seen in 2:73.

On free flight models, a rudder or trim tab will most probably be
needed to obtain the desired flight pattern. For small models, plant ties
of the wire-in-paper type are useful here, but remember that once set,
the tab is best glued, to avoid accidental change of angle. Hinges
proper will be dealt with later on, where they have a chapter to
themselves.
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CHAPTER 3

Profile fuselages
Glider
Fun rubber power
Gontrol-line
Free-flight
Radio Control

See also Ghapters
2,4and5

Profile fuselages may be simple sheet cut-outs, laminated, or built-up
structures. The elementary chuck glider and rubber powered junior
model are simply cut from sheet balsa to the desired profile, but left l ike
that, they may quickly deteriorate. Take the simple sheet glider
fuselage for example; that in sketch 3:1 has a simple slit for the wing,
but the ends of that housing will soon break as the wing is slewed on
landing. Far better to have a strip of balsa each side to seat the wing,
which may then be f i rmly glued in place { i f  i t  is a small  model) or
retained with rubber bands over short dowels. The top part of the

3:1

Add l,/32"o( l/64" PIY
doub lers  eoch s ide

Hord sheet spocers eoch
Hord sheet eoch side

s ide  o l  nose ond molor  peg 3:5t
I
I

Cmmerc io l  nose
beor ing  p lug

3:4

Possible f rocture ooinls

Pos ib le  f  roc lu re  Po in ts

T r i m  t o  c l m r

motor  ond P lug
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fuselage can then be cut off and fixed to the wing. The rakish fuselage
in 3:2 is too sharp for practicability and has another weak point aft of
the wing. l f  you must have shapes l ike this, add thin ply each side to
reinforce the weak areas as in 3:3. Note how they taper off gradually: if
![eye4ded sqddenly, lhe Uteak paintwouLdbe movedf_unher along. A-
simple junior rubber powered model is shown in 3:4, with the cross
sections in 3:5. %in. sheet is about right for this fuselage of say 8in.
length.

fn a control l ine model, that simple sheet, even 1/zin. thick, will not
support the engine. The type of laminated fuselage is safer, as in 3:6.
The main load of engine and wing can be supported by I/ain. ply (for
say, a 1 to 2.5cc engine model). The rest of the fuselage depth is made
up by /ain. balsa sheet. Larger engines will need proper hardwood
bearers (see chapter 5), in this case beech, and they are tapered to
blend into a balsa fuselage of the same thickness (say %in.).  The balsa
can be medium soft, because the bearers are covered with t/gzin. ply
both sides to act as doublers right back to the wing. See 3:7.

Larger, sleeker models with bigger engines will demand extra
reinforcement in the form of full length hardwood (spruce) strips
laminated with the balsa, for example l/zin. square beech bearers, lZin.
x1/ein. spruce and %in. sheet balsa. ,/szin. ply doublers are also used as
before, all as seen in 3:8.

Beorers

3:7

Thin ply doblers ots ide Hord'rood striPs Bolso striPsra

Open frome fobric covered3:9
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3:10

3:1 1

S i d e  d w b l e r s '

Squore JJrtine
ond tT;t"t ttt i t '

Out l ine  s t r ip

3:12

3:15

For free flight power, the smaller model can have a simple ladder-like
frame which serves as a fuselage when tissue covered. This 'fabric'
provides rigidity and a piece of thick sheet fi l ls the nose bay for a motor
mount to be added., see 3:9. 3/tain. square strip should be strong
enough for small models (up to 0.5cc) 24in.long, provided the strip for
the outline is hard, otherwise I/nin. square might do.

The nose detail for this type of smalf model appears in 3:10. The front
fuselage bay is fi l led in with sheet of the same thickness, and a plywood
plate, to which the motor will be bolted, supported with shaped balsa
blocks, grain fore and aft to give support against twisting.

The fuselage frame itself can be made from square section strip, with
or without sheet balsa skinning. However, some weight can be saved
by using rectangular strip as in 3:12. With a wider fuselage profile, this
will be more rigid, but sheet skins are needed to prevent the outline
buckl ing.

A combined example of profile construction is used in the power
model fuselage of 3:13. Intended for larger engines, beech bearers are
bonded in with thin ply or sheet balsa skins partway back, then Warren
type bracing {diagonal spacBrs) hefps to keep the outline in shape,
relying less on the covering itself. The wing seat is reinforced and
provision is made for rubber band fixing onto dowels.
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Wrt'!

Thick iop for seoi supporl B lock  shoped

//,
( r l O S S l l D r e  O r

)l;l*;,'.1";' llrill'  
f ,  r l

shopedborfm-..-ll ' 
l,l

lb.Jl

".,*":t:::), *,,, M
3:17

Solid sheet to noe
piaced for R/C 9or

Holes for rodio systm

- - . - \
Doublers to reinforce edges of holes

3:18

3:19
Beorers

Removoble cover
Cul hole for R/C geor

Spocers  ond ou t l ine  o f t  o f  w ing
sheet sk inned

ur"*l'y

sketch 3:14shows a pylon mpdel  wi th fu l ly  sheeted s ides. . .  one
side has been removed to show fhe structure, which on smaller models
can be simple vertical strip. rh/t wing seat detail appears in 3:15.
. A small gl ider is seen in 3:16. trr is has a'pod-and-boom'layout, the
boom being solid hardwood dowel or glassfibre tube, which is blended
into a profile fuselage'pod', sheet or tly covered. As the strength lies
mainly in this skin, the spacers and outl ine aid r igidity. There i i  a gap
for adding ballast to balance the moder and a b-ox tb accept a flight
timer. The thickness of this item often dictates the thickness of the p6d,
for it is recommended that only one side is cut out. The boom is located
by thicker_stnp shaped at the bottom and overlapping side panels, as
shown in 3:17.

Radio control
_ lt might be thought that radio systems could not be fitted into profile
fuselages. Well, true, some modellers manage to pack it all into the
wing, but this may lead to linkage difficultiel. lt tlre model is large,
miniature radio may be dropped into a slot in an otherwise solid fr6nt
fuselage, p-er 3:18.

Wing seot

33



Servos bolted through

Profile fuseloge
1/2-3/4in. wide

3:2O

3:22

Rmovoble foiring

I in. wide is odequote
for mini seruoa

Cycle spoke loop to restroin model
when stretching lounch bungee

Soft  sheet inf i l l Hord block infill to roke lounch lug

with a larger cut-out, the edges of the hole need hardwood strips, let
into a solid sheet profile (remember 3:8). Here this model is smaller and
uses a solid wing. The R/C gear needs a light cover as indicated in 3:19.

A typical section of this fuselage is seen in 3:20. only the servo arm
side of the covers need be removable. Larger models with small servos
can have a solid or built-up profile fuselage without openings, or at
most, one for a deep receiver; the system hides in a plastic bubble on
one side of the fuselage . . . a large bubble canopy might fit, or parts of
one adapted with thin ply between. The fuel tank, clamped on the other
side, can also be faired with soft block (3:21).

Miniature servos are so thin that they can sometimes be accom-
modated in line between the side skins of a profile fuselage; for
example, the catapult launched model seen in plan view at 3:22. An
important feature of these catapult models is the restraining lug at the
tail end. lt has to be made from strong wire (cycle spoke) and held with
nuts through a solid block. All the pull of the bungee is exerted here
before release. The side view in 3:23 shows the extent of the side skins.
That towhook needs to be firmly fixed too. Screw it to ply inside.

catapult R/c models are fast and need to be built accurately; they
also need to be flown by pilots who have gained experience on more
docile machines.

v,?,-r''r"D,

/C system on side
of  so l id  p ro f i le

PLAN VIEW

Towhook bolted through ply plote inside
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CHAPTER 4

Open frame models
Fuselages, wings and
tails for rubber, sport
power and glider

- Lightness is the key and reason for making airframes in an ,open
frame'form. A bonus is the wood saved and a s-f ight penafty is ifre extra
t ime i t  takes to bui ld such a model.

Tradit ional rubber powered durat ion models usual ly employ simple
box framework for the fuselage. The basic shape need not'necessaiily
be given sweeping lines, but formed as a series of straight lines, which
are represented by four strips going lengthwise, knowrias ,longerons,.
Vertical strips called 'spacers' lieepltrem apart and produce iad-der-like
side frames as shown in 4:1. The angles of the top form a suiiibfe seat
for the wing on top and a tail below-, aft.
.  A stronger method, requir ing more patience, is seen in 4:2,where the
longerons form smooth curves.

In order to ma,intain the shape without compfex bracing, the spacers
become what is known as 'wairen bracing' as in 4:3. The iiames bo not
now rely so much on the tissue covering for rigidity. For the sake of

See also Chapters
9,10and 11

Stroight kinked longerons

Curved lmgerons

Worren brcced
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4:4

4:8 4:g 
V

#
4:10

clarity allthese sketches show a gap between longerons and spacers or
bracing. In reality the joints need to be made carefully, as will be
explained later.

The spacers and bracing can be combined as in 4:4. Wing seat strips
may be added as shown dotted.

Sport models may be given a cabin by re-arranging the longerons
and spacers and the tailplane can have a recessed seat. In its simplest
form, it could look like 4:5, which returns to the straight line form, or as
4:6, where curves are introduced.

Go easy on those curves when the frame is not braced. The chances
are that the sharply curved longerons may force each other to adopt a "
mean line as seen in 4:7. In this example it will be noted that the top
longeron is concave and not balanced by the convex lower one. The
shaiply curved lower nose longeron pulls the flatter top nose longeron
down, distorting the nose spacers. Diagonal bracing would avoid this.

Joints
Spacer-to-longeron joints need to be cut to match, both at the correct

angle and without gap or being over-tight (4:8). lf force is used the next
spicerwil l  drop out. Avoid longeron joints unless needed as in 4:1,5,6
or 7 . A 'superglue' joint helps, so does a sliver of 1/sznd ply as 4:9, not a
p la in  but t  and g lue as 4:10.
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Where bracing meets uprights, the ideal shape for the diagonal
bracing ends is seen at4:-11. lttakes patience to get it just right, but is
well worth it. 4:12 shows that Warren bracing can be simply chamfered,
because there is plenty of longeron in contact with the ends.

With all-those short strips tocuhtrfalittle eutting iigiike that in 4J3;
A fuselage with a rectangular cross section needs pairs of spacers, so
that a second identical side frame may be made. lf the fuselage is
square in section, then four spacers are needed at each station. lmagine
how many identical spacers are needed for parallel sided parts of the
fuselage.

Tail seats
The angles of the longerons do not always position the tailplane at

the correct angle, so a suitable step may be created by re-arranging the
longerons and adding fil ler pieces and gussets as sketched at 4:14,
making provision i f  needed,for a hardwood dowelto take rubber bands
to retain the tai lplane.

l f  the tai lplane is below and has a cambered top surface, shaped
sheet seats are needed to continue the longerons aft as shown in 4:15.

4: 13

4:14

Cross piece or

Str ip to be cut

Gussels some thickness os frome

former

To f i t  to i lp lone 4:15

37



Wing seats on low wing models need a similar treatment; those
sheet seat pieces should be of the same thickness as the longerons as
shown in 4:16. The deeper the camber of the wing, the deeper the seat
needs to be, so that it does not have a weak point at the mid camber.
Deep cross spacers also help to reinforce the fuselage fore and aft of
the wing.

Continuing the theme of local reinforcement, we have a typical nose
treatment in 4:17, where the nose of a typical rubber powered model
receives reinforcement and a strong ply former, little more than a frame
itself, to keep the nose square or rectangular as required and provide a
hard wearing surface for the nose block. Further back, the pull of the
rubber motor on its retaining peg needs gussets and an area of sheet to
hold it, as seen at 4:18. The fuselage gets a lot of handling here, as the
helper grasps the model whilst it is wound. Models intended for higher
performance often have a lighter but hardly less strong detail here as in
sketch 4:19.

Just how far can one go in keeping the airframe light and rigid (so
that there is a better performance) can be seen in 4:20 : a high
performance rubber powered model's fuselage. In order to give rigidity
the longerons are angled at 45o to resist crushing and the spacers have

4:16 To f i t  wing

4:17 418

Medium sheel

Leove open belor
for motor occess
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Longerons ot 45o
l/l6"squore brocing

Spocers wilh
45o en&

Pocking

-_;

S Q U A R E  -  S T D E A N D p L A N
4:24

Toper io toil

SECTION 4:25

C A B I N  S E C T I O N

to be cut to this angle to maintain the longerons accurately, see the
section in 4:21.

Special tricks are often used to make the side frames. Look at sketch
4.:22; tr iangular j igging str ips hold the rongerons and packing under
the spacers ensure that they do not protiude past the edgd of the
longerons.

Such f-uselages are often slim and near parallel, so that the fongerons
are not forced to bend across their less flexible axis. 4:23 shoils the
general side view of such a fuselage.

There are many combinations and permutations on the basic sguare
longeron fuselage as applied to rubber powered models (even
lightweight gliders have adopted some versions). Take the following
sections and outlines- for e-xampl_e - square as in 4:24 and rectangula-r
to form a simple cabin as in 4:25.

Tu.rn the square on edge for a regurar diamond, as 4:26. The wing
needs to be braced if it is to perch on the top edge, but a streamlined
fairing can be built onto the basic diamond sectio-n,'by adding it 

""t 
.t

SECTION



DIAMOND (wirh pylon)

428

the top to meet the wing and spacers below to meet the corner
longerons as seen in 4:27.

Ouite elaborate versions can be created by placing thin strips down
the centre of the spacers to make an octagonal main section as seen in
4:28.In this case extra short fairing 'stringers' (strips that give shape
without contributing in a major way to the strength) are added at the
nose to fair it into a noseblock or spinner.

At the other extreme; 4:29 shows a triangular fuselage, economic in
weight and in timber, but rather restrictive inside when it comes to
pacling in lots of rubber for powering the beast. The triangle.can have
its apei uppermost or below, depending on how it is intended to fix the
wing and tai l .

Aii these examples can employ spacer and bracing methods already
described and apart from the triangular job, start life as two side frames
assembled flat on the building board over the plan, held there by pins
around the outside (not throughl the longerons. Completed sides are
then joined by cross pieces while being held between suitable blocks of
wood or small boxes to make a simple iig.- More about this later . . .
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HEXAGONAL ( with double triongulor fromes)

l ine  o f  cover ing

A l te rno t ive  rh in  f i l  l e r  f lush
wi th  ou le r  foce  o f  f iome

4:31

4:32
Sheet  f i l l e rs  w i rh
ver t i co l  o r  d iogoml
gro in ,some th ickness

os frome

Carrying the triangular frame to extremes, 4:30 suggests a 'fun'type
rubber powered low wing model, where the fuselage becomes a fin. No
doubt owners of small internal combustion engines may adopt it for a
lightweight sport machine!

one of the author's experimental rubber powered models used a
double triangular combination to bring the cross section to hexagonal,
while stil l leaving space for the motor. The basic triangular fuselage
was built, then extra spacers glued to the existing ones to make very
rigid formers. A second set of longerons were added. The result was
not twice the weight of a simple fuselage, because the wood was of
smaller section.

Power model fuselages
Back to basics again; sheet infil l panels may be added to strengthen

the basic longeron and spacer frames, where there is much handling,
point loads of landing gear and the need to provide rigidity wheh
starting the engine. 4:32 is a general indication of the infil l pattern in a
simple cabin sport model. You only have to experience the shaking that
a fuselage receives when you try to start your first model engine, to
realise the importance of this sheet fi l l ing.
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2 Fir fo-.o 4 Crt ctoss pieces to fit
ond  g lue  in  p loceAdd tronsverse sheet or

or block ond corling
side sheet

Jo in  o t  to i l
end

4:33

I Assmble longerons, uprights
und ver t i co l  g ro in  in f i l l  p ieces

To o id  bend ing  ,  thse  in f i l l  p ieces

moy be odded ofter f itt ing fomers

4:35
Avo id  loose

f i t  here

4:36
Ribs thrmded onto soor

Tro i l ing  edge

Clearly a certain order of assembly is desirable and sketch 4:33
explains the sequence for a typical sport power model fuselage. A this
stage no comments are made in respect of engine mounting {these will
appear in the next chapter). lt is rare for the sequence to be varied, but
bear in mind that those parts which form sub assemblies need to be
firm and handlable before going further. Formers will keep the sides
upright in correct relation to each other, but just to be certain, a small
right-angled piece of card can be used to-chaqk that the formers
themselves are both upright and at 90o to the fuselage centre line on the
plan view.

Sometimes the fuselage has to be assembled upside down, for
example if it has a flat top and curved underside. lt is a good plan to
mark centre lines on the formers and spacers, so that a check can be
made, not only on the plan, but with a metal straight edge along the
top.

Where longerons have to be bent in sharply at the nose, they may
need to be preformed to the curve either by steaming or, in the case of
farge models, slit and laminated with slips of ply as in 4:34.

Open frame wings
One of the simplest arrangements appears in 4:35, but needs careful
piercing of the ribs. When gluing in the spar, either use cyano adhesive
or position the spar slightly to one end, apply glue to each rib where it
meets the spar, then slide the spar home to drag the glue into the ioints
of all ribs.
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Although rib and spar systems have been dealt with in their most
elementary form in chapter 2, open structures put a greater emphasis
on detail. In sketch 4:37 can be seen some oi the main spar
arrangements in single spar wings. To half notch the spar into ribs as at'A' reduces the spar strength, yet rib strength suffers in the central spar
at'B' (described earlier). 'C' is the most often used method, twin spars
take care of compression and tension and, often, a linking web aids
rigidity. At 'D', all the spar material is at the surface; so it contributes
more strength. The webs are essential, for such spars will buckle
without them. A box spar is a double webbed version and appears at'D'. This is one of the strongest types of spar but sometimes needs the
ribs to be strengthened, for as seen in 4:38 the spar takes a large chunk
out of the rib. Sketch 4:39 shows how stiffeners and cap strips restore
the strength.

Rib shapes
Quite often, a drawing will indicate a variety of rib details on one

basic outline as in 4:40.lt is easy to chop out the wrong notches when
making ribs from such a detail, so trace each version and check it with
reference to the wing plan view. Sketch 4:41 shows how a standard rib
can be sl iced to suit  smaller chords at wingtips.

Cop strips

Rib doubler

J  _ . -
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Leading and trailing edges
Pre-shaped stripwood is available for leading edges. However, not all

wings wili match up to the section of the strip and transition between
the ltrip and rib needs to be smooth 14 42 explainsl. The practice of
using a square strip on edge is good only so long as the strip is large or
smaii enough to blend in when it is sanded in situ as sedn in 4:43.
tdeally the cbrners of the strip should be in line with the camber line of
the wing section. ln 4:44 'a' a symmetrical section with its straight
datum (io camber) has the strip at 45o, but at 'b' a cambered section
requires the strip to be tilted down slightly.

Trailing edges
HerJagain, ready shaped strip may be used, with the same proviso

that the rlbs will match up to it; otherwise it may need sanding down,
when the strip might just as well have been shaped by the builder in the
first place.

tf ihe ribs are let into notches in the trailing edge, they form a
stronger joint and are held accurately upright and correctly spaced.
nemember that the ribs have to be measured back into the notch, not
just to the front of the trailing edge strip as explailed i1 a:a5 Partly
iapered trailing edge strip with notched ribs as seen in 4:46 carries with
it the chance that the covering will not be even.

WM , / {

ffi
sondoff 

ft f3

Meosure rib to end of notch,
nol to troiling edge foce

Sond off

Ribs notched over troil ing edge
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Light rigid trailing edges can be built up from thin sheet, using the
ribs as angular spacers, and webs to stiffen the forward edges, as in
4:47. The lower strip is usually chamfered to form a seat for the upper
one. This is best done along the edge of the bench or suitable straight
edgrcdbase; with the aid ofa sandingrbfock. A line canbe markedto
indicate the limit of the chamfer as in 4:48. Do not use heavy pressure
or the strip may curl up; Should this happen, turn it over and stroke it
firmly with a plain block of wood to restore it.

Rib spacing should not be more than a couple of inches apart on, say
a 6in. wing chord, particularly if the surface is intended to be well
cambered. 4:49 shows how tissue, film or fabric covering shrinks down
to form a series of flats, so spoiling the correct aerofoil section.

Small ribs known as riblets can be introduced between the main ri,bs
at the leading edge to support the covering as shown in 4:50, which
also indicates the normal sequence of assembly of an open frame wing.

Covering sag causes the aerofoil section to change to a smooth but
thinner form, when the wing is as sectioned in 4:51 (our old fr iend the
single central spar type).

Noich ribr for troiling

Cmple ted  sec t ion

lvlork chomfer l ine

Tro i  l ing
edge strip Sonding block

Cover ing
so9

4:8
Work bcord

Chomfered lower

troil ing edge strip

Add ribs
ond r ib leh

lriLtii'
$rIl+

lr{i:
ii,$ii,
liiir
i,*i;,

Upper troiling edge strip

il9

SECTION
Lmding edge

45



I Leoding edge
Lwer leoding
edge sheel

1 1r"., Jop sttipt

1  T ro ; l i ng

4:53 
edse

Leoding edge sheet

- - Trim lo fit loding edge strip

A- l,- Lwer lJain-g eage sr,eet

Seilotope hol& Pocking down 4:54
ond prevents glue fixing it to

the leoding edge or rheet Afternofive chomfer under ioP slriP 7 
'

6:5;:"|*ir"'
7 Upp", cop srrips

Cop str ip Lower  f  ro i  l i ng
edge

\
t
I

Gap strips
Ribs may be made more rigid by the addition of strips of balsa along

top and bottom edges as seen in 4:52. The strips bend smoothly over
the gentle curyes of the rib and provide more surface for the
attachment of the covering material. Each rib becomes an 'l ' beam and
the covering is lifted clear of supplementary spars. Sketch 4:53 shows
the order of assembly and identification of the various parts of this
typical sports model wing. lt has been given a sheet covered leading
edge part, which converts the whole of the wing forward of the spars
into a rigid 'D' shaped box. The sheet also supports the covering and
affords a smooth accurate aerofoil section where it is important to have
a 'clean' airflow.

Now, a tip for building on the lower sheet when it sweeps up to meet
the feading edge . . . Try the method in 4:54, which is useful where the
lower leading edge sheet butts up to the leading edge strip. Glue will
probably run out of the joint and leave gaps so a strip of Sellotape
restrains it and keeps it off the packing, to which it might adhere.

However, if the leading edge is laid on top of the sheet, which is cut

46

$ Webs (verticol groin)



oversaze , the job is a little easier during the gluing stage. Refer back to
chapter 2 tor sheet to leading edge joints.

The order of assembly inevitably brings a dist inct ly 'hedgehog'

appearance, as the necessary pins are used to hold things while the I
gtussets. 4:55 may tretp irrdeciding wtTich pins go-nTo the building i
board and which into adjacent components. Never pin close to an
edge; i f  the pin is to pass through the wood . .  .  a spl i t  wi l l  result .  Pins
can be used to press against the edges of parts, as in the fixing of cap
strips, for example.

Always withdraw pins, which go through a glue joint itself, before the
glue has hardened. lf they are there just longer than the time it takes for
the joint to remain undisturbed without parting it is long enough. lf they
are left in too long, they will stick and may break the wood surrounding
them as they are withdrawn. Stubborn ones may respond to twisting
axially with pliers, but if they are glass headed, grip the shaft, not the
head!

Spar webs may be sprung into place by arching them gently, so as
not to wipe the glue off  their ends (4:56).

Tapered wings
The ribs have to be progressively smaller to match the taper and if a'sandwich' block method of rib production is used, (chapter 2) they

must be equally spaced. Sketch 4:57 explains.

Pins  ho ld ing
pock ing

Pins  to  ho ld  sheet

ond  L .  E ,

Angled  p ins  ro  ho id

en& of cop strips

P ins  in to  bord

bend webs to insert
w i thou l  smor ing
of f  g lue

Al l  r ibs  equo l  spoced l f  r ib  i s  incor rec t ly  spoced
i i  w i l l  n o t  f i t

Intemediote ribs Produced by sonding o blonk

between two odiocenl moin ribs
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Suppose the wing panel is longer than a standard length of balsa . . .
The inevitable joints in leading, trai l ing edges and spars need to be
staggered and as near the wingtip ends as possible. This is to avoid the
highly stressed inboard areas. Make sure that two splice joints do not
coincide on the spars, all as shorivn in 4:58.

The methods of forming splice joints is seen in 4:59. This 'V'

requires that the knife cuts are vertical and matching. Using one piece
to act as a guide helps here. Remember to allow slightly more length
than the joint occupies, so that any corrective trimming and fitting stil l
leaves adequate length for the job. Never use a plain butt joint on spars,
unless there are other forms of local reinforcement. A simple single
splice may be made where there is less strain on the joint. This appears
in 4:60. The flatter the angle of splice, the stronger it will be, so as a
guide length should be at least twice the width. One accurate sawcut
will automatically align both meeting faces when one strip is turned
round to form the joint. The strips have to be rectangular or square in
section and the cut vertical.

Pre-shaped trailing edge strips need to be turned so that both their
forward faces are vertical before making a single vertical sawcut as in

Leoding ecige splice
Upper  spor  sp  I  i ce

Lower spor splice

Stondord  s t r ip  length
I Tro i l ing  edge sp l i ce

Ver t i co l  cu t

Cuts  shou ld  motch

Use cut edges
os  gu ide

4:60

l\'
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Ver t i co l  io in t  foces

[ rc i l ing  edge shoped s t r ips

'/-)

Mork lower strip

4:61. Fai lure to do this wi l l  result  in the meeting faces being out of
vert ical and not matching when the str ips are raid f lat again.

Tip tips

.Th_e extra span can be the excuse for changing the shape of the wing
planform at the tips, so trailing edge strip becomes angled to reduc6
the chord. To make this joint lay the second strip under th]e first and use
it as a guide to cut a chamfer in the new piece, then when joined and
set, trim off the excess of the first strip - see sketch 4:62.

Tips do not have to be elaborate to be attractive. Choose the angle to
please the eye, within the practical necessity of having the intended
wing.area and tip chord. Just one angled trailing edge stiip and a sheet
panel at the extreme tip as shown in sketch 4:63 will do nicely. On small
models few ribs will need to be trimmed or special ones cui. A gusset
supports the top panel and unless there is a deeply undercamibered
Iing section, it works for a variety of models. A good version for flat
bottomed or symmetrical wings, this.

Sketch 4:64 shows a more subtle version with several strips forming
the tip outline. Trim back to the required outline edge after assembly-.



Sond ofier ossembly

,m
SECTION A-A
SECTION B-B

MTips lominoted oround cord
forme or row of pins
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Lightweight models can be given laminated strip tips as shown in
4:65. The section of each strip will depend on the type of model i.e. a
fight rubber powered model could have l/szin. x l/sin. deep strips,
whereas a radio controlled or control l ine model with a chord of over
8in. might need 1/tain. x 3/ein. Note how the tip laminations are blended
into the trailing edge. lt avoids too sharp a radius near the end of the
laminations. Put those strips together one at a time. Another tip is to
make a double depth tip and carefully divide it down the centre with a
razor saw to make a pair.

Parallel chord or tapered wings can be given a simple shaped tip
made from sheet, suitably gusseted as in 4:66. Those gussets may be
cut back to just clear the covering line, which gives a smooth finish.

lf the wing is chamfered at the tip, it will form a curved wingtip . . . a
product of the aerofoil section exaggerated as in 4:68. Run the spars
and leading edge sheet past the intended tip line and sand it at the
required angle, face it with sheet and trim . . . Result, a simple, attractive
and practical wingtip as seen in 4:69.

Many duration (free-flight or radio control) models have polyhedral
wings to aid stability; such a wing is shown in 4:70. The angles of each
panel will vary from model to model depending on its type, low angles
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4:7O

Tip  r ibs  hove

nolches furlher

foryord or off

o f  mo in  pone l

PLAN

for radio control, steep for free flight, steeper stil l
where efficiency is not the prime motive, but
desirable.

Spars can be overlapped at the joint to form a sound ioint without
further reinforcement. This means that the rib or ribs at the joint need
wide slots to take the spar joint and those ribs outboard have to be
notched to suit the tip spar, rather then the inner panel spar. Sketches
4;71 and 4:72 show this detai l .

Tailplanes and fins
The average model can manage with a tail surface section which is

often less carefully contrived than the wing. In the past the tail area was
much larger than nowadays ( in relat ion to a given wing area). Then one
had to use an efficient lifting section . . . often to the detriment of the
model if it became more efficient than the wing and put the nose down
'for keeps'!

Sketch 4:73 shows how to make a simple bui l t-up tai l  ( tai lplane or f in)
.  .  .  Be sure to use f i rm packing under the already shaped r ibs when
LIGHTLY sanding the other side. A flat strip framework can have
external spars which give it a rough approximation of a bi-convex
section. You can use it on control l ine wings too. lt appears in 4:74.

PLAN

)

SECTION

for sport free flight,
ease of handl ing - is

Doble width notched rib

Spors overlopped ond glued-27-

Use lorge sonding blck
to spon severol ribs Turn over onto pocking

ond sond oppoite edges

F lo t  s t r ip  s t ruc lu re
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4:75 SECTION
:

4:76

4:77
Wide bose slriP

to oid coveri

Leoding edge ond / or

Troil ing edge extend

inlo fuseloge

For something lighter; stripwood flat plate tails are satisfactory, but
take care in covering them, they are prone to warps. Diagonal bracing
makes them more rigid. Cutting those strips accurately can be a chore,
but a tiny portable chopping board can be helpful. Lay the knife in the
strip where it crosses the intended joint and transfer it to be cut as seen
in 4:75, along with ggneral t ips on assembly.

Deep'rib'or diagonal str ips can be used, having propped up leading
and trailing edges to make a framework as in 4:76, then sanded down
fore and aft to make a smooth aerofoil. Always use a sanding block that
spans three or four rib bays, which enables the ribs to be shaped
evenly. Spars provide a guide when sanding, but avoid thinning them
in the process.

Small, light models can have open frame fins of very simple shape,
but they are generally fixed permanently to the fuselage, for consistent
flight performance.

This means that a deep base strip is desirable to aid the covering
process. The fin can derive support from the fuselage by running its
leading and trailing edges down to meet the bottom or a suitable

. former as seen in 4:77. Where fins have to be fixed to the tailplane, the
extensions of L.E. and T.E. can go between two ribs.

The triangular shape is twist free, but more rectangular or rhomboid
forms can be braced as in 4:78.
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CHAPTER 5

Mounting the engine
Profiles
Bolt locking
Pylons
Plate mounts
Bearers
Twins
Radial mounts
Tank installations

See also Ghapters
2,3,4and 6

.. Simplicity is the key for profile models, whether free-ftight, controt-
line or even radio control. The bearers contribute to the structure of the
fuselage and are reinforced with ply doublers as in 5:1. Normally the
.b.,e-. arerS are deep enough to accommodate the crankcase, but wherever
possible the doubler under the engine should go right across, even if it
means interposing a packing strip under the bearers.

Bolts
Slot-head bolts can be damaged to a point where it becomes difficult

to tighten or slacken them. The culprit is often the wrong sized or badly

Bolso fuseloge profi le

Hordwood beorers os
long os poasible

L ines-s ide
ful l  doubler
lmm.  p l y

Hordwood spocer

It, ,ll''
,  r  _ :

lncorrect i ip shoPe

promote  s l ip

Blode too smoll B lode ioo  th in
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ground screwdriver. 5:2 shows four of the little blighters. Please make
sure that the blade fits properly in the screw head.

Instead of relying on tightening the bolts, or where they are to be
made inaccessible within a cowling, nuts do the clamping and the bolts
are locked. Sketch 5:3 suggests hard soldering them to a brass strip.
This is fine for smaller engines, but for a more substantial job, try that
shown in 5:4, which also works with hexagonal head bolts.

Profile pod
Contiol l ine combat models may have no more than a couple of

bearers sticking out of the wing. By opting for a pre-assembled bearer/
doubler/f i l ler unit ,  the engine should be more r igidly secured and as a
result, run better. Such a unit is shown in 5:5 and would be epoxied to

Bross or t inplote

dr i l led  fo r  bo l ts

Bo l t  hock  so ldered

l / 1 6 " m i n
I

Cut  ou t  cen t re  to  f i l
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o n d  d r i l l i n g

T. E.  copping

Bolso frome

5:7
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E. E shoPe toP ond botlm
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5:9 Vertico I formerYvoshers on rsr bolts
under engine lugs

5:10
Ro ise  barer  un i t  lo  b r ing
end of cronkshofi lo
correct pcil ion --j

Coot ive  nu t  s

5:1 1

Extro triongulor striP

i f  spoce permi ls

5:13

Plo te  moy be  '

token to edge'
o f  cowl ing

Engine bulkheod(f irewo I l)

frm good quolity plywood

Hordrryood berer

Metol doubler

thick centre rib and short section of leading edge sheet or gussets. This
example shows captive nuts (sometimes cal led 'bt ind'nui i l .They bite
into the wood and can be additionally secured with epoxy.

Make sure that the bolts are greased so that any epoxy cieeping onto
the threads does not lock them. lf they are then t6 ub locked, o"-jr"rr"
them and use thread locking compound. sketch b:6 shows htw to
recess the captive nuts.

Pylons
Power assisted gliders sometimes have a smail engine mounted

above the wing on a pylon. There are commerciaf pyfoni and bind-on
metal ones, but two wood designs are shown ih-b:7 and 5:g. The
former is for beam mount engines and the latter for radial mount types.
Both key into the wing or fuselage former.

Radial mounts
commercial radial mounts are available in many sizes for beam

mount engines. They can be bolted to a thick ply former or ,firewall,
with captive nuts. Downthrust can be incorporiteO by fitting washers
under the rear lug of the engine (5:9) but a better meihod ijto mount
the radial mount on .a wedge shaped hardwood plate, or angle the
firewall itself. Remember to raise the mount to keepthe engin" Jhaft in
l ine with the spinner posit ion (5:10).

Cmrnerciol motor mounl

Plenty of depth here

lo mointoin strengih

Motor plcte frm

Tufno l  s  o lumin ium

Recss  cu l  lo  c lmr
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Ply brockets glued

- , ond screwed
5:15

5:17

Hordwood bmren

Hordwood uprights
glued ond screwed

to firewoll

5:16

5:181
notched ond glued

into firewoll

Cowl s ide blocks Thick dogblers

There is a powerful twisting force at the firewall due to the overhang
of a radial mount, so add reinforcement where the firewall meets the
fuselage as in 5:11. One or both side sheets can be extended to form
cowf sides and there is plenty of room for a fuel tank.

Bearer plates
Where the fuselage is wide enough, the engine may be bolted to a

flat plate of Paxolin, Tufnol (which is stronger) or aluminium. In a
mishap, this plate breaks, thus saving damage to the engine and
(hopefully) fuselage. Different size engines may be substituted and
sidethrust can be altered by using different plates, see 5:12.

The plate can follow the fuselage sides as in 5:13, but may need a
metal doubler strip should it have to be notched deeply around a rear
positioned carburettor (5: 1 41.

lf bearers have to be short, add ply gussets as in 5:15. Hardwood
strips on the firewall offer gluing area and take woodscrews to make
those brackets really secure. on small models, such brackets can be
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Gloss f  ib re  re in fo rcmen l

P ly  dob led  r ibs

o n k  I
f l oor

P ly  doub lers
bock to spor

Noce l le  s ides .u
Eng ine  morn l
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to support cui leoding edge

5:23 S h e e l  c o v e r  w  i n g  i n  o r e o  o f  n o c e l l e s

o n d  i n b m r d  t o  g i v e  r i g i d i t y

notched into the firewall as shown in 5:16. Wide bearers can be glued
to the fuselage sides or their doublers as seen in 5:17. The front ends
can be shapJd to meet the cowl front or spinner and offer support for
the cowl side blocks. lnset bearers need a second former aft and derive
support at the front via fi l ler blocks in the extended sides of the
fuselage (5:18). lf the bearers taper off, they gain support from doubler/
f i l ler blocks behind the f i rewall  as wel l ,  as 5:19.

Provided there is adequate space to install and service the engine,
the fuselage sides may extend well forward as part of the cowling and
to support tne bearers. While discussing accessibility, remember that
the engine need not be upright, side mounted or inverted . . . Angle it
just enbugh to allow the silencer to clear the side as in sketch 5:20.
hadial molrnts permit this angle to be adjusted if the engine is changed.

Glassfibre bonding
When bearers are bonded onto fuselage sides or doublers with

epoxy, it is a worthwhile job to lay in some glass fibre cloth with more
epoxy to gusset the joint as seen in 5:21. Remember that polyester
resin, as uied in mosi glassfibre repair kits, doeS not bond properly to
epoxy and vice versa. Either put the bearers in with polyester resin first
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or keep it all epoxy. However, if no epoxy is smeared on the exposed
surface of the bearers or firewall, the polyester resin will be unaffected
and will bond onto the wood.

Firewalls can be treated in this manner as in 5:22, very useful when
there is lack of space in the tank area.

Twins
Twin engined models may use commercial radial mounts on

firewalls spaced out on nacelles (like short fuselages), these being built
onto the wings by taking the sides back against strengthened ribs or
onto the spar system. Sketch 5:23 illustrates the general idea. Refer
back to 5:1 and 5:5 for profile nacelles on control line machines.

Hardwood bearers can tie the nacelles in to the spars as seen in 5:24
for upright or inverted engines. The nacelle sides aid rigidity and a
former fixes to the wing leading edge. The load can be spread well into
the spars, even if the bearers are arranged for side mount or upright, by
use of the detail in 5:25. This is particularfy useful if the thrust line is not
in l ine with the spars.

Tanks
Before leaving twin layouts, remember that each nacelle needs its

own tank, so make room for it. The prime features of jood tank

Hordwood bmrers

5:24 Former exiended to

spreod lood onto spors

Dwbley'pocking if
spors do oot meet toft
qnd boltm of borers

Beorer holes
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installation are (1) the fuel level when full should be fevel with the
actual spray bar hole in the carburettor for radio control or sport free
f l ight models (5:26). On control l ine models the centre of the fuel pick-
up point has to be in l ine with the carburettor,  as in S:27. (2) The tank
should be accessible for cleaning or replacement. (3) l t  should not be
loose in the model.

For radio control models, i t  wi l l  be seen that the tank bung can part ly
support the tank, and the end of the tank held in a pierced foimer (b:29i.
More accessible is the bay in s:29, where a removable l id clamps the
tank onto saddles. Si l icone rubber caulking around the pipes where
the_y emerge through the firewall stops fuel seepage.

Some round tanks tend to rotate with engine vi-bration, kinking the
!r?gg in the process, so bind them to a ply plate roose in the tanlibay,
held by the l id as seen in 5:30. Rectangular tanks are avai lable for radio
control with the same 'clunk' act ion, and some have angled bungs
yrhich permit better access when installing in a bay with Jtop hatcl.
facli_ng can be added below tanks to bring them to the correct level,
but if the floor of a tank bay is too high, the tank cannot be lowered
suff ic ient ly by taking out packing, see 5:31.

Gontrol line tank mounts
A profile model can have its tank strapped to the side with a piece of

nylon tube heated to bend and secured with setf tap screws as in sketch
5:32. Those tanks with their own lugs benefit from an extra layer of
metal to reinforce lhe lugs and resist the load on the tank sealing solder
joints, see 5:33, which il lustrates a 'chicken hopper'type of tanli. These
methods of mounting can be used, where the tank position allows, on
an internal installation. The bolts or screws pass through the fuselage
side and doubler.

Gop fo r  t igh ten ing
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CHAPTER 6

Better fuselages
lmproved box fuselage
Shaped decking
Doublers
Gurued skins
Stringers
Planking
Rolled construstion

See also Ghapters
4,5,7,8 and 20

Basic boxlike fuselages can be dressed up by changing the shape of
the outline and/or fittings, adding cowlings and canopy of attractive
shape and even modifying the colour scheme. Compare the plain'plane in 6:1 with that in 6:2; the basic box has not been changed.

Gomposite box
Now let's try mixed construction: ply at the front where it takes the

rough handling and balsa aft where it  has to be l ight (6:3). The joint

6:2 
Chonsed fin shope

Conopy odded

Cowling odded

Foiringo or &mmy door

6:4

e1

Doubler with groin lengthwise
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between the balsa and ply needs a reinforcing
but small models can be strong enough with
joint as in 6:4.

piece behind as shown,
a careful ly made spl ice

Strengfttrwhere it isteeffi
Although the more basic fuselage needs reinforcement as earl ier

noted, changing the shape may bring with i t  the need to pay special
attention to local areas. 6:5 for example indicates that because there is
a shaped top 'decking', balsa top parts are added to the strong main
formers and along the rear fuselage to preserve the shape - these are'secondary formers'.

Doublers
lf the basic fuselage is cut to accommodate the wing, or becomes thin

where there is an area of stress, 'doublers' are needed on the inside. 6:6
gives a general idea but each fuselage will have its own requirements,
for example that rear doubler could be balsa and the front one %oin.
ply' Balsa may be used on light models as in 6:7 with vertical grain to
resist side splits,_or diagonal as in 6:8 for more lengthwise strength.
Contact glue is often used for fixing ply doublers, so either hinge one
edge with tape (6:9) or use pins (6:10) to ensure that the doublei st icks
in the right place . . . . You only get one chance with traditional contact

Lod bmring fomer
Il Secondory fomers @t

fhin ply doubler inside
Bolso doubler lnside

6:7

Verticol groin bolso doubler

6:9

Pins to guide dobler

Sellotope hinge



ExternoI doubler

Fo i r ing  f i l l e l

6:16

Thin edge striP Triongulor striP

glue so do it right. Another idea is to slip a pi9-c9 of paper be-tween the
gir"O surfaceiwhen ready to contact, then slide it out carefully.- 

Sorn" models have a thin ply doubler outside, leaving a step in the
surface - fair this in to avoid a sudden ridge in the covering, just in the
ionj"rons of open frame structures as in 6:11 or by a full depth (or

wiOttr) strip on sheeted fuselages (6:12).

Beefed up box
Conteni with plain rectangular tubes? See how to improve the

strength and appearance of those in chapter 2. The glue joint between
iop.iO sides *ltO part, so a square or rectangular strip of balsa can be
rdd"O to extend the gluing area (6:13). Because they need not be
classed as 'longeronsT the! can be as small as Tezin' square and
rlOirr-soft. Aliernatively, ihe side sheet can be thin and a structure
.OO"O to the inside face io make a strong panel which will hold its
rtr.p" while making the fuselage proper - -s.ee 6:14. The result is much
ligti"r than thick s6eet on its own and well worth the extra trouble.

Rounding the corners
lf trianlular corner strips are added, the corners can be sanded down

to meet ihem as seen in 6:15. This has the advantage of reducing the
.tran."r of splitting near the 'corner', because the wood is nearly the
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St i f fener  s t r ips
rec longu lor  lo

sove we igh t

6:2O

Curved sheet
over lopped

I 6:24

Thick  s ide  chomfered

6:22 lt

same thickness r ight round the joint.  The tr iangular str ip can also be
added to a thin braced sheet, provided the lengthwise strips are thin
(6 :16) .

Lightness
Those reinforcing pieces can be even thinner in lighter models as

seen in 6:17, and supplemented with diagonal bracing on thin sheet as
in  6 :18.

Ghunky corners
By contrast, soft thick sides teamed with thin top or bottom can be

nicely rounded even with a ply doubler (6:19) provided the transition
between the sheet is not sudden. In any case, all corners should be
initially sharp to ensure accuracy, even if a fair amount of sheet is
sanded away.

A large section corner strip or triangle section is needed for large
radius corners shown in 6:20; alternatively, weight can be saved by
making that soft side from stepped pieces of thinner sheet. Sketch 6:21
shows this variation.

Raised decking
Thin curved sheet can be supported on formers to shape the top, but

be careful that the ioint to the side panel is sound. lt will be weak if
made as per 6:22. Better allow a nice chamfer to provide gluing area,
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then sand off as seen in 6:23. lt is easier to make the formers as in 6:24
for this detail.

Perhaps the structure does not lend itself to the foregoing.details?
Makes sure that the joint is pinned wel l  whi le the glue dries: a block and

tape also helps as in 6:25. Won't the sheet bend sharply enough? Use

two thin sheets which will bend easily as in 6:26.
ls it enough to have a simple triangular top decking to the fuselage?

You can ptiy tfris trick on an existing Uox shape. Retain the top sheet

and add a vertical web and gussets as in 6:21, which shows both fabric

or sheet covering. A new box fuselage needs that top sheet first'

Stringered top
ffrG is a variation on the last idea. The strong box with a sheet top

has light formers and stringers added as in 6:28 for a fabric decking.

Gurved sides
Ouite thin side sheet can be given extra rigidity for no weight penalty

if it is curved in cross section - try it out now with a piece of paper, as

sketch 6:29. Yes, the fuselage has to taper straight from the firewall aft,

or, if bent to taper aft of. the wing in conventional manner, has a short
uncurved area at 'b'. A iormer and small doubler is needed here.

Thin  sheet  deck ing
bent over

6:25

6:26
Two ihin sheets bent

over formers

St r ingers  se t  ho l f

inlo formers

) ct,I

Former ot top only

6:28

Top of box fuseloge

Sect ion  f lo i  here
to  bend in  P lon

Al te rno l i ve  shee l

cover ing
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Curved sub formers

Se l f  odhes ive
poper or fope

Wide cop strip ol
sk in  io inh

6:31

Sub cop strip
(9roin ocross)

----- .-.--

i iZ ruS Tomerto
lo occmmodote cop gtriP

Groin ocross
fuseloge

where more strength is needed or very thin sheet is used, try detail
6:30. Take a basic open frame structure and add curved sub formers,
then sheet in sections to accommodate a lengthwise curye, or
semblance thereof. Where end-to-end sheet joints occur, skim down
the former and add a sheet doubler with grain across its width so that it
forms a cap strip.

Notes on formers
Now that formers which are more complex in shape are called for,

the following tips may be found helpful. Strips of sticky paper or tape
may be laid across both sides of the sheet from which formers are to be
cut, so that the cuts across the grain do not weaken them (6:31) or if
doublers are to be used, they can be fixed before cutting out the former
(6:32).

The size and position of the doublers, which give great strength to
quite thin formers, may be judged from 6:33 where most strength
comes from the sides of the fuselage, 6:34 where the top aids the sides
in the job, and in 6:35 where the centre cut-out would otherwise
weaken the sides near the top. In fact, any former which is particularly
thin in its cross-grain regions benefits from a doubler strip, which
carries the grainwise strength across the short grain areas.

c
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Div id ing  wood

I
I-t--
I

Use centre l ines to locole

second loyer of strips

6:36

I
6:37

Ling.r-, 
Wider stringers ot cenlre

form sme

"str i ngers"

e39 6:40
Pocking blocks moy be used

To ensure that the grain really follows the edge of a former, it may be
bui l t  up from several laminations as in 6:36, which is f ine for circular or
elliptical cross-section fuselages.

Fiddly formers
Who has not had the tail end former break up because stringer

notches are close together? The answer lies in the details in 6:37 group.
The alternate stringers reinforce the former, then when the glue is dry,
chop out the remaining notches for the rest of the stringers.

Suppose a former has to be made in plywood . . . what a fiddly job
fretting those little notches! Drill holes instead at each notch position,
before cutting out the former outline, as in 6:38 group, and tidy it up
with a file against old pliers.

Stringered sides
A box structure can have several strips placed lengthwise to form a

curve as in 6:39. The box corners or longerons form four'stringers' and
the rest are graduated in width. A proper stringered finish to a plain box
frame needs sub formers as in 6:40 but provided the formers are close
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Sheet  c ru tch

Slock of formers

St r inger

6:45

together and good joints are made, they need not all be notched. In any
case notches must not be as deep as the stringers, so that the fabric
does not touch the former edge.

All-strin gered fuselages
A relatively complex job, this . . . so try making the fuselage in two

halves {port and starboard) over a crutch laid on the plan as seen in
6:41. Turn it over when most of the stringers are in place and support
this half  on packing pieces so that the remaining half  formers and
str ingers can be bui l t  on as in 6:42. There may be a tendency forthe
half fuselage to spring up at the ends, so pin or tape that crutch down
well, before the second stage.

Spacing stringers
In order to get each stringer evenly spaced from its fellows on every

former, mark the edge of each former by first laying them over each
other as in 6:43 and rul ing radiat ing l ines over the stack. l f  you have
forgotten to do this, take a strip of paper and wind it round the
offending former, fold it into as many pleats as there are stringers - do
it evenly - then stretch it round the former again to mark at each crease
l6:Ml.

Notched stringers

, I Former for skin

i l l l_
; I 

Nolched doubler former
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Stringers to sheet
This junction needs a notched sub-former to carnT the stringers and a

full one for the sheet as in 6:45, or the stringers can be notched for the
sheet, but put them in first as on 6:46 or the glue will block the notches.

The stringers may even be notched into the sheet and former if you
have the patience (or forgot about it!). A nice detail is the scolloped
fillets between stringers where they meet the sheeted area. Often
uneven and il l-fitting when done in an unplanned way, these fiddly
shaped pieces can be formed in pairs by punching holes with an X-Acto
punch or piece of sharpened metal tube. Sketch 6:48 shows how and
6:49 where.

Planking
The mysteries of planking reveal themselves as you work - it is

mainly practice, although there are several basic rules. Rule 1 is to have
the formers close enough together to support the planks, thus avoiding
a 'starved horse' appearance - say 31/z-4in. max. Rule 2 is to shape the
planks for perfect results. Sketch 6:50 helps here. Treat those formers
like sketch 6:43, but in this case the widths are transferred to the

6:47

Spocer to stop tanplote
conting ot sheet edge

6:51
".V" gopt

(weok)

Slringers sel into noiches

cu l  in  s i tu  in  sk in

l _ ' t

1-
t 6:49

Cut  in  ho l f  to  moke

Widths tronsferred to olonks ot former stotions

GlosspoPer griP

t 6:s2

two f  i l le ts
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stringer strip, From this information a ply cutting guide can be made
and used as in 6:51. Note that spacing piece of balsa to prevent the
guide t i l t ing as the edge of the sheet is approached.

Thick planks on small radius leave ugly'V' joints and offer poor edge-
lg:gdge glq'ng alga: lqt[,q Qa!9, { Wqqld tretpj tl1q p]enks were
chbmfered, as competed ''n 6:52. The plankC maiUe cut Uiuiing the
cutt ing guide (or steel rule) and knife but angle the blade as in 6153.

Parallel planks may also be used and if they need to be chamfered, a
baf sa stripper can be used as in 6:54; just prop up the sheet from which
the planks are to be cut and allow the stripper to cant over onto the
cutting board. Turn the sheet over to get the taper in the correct relation
to the one just cut.  (6:55)

How do the paral lel  planks f i t? sketch 6:56 shows this ' tazy pranking'
system. Groups of planks are laid edge-to-edge and natural ly enough
touch at the ends but not at the middle. By following the order shown
cut-down planks gradual ly f i l l  these gaps.

In order to mark the shape to be fol lowed when tr imming those later
planks, try the method in 6:57. For it to work effectively, the untrimmed
edge of the new plank should be parallel to the adjacent fitted plank,
then when the opposite edge is trimmed, it should fit. Try cutting
overlength until practised in this method.

Use sandable glue - some woodworking P.V.A. type glues go
rubbery when sanded. This ruins the effect of planking or indeed any

P l o n k  w i d r h
p lus  l /8 "

F i l le r  p lonk  poro l le l  l /8 "
f rm los t  p lonk  p inned dry

Penc i l  s tub

6:57

a

Fino l  f i l l e r  s t r iPs

in losi gops

s  t r immed

Chomfered cut

Cut t ing  bord
P o p e r  c l i p  w i r e

f i l l e r  p l o n k

Glue bo t t le  spout

Poper  c l ip  w i re  g r ide

Even run  o f  g lue

-'{
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Poro l le l  o r  s t ro igh l  toper

s ides  ou l led  in  o l  ends

Thick sheet t 'ose

F lo t  s ide  or rc

Lominoted  curved bose
Botfm (bose)

Cu l  o t  fo r  cockp i l  o r  w ing
Shoped block

for slrength

Q lue  one edge f i rs t ,
Th ick  conopy moter io l  ro l l  when dry

P l y  r o l l e d  f u s e l o g e

Th ick  sheet  bo t tm
Bondoge ond P.V.A.  g lue

re in fo rcement  fg r  smol l  mode ls

surface joint. To get just the right amount of glue right on the very edge
of the plank can be rather tiresome, so try the gadget in sketch 6:58,
which guides the spout of the glue bott le as seen in 6:59.

Rolled fuselages
Effective fuselages or tail-booms may be formed by bending thin

balsa sheet or thin plywood over formers to make a tube-like structure
when glued to a flat sheet bottom. Detail 6:60 shows it in a simple form,
and 6:61 indicates that the bottom may be shaped to give a curved
bottom planform to the sides. The top has to be straight, of course, but
that bottom can curye upwards as wellwhen laminated as in 6:62. Trim
off the surplus side parts when the glue is set.

Ghanging the top
lmagine a fuselage with a lowered decking forward of the wing . . .

Easy; sketch 6:63 shows how a lengthwise slit is made at the front and
the edges overlapped to lower the line. Cut formers to fit afterwards.

The method of rolling that ply is seen in 6:64, but remember to allow
about 1/ain. overlap at the bottom edge and allow one edge to dry
before rolling. 1/szin. ply is quite thick enough; use 7oain. ply for small
models.
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Cuto t  fo r  cockp i t
\

Stroight topers r

Wing rlor fill/er
6:67 Doubtero iro;d'J lor reinforcement

Sp ine  s t r ip  dmn
cent re  o f  p ly  sheet

Rolled bolso sheer

6:70
Medicol bondoge

rolled vrith sheet

6:68 6:72
Cont ro l  cob les

Keeping the strength up
A dual curvature in the fuselage is not possible, but the nearest thing

to it will be seen in 6:65. Do not neglect to reinforce the area near the
wing and cockpit, where the section changes and loses some rigidity.

A variat ion on the rol led ply fuselage theme can be seen in 6:6G.
Here, the bottom is rounded and the top edges clamped together over a
narrow strip. lt makes a much thinner fuselage and lends itself well to
the up-to-date hump-back profile. lt too can be tapered fore and aft as in
6:67, but additional part-rolled doubler pieces of ply are vital where a
cut-out is made in the curved bottom area, say for the wing. External
fil lets will also stiffen the edge of the hole.

Thin straight grained balsa sheet can be rolled over a well-waxed
tapered forme (such as an old bill iard cue). lf the sheet has to be
damped to aid bending, as seen in sketch 6:68, watch it while it dries,
and gradually slide it off as it shrinks back to size, or it may bind on or
split. Several layers of thin sheet are better than one thick layer, as in
6:69. Tissue or bandage may be laminated in (6:70) to resist splitting
for little weight penalty.

lf formers are to be inserted to reinforce the tube at stress points, use
a small-bore core tube as a permanent j ig as in 6:71 or ut i l ise control
cabfe tubes as in 6:72.

Mosking tope binding
stuck to itself



Gowlings
Slot-props
Ducted fans
Silencing See also Ghapter 6

Cowlings, i f  l i t t le else, may need the hol lowing of laminated balsa
blocks in their construction. Sketch 7:1 shows how pieces, fretsawn
from larger laminations, can be used up for the smallest ones. l t  also
indicates the preferred direction of carving, once the laminations are
glued up.

Such a technique might be used for a fixed lower cowl, which
supports the bearers, as seen in7z2. The upper part is removed to gain

Outer  lominot ion  f rom cent re

CHAPTER 7

Around the engine

Block bols removoble
top cowling

Removoble cowl ing

Corve inside towor&
cdnt re

Coo l ing  o i r  ex i t
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Lominoted  bo lso  r ing

access to the engine, which in this case would be upright.  l f  the engine
is side mounted, cheek cowlings may be made, ei ther from sol id block,
or from block at the front and curved sheet aft (7:3).

Up, down, or sideways, the radial cowl has no restriction on the
englle-Alront ring from-4 ounorertriprof balsa can be made up on a
ply r ing and sanded to section as in 7:4. The sides are rol led ply
(disguise the joint below), with a further r ing at the rear, or al loy
brackets to mount it. Sketch 7:5 shows a composite cowl for an
inverted {or upright} engine. This type would do for control l ine models,
but could be modif ied for sport or radio control machines. Those single
curvature sides can be 1Azin. ply.

7:6 shows how to blend a square fuselage into a spinner, by adding
thick doublers and tr iangular str ip. Note that the rear ends of these
added pieces are tapered off to make room for the engine and its
bearers or mount. A hole would be cut to clear the cyl inder and i t  could
be slit lengthwise for access. Always face the meeting edges of such
components with l/szin. or I/aain. ply, because there is much vibration to
cause wear and consequent fuel seepage.T:7 shows the construction
for an al l-balsa version of that in 7:5.

Pon or block port
of fuseloge

Cent re  lominot ion
Bottm

Plonked too or block

P ly  foc ing



L
i l -
: l

I
- i

I  i - ' lv

7:8

Piono w i re  c l iP

engoges in engine

bockplote recess
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Engine

When a cylinder of a model engine proiects from the cowling or
fuselage it may be an eyesore in an otherwise streamlined form. What,
however, should be done with the cylinder in sport models of free-
lance design? Sketch 7:8 shows one idea employed in a pseudo World
War I machine. Most of the engine is expressed as part of a dummy
exposed one. A box-like (sheet) 'three cylinder' block follows on behind
it. if required, the back and front ends can be left open to allow for extra
engine cooling. One of the author's models employed beer bottle caps
as dummy cylinder heads.

Keeping it in place
The removable parts of a cowling should be easily clipped in place, in

some cases, while the engine is running, although it is a better policy to
arrange adequate access to the engine via holes. A wire clip on the
cowling can engage in the engine backplate recess as in 7:9, or dress
snaps can be set in f fush as in 7:10. To al ign the snaps, f ix the male half
first, then press the cowl down to leave an imprint of the pip, to locate
the centre of the other half. Ply facings will not dent easily, so put a
smear of Plasticene on the surface.

How about util ising ready-moulded parts for cowlings? Sketch 7:11
shows vacuum formed wingtip mouldings trimmed and prised open.

74

Dress snops flush



7:12

-

FRONT VIEW

Neck end used
os topered cowling

Bose used os cowling 
7:13

Rornded end os
rodiused cowl ing

The unoccupied cowl half  can be plain, but that which houses the
cyf inder needs to be cut for cool ing, as in 7:12, which i l lustrates a
helmet type and would also serve an inverted engine. Keep the plastic
wel l  clear of the engine to avoid heat softening i t .  Commercial bubble
cockpit canopies can also be used as the rear part of helmet or side
cowfs, with the 'hot spot' taken care of by balsa block. Fizzy drink
bottles yield several useful areas for turning into radial cowlings, as
seen in 7:13. The base, which can be careful ly detached and cut out in
the centre, makes a small-radius front type. The bottom of the bottle
itself is hemispherical and can be used for those more rounded nose
sections. The cut-away tip might even be incorporated as a spinner on
smaller models.

The neck tapers and provides a more streamlined version. What is
left can be cut to length to form a tubular section aft of a balsa/ply nose
section. The smooth plastic surface aids a good finish and extra
strength can be achieved by lining the tube with balsa or thin ply with
the major grain direction fore and aft. Many more ideas may present
themselves in a search through the kitchen store of tubs, jars and lids.

Bolm r ing

Drum frm bort le s ide
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Slot props- 
Wtiile dealing with that which encloses the engine, mention must be

made of the 'slot prop' system, where the airscrew is situated way back
down the fuselagb. ehnough the model prototypes were flying as early
as the 19b0s, onl"y r"""ntlylras the full-size aircraft world adopted them.
Sketch 7:14 expiains what happens. The maior requirements are as
follows: 1) Circular fuselage cioss section at the Ffop position, if the
piop i" to be in the main fuiselage area.2) A good wing.span if the prop

irit through it. 3) Some conueiient means of separating tle fore and
aft sectioni of the model, for starting or servicing the enging, and 4)

spring start 
"ttiin"t, 

belt and pulley starting (as in ducted fans) and
access hatches. Prop Secret, the prototype shown, uses a rolled card
iusetage about 4in. dia and a 1.8cc diesel driving a 9in. dia. prop. The
sketchihows bearers, for the benefit of the large number of modellers
who have beam mount motors - see 7;15. Dowels ioin the removable
outer wing panels and fuselage nose, but vertical metal tongues could
be used. ift" p.p has a balsi and ply drum slipped over it 17:16) and
tft" pfrn view in 7:17 shows a typici l  layout. Remember that in this

Chooe s l igh t ly  lo rger  d io  p rop

Rmovoble fuseloge front ond
lmding edge of centre section

7:14

Removoble for engine occess

7:15
Centre section ioiner dorels

{_._._
l/32"ply fronl
ond bock on bols core

r/&"ply

t ,Open windows for
Pro,p drum 

/ engine cooling

Engine beorers

Fore/of t ioining dowels

in centre seclion

{i Hond storting bY

hord short bl ow

to blode neor toP

dod cenlre
\\
\\

Wing dowels

edge Bolonce prop drum

core fu l l y
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case, it is the wings that hold the fuselage together. However, in the
pusher layout shown in sketch 7:18, the wing is clear of the prop and
the fuselage is deep enough to be joined to its tail section. lt is, in fact,
a fil led-in twin boom, arranged vertically. lf the engine can be started
without removingrtherear part then radiocontrol can be installed, with
cables to elevator and rudder running around the edges. l t  is not
outside the bounds of possibility to arrange that both cabi-es go outside
one ioint and allow hingeing of the fuselage by their flexibility. Another
method is to house two servos in the rear section and lead the wiring
across the ioint, to sockets in the front part.

Taking the engine further back gives the opportunity of installing it in
a slotted fin, perhaps less obtrusively than in a conventional pusher
layout. The tailplane can carry the rudder linkage to a forked horn to
engage in the rear part of the fin or the top of the rudder itself. Sketch
7:19 shows the general arrangement, with the engine in a thickened-
out part of the fin. The side-on view of the prop appears to fil l-in the
slot, so the system is not as obtrusive as might be imagined.

Sl im f ron t  fuse loge
Con l ro l  cob les

- _ _ _ \ \

et -??
Spr ing  s to r t  eng ines  use fu l

in  th is  opp l i co t ion

C o o l i n g

7:19

I

I

I
I
I

Thin or sheet wings

i4
t l -

ll-t

Wide oreo oround engine
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Silencer or tuned pipe poitioned for leost obstruction of duct

Suooor l
- \ -

Lorge in toke  d io .

Comme,c io l  Tonk
ducted fon unit

F o i r i n g  R o l l e d  p l y  t o i l p i p e

os short os :cole oermils
Stor l ing  ho lch

7:2O
Engine  p lo le  fc rms
wing lcngves

l/4"thick ply wing rongue/beorer

7:21 Web below

ply to

i ng  In tok

*-=--s,.ippo.r

'" 7:22

Ducted Fans
This system requires high revving engines. Most ducted fan models

today are radio controlled and need high power, so there are several
commercial ducted fan units, comprising a motor mount and short tube
which surrounds the fan and engine. l t  is this unit  that has to be
blended into the arrangement of ply tubes which form the tailpipe and
intake ducting. All other structure should be outside the duct to permit
unimpeded airflow. However, as will be seen from 7:20, the tank and
tuned pipe silencer need supports, so a reinforcing patch has to be
added to the tai lpipe. Similar ly, spacing webs can support the tank
fairing and act as flow straighteners.

In home-brew engine installations, the wing mounting tongues can
form the mount, but it is often necessary to add a web close to the
engine to damp out vibration and strengthen the duct by reinforcing
with a 'doubler ring'which is rolled from plywood. A strengthener can
be screwed to the front of the engine mount as in 7:22 and this can be
tailored to fit the engine crankshaft bearing housing, thus relieving the
strain of starting from the lugs themselves. Naturally, the size of this
alloy or hardwood block should be less than that of the fan hub. lt is
essential to fuel-proof the inside of the duct, which in some cases
becomes a main structural element. Free-lance models can have the
radio l inkages running down a dorsal or underbel ly fair ing, having the
tai lpipe as the rear fuselage alone.
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Silencing
Engine noise is a very sensitive part of public relations in the radio

control world. lt is not only the exhaust noise that annoys, but the rest
of the model vibrat ing in sympathy - see 7:23.

The engine itself p+oduees meehar+ieaLsound by+ransndsing its
movement to the airframe; the covering drums and ampli f ies the
sound. The si lencer radiates sound waves by vibrat ing; thin home-
made silencer tubes are suspect here, 'panting' with the exhaust
pulsations. Sound also comes from the carburettor (remember your car
system). Let's see how some of these sounds can be reduced . . . lf the

' engine is resiliently mounted as in7:24 the vibration is reduced by the
time it reaches the airframe. lt is important, however, to have a long
bearing surface between engine mount and engine bearers, otherwise
the engine wi l l  rock and probably vibrate more. Experlment is needed
to find the correct hardness of rubber packing. Whatever the method
chosen, be sure to avoid any direct rigid contact between the engine
mount and the bearers, or as in7:25, the engine mount and bulkhead.

Ronle frm wheels
a

724
Bol t

Metol wosher

Rubber wosher

Rubber
str ip

Air intoke noise

Beorer

Lock ing  nu t

Lock ing  nu t
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Fuseloge

Corved block

Fu l l  meto l  o r  p ly  tube

7:3O
Tuned p ipe  ond s i lencer

Acoustic foom

Acorstic fom Rodio s;ctan

It is the shape of the mounting rather than the bolts that keep it in
alignment so by gluing the rubber lamination in place in addition to the
bolts, the mount should not allow the bolts to transmit vibration to the
bearer or former.

Efficient silencers can be quite large, but even so, an improvement
should be noticed when such a silencer is enclosed within a fairing as in
7:26.

The ends have to be slightly open to allow cooling air to pass around
the silencer. Some airborne sound radiating from the silencer sides can
be absorbed by a thin (%in.l layer of fairly dense sponge foam plastic.
This will melt and give off toxic fumes if allowed to touch the hot
silencer; beware! Aim to interrupt the direct'l ine of sight' between the
1oi1e-nloducing parts and the outside world. The separate housing in
7:28 only goes part of the way.

cowlings are the most difficult to treat, but with space inside the
intake and exit slits can be screened (not blocked) with foam 17:2g1.

The'ful l  t reatment ' is seen in sketch 7:30.
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CHAPTER 8

Hatches, cockpits
Reinforcing cut-outs
Glazing
Ganopies

Large holes in the surface of a fuselage can be a source of potential
weakness, for example, an access hatch near the nose reduces the
strength across the fuselage. l f  this is on top, as in 8:1, an upwards
landing shock at the nose will cause the sides to open out. This is
explained in sketch 8:2, so a safer position for the hatch would be on
the underside as in 8:3, but in any case cross struts at the ends of the
opening need to be well fixed to the sides.

Any opening which chops through load-bearing skin or longerons
needs to have a doubler as in 8:4. Note how the ends of the doubler are
chamfered to spread the load gently.

8:1

8:3

See also Chapter 6

1-

Holch below

8:6
Doubler inside mode in

two holves to f it
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Cockpit openings can be given a second skin inside to act as doublers
(8:5) and whereuit  possible a high level ' f loor '  as in 8:6; the grain runs

across the fuselage to provide a tensile brace.
Hatches in flat- or siightly curved sheet skins can be started by

carefully making four holes with a hole punch rotated gently, saving the

waste retrieved-from the punch as in 8:7. Cut the outer edge with a

knife, then glue the waste into the hatch panel at 45'to offer end grain

to the edge.
To stop-the panel dropping in, doublers are positioned to overlap the

edge as in g:8. Wnere hatches occur on curved top de-cking or in block

ar"-rr, the edges can be faced with thin plywood for strength and

n".tn"r. (B:gi. Hatches are best located between formers and if of

rolled sheet or planked, have end formers too as in 8:10. The skin is

applied all over, then the hatch cut free, hence the spacers to allow for

the saw blade. S:11 suggests a means of making straight horizontal

final cuts to free the hatlh after cutting through skin and spacer scrap.
Ply can then be inserted and marked for tr imming as in.8:12' When

gluing these in, polythene between fuselage facing and hatch facing

Sowcuts first

8:'t 1

l ex ib le  mete l  s t r ip 8|12

8:13

l ' , lork focing PIY

Sove wosle ond

Corved block

Piece of fuieloge cut @t
becmes hotch ponel

i l y  foc ing  odded

Add dobler strips inside

Skin (rotled or Plonking)

W
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prevents accidental gluing in of the hatch (g:13).
Now let 's put some glazing in .  .  .  Suppose the cut-out is in the form

of a cabin window, as in 8;14, then the acetate glazing can be held inplace by the doublers themselves, but these are-set bick slightlylrom
: - the edge fsr neatness _

This detai l  can be modif ied to suit  open frame fuselages with inf i l l
panels as in 8:15; al lowance has been made for a thin pl-ywoodframe
to. give strength and neatness to the opening. l f  weighi sarr ing is aprime concern, balsa str ips mitred at the.otnjrs wi l l  sErve as in g:16.

Windshields
The most simple form of windshield is a curved piece of acetate or

clear ABS cut from a flat sheet to a paper pattern. Leave two or three
lugs. to  s l ip  in to  s l i ts  in  the fuse lageio i  secur i ty  as in  g :17.An edging
can.be appl ied in the form of spl i t  f last ic or rubber tube. A better tr im i i
? thin ply or aluminium l i tho plate frame carefui ly fretted out(temporarily fix the plate to plywood for a clean cut). Apply t|,e ira-es
to a fofded f lat sheet of ABS and tr im to shape (g:19).

A short cut is to take the front of a commercial bubble canopy andpaint on or apply paper frames as in g:19. why not use the resi of the

8:15

Flot sheet folded
F lo t  sheet  o rched

Leove f i x ing  togs

when cu t t ing-ou t

Poper temPlote 8:17

Th in  p l y
frome
odded

8:18"/4,i
*1 /__-

Stondord conopy

used os  w inc ish ie ld

Dummy runners
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canopy to represent a slid back canopy, on those models which have
canopies rather than'open-cockpit-and-windshield'  just described?
With cockpit detail and dummy canopy rails, this is quite convincing
and a welcome change from the plain bubble type.

Gommercial canopies
There is a wide range of ready-moulded canopies, so the average

model has no excuse to be unadorned. However, it is provident to have
a few canopies around when designing a new model so that a suitably
shaped top decking can be arrived at.

Suppose the new creation demands a different treatment. A more
rakish angle can be adopted by trimming a larger canopy at the back as
in 8:21. The sides can be pinched in as in 8;22, or the sides of a narrow
canopy spread to make it arch as in 8:23.Windscreens of cabin models
can be made more bulbous by taking two pieces from the sides of a
large bubble canopy and turning then around to fit on a central frame
18:241. The bubble type can also be cut into three sections and
condensed in length or modified with bent flat sheet, angled by making
'V' cuts and mounted on frames, all as per 8:25.

Really racy windscreens can be made by turning a bubble canopy
around and cutting it to fit, see sketch 8:26.

8:22

Squeeze side to moke sides more bulbous

re-trim bottffr edge

Ply  f romes o t  io inh

Frome o t  io in t

Stondord conopy cut

ond opened orl 8:25

bock ond trim

Spreod sides to orch conopy

Curved sections used
for windscreen porl
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Wod strip

to boord or gloss

Intemedioie strips fit
beiween moin ons

Scrop bolso web
glued to poper

Ploslicene shoped to meet edge of poper

insert into conopy

Mosking tope

Almost any screen shape can be derived from canopies by trimming
one or both ends as 8:27 shows. Dummy frames can be simulated by
cutting strips of self adhesive vinyl or masking tape with the aid of a
balsa stripper (8:28). Varnish over with fuel proofer to secure.

Fitting the canopy
It is all too easy to mis-trim the edge of the canopy, but the method in

8:29 aids the marking of the cockpit  edge on the canopy moulding. Be
sure to avoid bending the Plasticene used, during its transfer into the
untr immed canopy as in 8:30.

Now the canopy fits, it can be fixed with epoxy or contact glue to the
almost finished fuselage. Masking tape will ensure that there are no
unsightly blobs outside the edge - see 8:31 - and some guide blocks
and a masking tape hinge can help the pre-glued canopy safely into
place without smearing the adhesive around the inside surface of the
canopy - see 8:32.

Remember to f inish al l  the detai l  and paintwork in the cockpit  inter ior
before enclosing it. Check it for dust too; the canopy generally attracts
balsa dust inside due to static charges.

";-,ffiilI:lu:o--J€

R6el stripper to

/ required strip

Un-lrimmed conopy /vlork edge with
o  wox penc i l
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Plos t icene shope

8:33

Por in ploster of poris ..-..7

Glossfibre con be used I

in ploce of wox if desir

Key  hond le  w i th  tocks

Epoxy fi l led surfoce

Col lops ib le  P lug
wi lh  removob le  cen l re

bo l t  together  c leor  o f

mcu ld ing  edge

8:38

Exiro depth Sp igo t  o r  hond le

Making bubble canopies
lf you are determined to make your own canopies, or indeed any

other formed plastic sheet items like fairings, wingtips, cowlings and
blisters, the following few notes may help.

A suitably shaped item called a 'plug' is forced into a heat-softened
sheet of moulding quality clear ABS or acetate. The plastic retains the
shape on cooting. To make a plug in si tu, on the model,  study sketch
8:33. Mould Plasticene to the required shape and smooth it flush at the
edges. Add a Plasticene bead or wall as in 8:34, which is to contain the
mould material which is melted candle wax brushed on. Add more wax
and scraps of bandage to reinforce it, as in 8:35. When hard, the mould
can be taken off and the Plasticene taken out (glassfibre may be used
instead of wax). Cast the plug in plaster of paris as shown in 8:36.

A plug needs to be a l i t t le deeper than the f inished moulding, so the
edge can be bui l t  up with balsa or more plaster and tr immed f lush, as in
8:37.
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.  Bulbous plugs cannot be withdrawn from mould or moulding unless
they have a wedge down the centre like that seen in 8:38. lf the extra
depth is shal low, the canopy may not tr im properly (8:3g).

Simple mouldings (without undercuts) can be made by pushing the
plug rnlo a hqle tn a ply plale solhailUratrys Lheplaqtic she_et down
into the hole. 8:40 explains. In this example the hole in the ply, which
should be about /ain. thick, clears the plug by the thickness of the
plast ic sheet al l  round. The plast ic should be pinned or cl ipped in place
before heating in the domestic oven until really soft, but not so hot that
i t  bl isters. Wear thick gloves and quickly plunge the plug in. An
addit ional plate can be made to clamp the plast ic sheet as seen in 8:41.
This al lows the free movement needed to make an even moulding.

Vacuum forming
A professional moulding machine is not cheap, but thanks to the use

of a domestic vacuum cleaner and oven or electric fire, both in
unmodif ied form, moulding can be done with the simple box unit
shown in sketch 8:42.

Drowing pins
bu l ldog c l ips

P los t ic  sheet  heoted Press  on lo  sml ing  tube

F ix  w i th  mosk ing  1eO. ln i t io l  shop ing  Shope o f te r  suc t ion

Suct ion  box wi th  con loc t  odhs ive SECTION

C lomping  f  rome

C lomp together

Guide  p lo te  to
c l m r  p l u g  e o s i l y



Ply plote guides ABS Fi lm seol ing i ron

/ Metol plote to form flot

,  Ho ld  un t i l  coo l  
\

Hole to cleor
lomp bulb

Cut section for conopy

8:45

8:47

li:Ti;,il',''"0** 8:48

The important feature is a frame onto which the plastic is secured
with masking tape. This is placed in the oven for heating and swiftly
forced onto a rubber seal gasket on the vacuum box as 8:43.

What at first appears to be a gentle deformation of the plastic rapidly
clings closely to the plug as the air is sucked out. Small pieces of plastic
can be taped to a sheet of thick paper or card to save wastage (8:tl4).

0uickies
Shal low circular bl isters can be moulded by using an old electr ic l ight

bulb, round door knob or other smooth hemispherical i tem as a plug.
Choose a suitable tin can and ply plate to make 'astrodomes' and
similar i tems, as 8:45. A spinner may be used as a plug in similar
manner for producing, for example, the bomb aimer's canopy on a
model 'Lancaster'. The flat window section is formed later by pressing
a hot metal disc onto the moulded surface, where it will cause the
plastic to re-form in this area (8:46).

lf one is not too particular in respect of crystal clear glazing, cordial
drink bottles can be cut up and reformed, but quite a good screen can
be cut direct from a shoulder section of a tizzy drink bottle as seen in
8:47.

Little blisters can be made from whole or parts of plastic picnic
spoons or those Sml. medicine spoons - just the job for fairings over
cyl inder heads in a 'Jungmeister ' .

8:46

Cui off hondle

ond smoolh edge
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Resultont rib shope

9:1
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Pocking strip further in
ot t ip to give woshoul

Better wings and tails
Templates
Packing
Details for camber
Reinforcement
Lighter construction
Tail variations

Here are some extra details for improving those basic structures
described earlier, Templates are always useful for ensuring accurate
cutting, but a rib template can be used to cut many different sections,
as shown in 9:1. The result  of t i l t ing the template to reduce'the chord
is similar to that of trimming off the underside of a ready cut standard
rib, but the grain direction of the rib can be chosen to follow the lower
surface. Alternatively, a template intended for a flat bottom wing can be
turned over to enable symmetrical r ibs to be made as seen in 9:2.

Packing
Where washout is needed, a strip of balsa can be inserted under the

trai l ing edge whi le the wing is being assembled, or before upper

Intermediote rib

Templote reversed
for second cul

9:3
'..;:t:).i: 

i

h-kb_t .

See also Ghapters
4andtr1

Required length

Pocking extension on ribs

Slot for lower
T .  E .  sk i p

Wing ponel



sheeting is done. The further the strip goes in at the tip the greater the
washout (9:3). Some wings need extension pieces on the lower trailing
edge of each rib, or those near the tip, to jig the wing to the correct
washout angle, or merely to support i t  whi le bui lding. The example in
9:4 is intended for 'V'  type trai l ing edge str ips.

When lower cap strips are to be fitted later, the spar and ribs are
packed up so that they meet leading and trailing edges correctly as in
9:5. Where the section is undercambered, the trailing edge is often
tilted, so it too needs packing as seen in g:6, so does the lower wing
spar or spars, even if there are no lower cap strips (9:7).

Lightweight wings may have several small section spars instead of
leading edge sheeting. By staggering upper and lower spars, the rib
strength is retained as shown in sketch 9:8. Thin sections can have
large leading edge strips, shaped to form the lower curve. The trailing
edge is usually so thin that double cap strips would meet. In this case,
cap strips or no, gussets can be added at the junction of each rib and
the trai l ing edge - both these detai ls are shown at 9:9 and the general
proport ions of the gussets in sketches 9:10 and 9:11. Pay part icular
attention to the correct grain direction of the gussets, for they are to
afford support to both ribs and the trailing edge itself (often thin and
liable to ti lt with the added support).

Rib  pock ing
T i l ted  t ro i l ing  edge 9:6

Wide lmding edge

Spor pocking

Leoding edge toP sheet onlY

I
I
I

Ccp striP toP onlY
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f n sketch 9:12, we see a whole collection of useful gussets; at the tip
to resist landing knocks, around the t ip to main panel joint where
dihedral change occurs and near the centre section, to reinforce the
area where rubber bands restrain i t .  Those rubber bands can easi ly cut-
into a thin trailing edge, so let in a strip of spruce, shapedto_lhg aerofoil '
seeti6n; and m a [e d oubty su re withpi afto-v\ri re;as ir+9:13-Thin p ly can
be glued over the trai l ing edge instead, but i t  looks untidy. Note how
the-ends of the insert are chamfered off to blend the strength gradually

into the balsa, thus avoiding weak points.
9: l4showsthe staggering of wing brace str ipsforthe same reason. l f

the braces themselves are tlpered off as in 9:15, which compares both
straight and tapered types, there should be less chance of weak points

on each spar, leading and trai l ing edges.
Where notched fulfdepth spars are used, remember that the effective

depth is only that of the unnotched area, so to notch braces as in 9:16 is

unnecessary and unwise. 9:17 shows the correct method; the taper is

from the top so that the brace misses those notches and blends in
nicely.

Tip broce gussets

9:14

Tro i l ing  edge

Piono w i re  to  p revent

rubber bon& cutting in

Broces stoggereo

_4

G I

Poro l le l  b roce

Topered broce

9:15

v
9:17

Thicker  r ib  o t  t ip  d ihedro l  io in l

9:13
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l/32"ply on top ot [oint 9:19

Centre seclion sheeting top ond bottm

Frocture point

9:2O
x

Topered spor doubler

Pos i t im o f  io iner  lube i f  used

Topered sheet

9:23
Topered spors

Porollel open frome oro
Topered lmding edge sheet

Topered troil ing edge sheet 9.24
Wing sheet planforrns

A fully sheeted or stressed skin wing, or one which has a fully
sheeted centre, as seen in sketch 9:18, can benefit from thin ply with
the outer ply grain spanwise, under and over the centre joint. This can
often look neater than bandage and glue, or glassfibre to reinforce the
joint. The ply inside the joint must be in short pieces, otherwise it will
not meet the skin. ln any case, it is most useful at leading and trailing
edges only.

9:19 shows variations at the centre of a partly sheeted wing. The
sheet strengthens where there is the most stress, but has to be reduced
in area, for lightness outboard. Never stop the sheet sharply as in 9:20.
It has a potential fracture point (even if the braces or joining dowels end
nearbyl.  9:21 is good; the sheet gradual ly blends into the rest of the
wing and the dowels are staggered too.

Doubler strips on spars and spars themselves can taper (9:221. Even
unusual looking arrangements l ike the plan seen in 9:23 wi l l  provide a
good strength pattern; strong at the root, blending out to lightness at
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Plone in  ih is  d i rec t ion  to

keep wood in iension

9:27

tfe tip. A wing which is tapered will be unnecessarily heavy at the tips,
i f  the sheet areas are paral lel .  Try tapering the spars and sheet widths
as seen in 9:24.

ln discussing tapering spars and doublers, i t  is real ised that some are
spruce and need to be planed careful ly to taper them. Small  sect ion
timber needs treating gently. lf it is pressed end-on up to a bench stop
or the wall, the plane will probably buckle it. Plan e it in tension as seen
in 9:25, this way, i t  wi l l  l ie f lat whi le i t  is worked. There wi l l  be a short
part of its length unplaned, because the clamp gets in the way, so turn
the str ip around end to end and re-clamp i t  as in 9:26. The thick end can
then be reduced.

Special construstion
Contest models usually need a more technical approach to building,

for example: thin wings have to withstand high stresses wheh
launched. This tip relating to gliders shows how glassfibre strands may
be unravelled from glassfibre tape for use in spar reinforcement 19:27ll.
Glassfibre gives amazing strength to flat balsa spars and carbon fibre is
even stronger. In 9:28, it is suggested that the spars are formed actually
on the leading edge sheet, by sandwiching glass strands continuously

at

Clomp

9:26
Turn wood end to end
to  f in ish  p lon ing

Bolso spor o i& r ig id i tY

Epoxy gloss stronds
in  p loce  ond worm
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Riblets l/32" or soft l/ l6"3heel

Sofi  l / l6"sheet
l /16"x5/8":pnrce

Sioggered wonen rib belry

"squore wonen.ibss tog 
ggp

l6"spor Sheet floPs or

9:3€l

from root to tip between the skin and a thin spar, whose only purpose is
to add rigidity. Ribs are built onto the lower skin and the top skin
complete with spar added and trimrned at the leading edge. Sketch
9:29 shows how to assemble the spars.

A method used by the author for lightweight electric aerobatic R/C
models is a 'D' box leading edge from thin sheet, edge jointed to %oin.
flat spruce spars. This is the major load bearing member with a vertical
web/spar. Ribs, such as they are, comprise a lattice of l/ein. square
strips of double warren planform to make a geodetic structure of very
low weight. The whole of the trailing edge is a movable flap divided up
as f laps and ai lerons as seen in plan view 9:30 and sect ion 9:31.

Ribs have been omitted altogether in the quick-to-make structure of
9:32. Flat strips are arched over a spar or two, to meet leading edge and
lower strips joined to a small section trailing edge. The section is
maintained by the depth and position of the spar(s). Free flight and
sport R/C models have used strips of %oin. x l/ain-3/ain. and on simpler
models, have been laid straight as normal ribs, with the occasional
diagonal (warren) r ib as seen at 9:33. Such a wing rel ies on the t issue
covering for much of its rigidity and has to be of gentle camber to avoid
cracking the cap strips, which of course have nothing to cap!
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Riblets (pre-bent strip or sheet cuf to secrion)

9:34

Ribs top ond bottm

Brccing below

Al |  | / |6 "x3 / |6 's t r ip

Brocing on top

Continuing this theme further, strips of lAain. xsAoin. were persuaded
to form a light electric R/C model wing, following the crossed geodetic
bracing method, and pre-bent cap str ip r iblets at the leadi ig edge
completed a wing l ighter and more r igid than many tradit iona' l  ones.
The plan is seen at 9:34.

Orthodox geodetic wings
First some extra ribs are needed; geodetic wings have diagonal ribs

of the same depth as the normal ones - this means a bit of plotting . . .
study 9:35. Divide the normal r ib into equal stat ions and draw a l ine at
the same angle to i t  as wi l l  be taken by the geodetic r ib. This is the new
rib datum line. Produce the station lines to meet it, then on each,
perpendicular to the datum, mark off  the standard r ib depth. Simple
enough, but wait; the top spars have to be projected from datum to
datum, not to that new rib top. Return then back perpendicutar, as were
the stations. The new rib can be outlined, and the spar notches
indicated - note how extended they are.

when the ribs are assembled, alternate ribs have to be cut, or half
jointed, see 9:36. Riblets may be needed if the geodetic plan is not close
spaced.

'*;fr:'J1'J"* 9136
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Some wings have standard ribs and geodetic ones at 45" or
thereabouts. the geodetic ones may be thinner sheet, although on a
contest rubber powered model, all might be 1/szin. thick. The geodetic
ribs are usually cut to meet the main ribs (9:37). Warren bracing ribs
can combine with normal ribs, adding rigidity, less effectively than true
geodetic, but with less effort and weight, see 9:38. lf the ribs are warren

[attern only, without straight ribs, there is stil l rigidity, but -spacing
needs to be closer and riblets must be introduced to filtthose wide gaps
forward of the spar (9:39).

The warren or geodetic rib system need not always be carried
forward of the mainspars, in which case more riblets are used to
maintain that important aerofoil section, as in 9:40.

A lazy way of installing and shaping geodetic ribs is to be seen in
9:41, but only do this if the structure is tough (flimsy, soft sheet will be
damaged easily). Rectangular blanks of sheet are cut and glued in
position between the full ribs proper. This is done preferably before
iitting the top spars, because they will be difficult to thread in. When
dry, they are sanded in situ, down to the level of the full ribs, taking care
not to sand the latter accidentally.

Godetic ribs

Wi& wnding blek

- i Sond off geodetic blonks to mtch ritr

Fit rectongulor blonks to full r ib wing

Worren ribs

Cut godetic ribr ol crcings
Riblets lvtoin rik

Woro ribs
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Strip bracing
Normal wings can be made more r igid by adding square sect ion

strip from top and bottom spars to the trailing edge, forming a geodetic
pattern. They lie below the covering line on top, but on it below, if the
wing is flar bofiomed aft of the spar- lt does nst wsrl on deeply
undercambered wings. The system is shown in; g:42.

A certain amount of weight can be saved at the leading edge by
omitting the lower sheet and substituting warren bracing from lower
spar to leading edge strip. Pre-bent cap strips can then extend to the
leading edge, in one piece i f  desired, al l  per g:43.

Tougher tails
Although sheet tails have been dealt with earlier, these few dodges

s.hould help in detail. Swept back tail surfaces can be prone to splitting,
due to the spanwise grain pattern. 9:M shows how to lay the sheet out
in sections edge-joined to support the hinge line (C/L and R/C modets).
In 9:45, the grain is paral lel  to the edges, but because this means that
the tail has to be cut in half, flat ply or hardwood braces need to be let
in. For dihedral led or anhedral led tai ls,  tough ply or wire braces shaped
to the angle are inset.

Ends of elevators and tai lplanes (or rudder and f in) benefi t  from 'ant i-
split strip' butted on (9:47). Unless the model is scale and requires
otherwise, use bluntly rounded edges. (9:48).

Nole groin direct ions

El ewtqs
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Top sheet only
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Worren brccing

boltm only
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Hord od srrips bur ioined _-. (9rcin chordwise) : Do not sond ro o knife edge-
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Thick toilplone

9:52Et EVATOR
(s ruddq)

Exces presure in rnding Skin recovers lo qrodrce
deflects sheet skin

-j
9:53 g:SS

Spors-  onste etevoi*  9:54
spor for c leroncc when
hinged or top edge

Chomfer lryer skin

The edges are best protected on soft sheet tails (soft because they are
thick in sect ion). Hard sheet, or even thread glued on, wi l l  do the tr ick -
see 9:49 and 9:50. Tai l  surfaces can be bui l t  up as seen in 9:51. So
simple and weight saving,'this. The structure can be laid in the bottom
sheet and when dry, the top sheet added. Tapered sections for rudder
and elevator are made just like the built-up trailing edge section
described earl ier and seen in 9:52.

It pays to sand the outer face of the sheet covering before building
the tai l ,  because i f  sanding is done vigorously, as in 9:53 the skin wi l l
bend between the structure and get sanded thin in some places and not
in others. lt then pops back as in 9:54, leaving an undulating surface
with patches of partly sanded finish.

Whenever turning a component over after sanding one face, in order
to sand the other, place it on a smooth, clean surface, preferably with
soft packing, to avoid scoring it accidentally on blobs of dried glue and
wayward bits of wood.

That double surfaced tail can be made over pre-shaped strips to give
it a streamline section, omitting leading edge and trailing edge in the
process, as seen in 9:55.

It is often convenient to make tailplane and elevators in one piece and
sl i t  apart when f inished.

For lighter models, or those requiring light control surfaces, warren
rib layout is excellent in retaining rigidity, as seen in sketch 9:56. Flat
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plate tails, often prone to warping, can be made warp-resistant by
ysilg the double braced geodetic method. Here the bracing strips are
half the thickness of the outline strips, one warren plan set are iaid in
touching the bui lding board covering, then a second set are placed in
top, half  a bay out of phase, and grued at the crossings; al l  as seen in
sketch 9:57.

Back to the elevators again . . . geodetic ribs half notched together are
the job for these tapered sections as in g:58. So, on to scale-li[e tails . . .
How often has an interesting pfan shape been changed because it was
difficult to build? A method beloved by scare modrellers is shown in
9:59. A 1Aain. sheet core is cut to the outline of the tail and pinned flat,
for stripwood to be added in the form of spars, which are continuous,
and ribs. The edge is formed by squeezing strip between finger and
thumbnail to encourage it to foflow the outfine. Glue wilt res-tore its
strength when in posit ion, but purists could laminate the sharper
bends. Having completed one side, the structure is turned over and a
repeat set of strip added to the other side (9:60). when dry the whole
tail is sanded to the appropriate aerofoil section, or just rounded off at
the edges, sl i t  and chamfered at the hinge l ine, and t issue or fabric
covered as in 9:61. Wherever there is a stress point,  f i l l  in sol id ( i .e. at
the fuselage junct ion, strut points and hinges).

Thin sheet core

Lomircted slr ip
obove ond below

Strip "spors" ond "ribs"



CHAPTER 10

Hingeing control su rtaces
Hinges
Split elevators
Non-fixed tails
Ailerons
Flaps
Spoilers
Variable camber
Slats/slots
All-moving surfaces

The most elementary form of hinges can be seen in the control-line
model, where apart from the larger versions, the method seen in sketch
10:1 wi l l  suff ice. An alternative, less t ime-consuming method is the
'clothes horse' hinge of 10:2. To preserve the flexibility of the thread or
tape hinges, apply a little candle wax to the area where they cross the
sheet edges. When dope or paint is applied, it will not then soak into the
material to stiffen it and make it brittle.

Radio control modellers often use leaf and pin hinges, which offer a
more precise pivot, but for control l ine models, some examples are a
little stiff, so disassemble and cut a fraction away from the meeting
faces,  as in  10:3.  P in 'po in t 'h inges as in  10:4are convenient to  insta l l ,
but fit in wood of 3/rain. or thicker.

See also Chapter 9

Corpet threod hinges "-

Crossed linen
or  ny lon

Borbed s ing le  po in l  h inge
f i t s  d r i l l ed  ho les  in  bo lso

fope

Dr i l l  smo l l  ho l e  o t
eoch through Point

1O:1
Commerc io l  ny lon  h inge

with holes or ridges

for  g lue  gr ip

1O:2

10:4

Wirhdrow pin ond trim
sides of lugs for free
movemenl

(some types hove integrol horn)
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Hord bolso blocks
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1O:10

Some designs require the hinge to be close to the top surface. Leaf
hinges are most convenient,  as seen in 10:5, and here the sheet skin
traps them for security. Scrap blocks support them below and provide
more area for adhesive. lf using epoxy or superglue to fix them, be sure
to wax the hinge pin area, as a resist.  Fold the hinge and dip i t  just into a
t in l id containing hot candle wax, or use boot pol ish cold.

The hinge point in 10:6 will not have its pivot so near the top of the
joint, so file a little clearance around it and ensure that the pivot is
horizontal, as if twisted round it will be stiff. Those chamfers in the
meeting edges of control surface and the fixed aerofoil need to be wide
enough to allow the surface sufficient movement without straining the
hinge.

10:7 shows that a top-hinged surface can have the leaves of the hinge
angled down into better areas of grip. watch out, however, that the
sl i ts for the hinges are al igned on both sides of the hinge and are along
the hinge l ine, in both plan and rear views. Misal ignment causes
friction, loosens the hinges and warps the control surface. lf it does not
drop under its own weight, re-check.

10:8 shows a piece of fabric under the skins as a continuous hinge,
10:9 is similar. Two strips of fabric tape sewn down the centre can be
glued outs ide as in  10:10.

h
Double strips sond'rich tope
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Film hinges
Heat s-hrink film can be used as hinges, full length at the covering

stage. 10:11 explains the sequence. Do not omit that packing in 'b ' ;  i t
preients the fiim shrinking the joint too tightly, making it stiff, but
remove it afterwards!

Split elevators
The rudder may extend across the elevatorS, So cut them for

clearance and re-ioin with a hardwood strip. Offset the horn, tho-ugh;
central holes will weaken the joiner. Hard balsa end strips also reinforce
here and epoxy skins prevent the wood being crushed by the tightening
of the horn bolts. (10:12).

Wire ioiners can fit into slots in the ends of elevators if taped and
epoxied- for security, as in 10:13. The tube is important if the tail is held
on Uy rubber bands. lt is gtued to the tailplane and prevents the bands
f,estricting elevator movement.

10:14 shows how to arrange chamfers for free movement and 10:15
a recessed hinge design for close gaps (air escaping through a wide

Add f i lm 2

Fold  down onto  i / l6 "Pock ing

10:13

\10:11

db

1O:1

boncb off ioiner

- -  t )
<_Hing.,</ / /

(over ing  over lops

Hord bolso or
hordwood ioiner

Ploslic tube to keeP rubber
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hinge-l ine spoi ls eff ic iency). 10:16 i l lustrates horn f ix ing. Keep the
holes in l ine with the hinge pivot for accuracy. Commercial joiner/horns
are easi ly instal led (10:17) cut a clearance notch in the tai lplane. Horns
can be cut from aluminium angle (10:18), obtained from D.t.Y. shops.
Dri l l  the pushrod holes to f i t  the wire to be used or a commercial clevis
(10:19) .

Clevises are adjustable and cl ip into the horn. To remove from the
horn, gently prise apart with a small screwdriver. Sketch 10:20 shows
how to bend a pushrod (16S.W.G. cycle spoke or piano wire).  One
clevis is needed on each pushrod if adjustment is to be made.

The posit ion of horns depends on the clearance in the model,  but the
straightest route is the best. A hollow fuselage allows a central horn to
be used, as in 10:21.

lf the horn must be outside fiA:221, the crank in the rod must be
gentle, or movement could be lost.  Dihedral led hinge l ines (10:23)

t/32"ply

Cmmerc io l  io iner

Cut  fo i lP lone
t o  c l e  n

1q-,17
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dictate that two horns and a split rod are needed, so too with a swept-
back hinge l ine (10:24). When you've bui l t  one, i t  wi l l  be apparent.

Knock-offs
On a radio control model, movement of the tailplane on its retaining

rubber bands will change the elevator angle (drastic!) 10:25 suggests a
tocating dowelto prevent fore and aft movement in fl ight. This is not so
pronounced with a vertical pushrod, as in 10:26. A pivoting tail is
acceptable too 110:27l-.

Ailerons
There are four basic classes, as seen in 10:28. The strip type can be

driven from the inner end, via a short torque rod, (like half an elevator

I
1o24

x
Motchs t i ck shrcr pin

\->
L-4 ' -]-:

Bind ond so lder
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horn/joiner). The others are operated by a bowden cable curved to turn
90o, or better stil l, by a 90o bellcrank. (Books on radio control will
explain this. ff it were all described here, the book would be unwieldy)'Balanced' means that an area at the t ip goes down, as the main surface
goes up. fo reduce the forces on the controts-More of a fulLsize
practice here, but copied on some scale W.W.l. subjects).

A rear spar carries the aileron as in 10;2g, but a short one has to be
well  supported inboard as in 10:30. l t  is usual to make the wing in one,
then cut the aileron free and face its raw edges. Strip ailerons, h-owever,
can be shaped and added later,  as in 1052.

Smol l  inse t  o i le ron

Bo lonced o i le ron

6
Chomfered focings

Cul  lo  fo rm o i le ron
of le r  ossmbly

1O:31

Str ip  o i le ron

Lorge o i le ron

1O:28

Tro i l ing  edge sheet

_I

10:29

Cont inuous  r ibs

1O:32
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When shaping the trai l ing edge of the wing to meet an ai leron of the
strip type, check that it blends in, as in 10:33 which shows right and
wrong. 10:34 wi l l  help those needing wide chord ai lerons and 10:35
provides details for alternative minimum clearance hinges. Why
bother, you might say . . . 10:37 shows a strip of 'Magic Tape' in the
hinge chamfer to bend freely and prevent air leaks. Tape on top serves
too, but is more visible.

Another type of aileron is the Frise pattern. This is hinged offset so
that i t  gives drag in the'up' posit ion, aiding turns on some models (and
full size). The hinge is well back on long plates and the top of the
leading edge is radiused to fit an overhanging top surface on the wing
(10:38) .
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Flaps and brakes

This page shows lift and drag producing control surfaces. Flaps go
down to aid l i f t  and can share the same hinge l ine as the ai lerons, as in
10:39. l f  the top moves up at the same t ime, i t  becomes an airbrake as
wellll0:40lJhe underside-oflhelrailing edge canbe split to lower- as
a lift augmenter. This is easy to model; recess the lower skin and make
the flap from thin plywood. Stiffen it, if needed, with a piano wire
leading edge epoxied on.  (10:41) .

An interesting co-axial l inkage was seen on a contest aerobatic R/C
model. The ai lerons are driven by a torque rod within a f lap torque
tube, all supported in brackets as in 10:42.

Gliders are not so complicated. A thermal soarer can be slowed to
lose height by raising a ply panel on the wing surface, as seen in 10:43.
How does a cable open it? Run a fine cable to the wing L.E. and back to
the rear edge of the spoiler.

4--spring closure, torque
\-\ rod or coble to open

1O:4O
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To servo

Top hinge seoled

Mid section

Neor symmctricol trim

To f ixed point  To servo1O:4
Reor section

Y:rc
Loding edge

Slot on spocen 1O:45

To seivo

10:46

f
To servo

1O:47 Ply doublers 1O:48

Variable camber
This type of aerodynamic trickery, developed for f/f power climb, was

used successfully on an aerobatic electric model. lt was possible to
launch the model inverted and climb it with a cambered aerofoil, then
change to fully symmetrical for some manoeuvres, changing to normal
cambered profile when upright, for high lift. Those hinge lines must be
tape sealed and the linkage arranged as in 10;M (right) to give more
movement at the rear section than that of the centre strip. With
adequate power, control line type opposed flaps work almost as well!

10:45 shows the difference between added and inbuilt wing''slots.
These improve stall resistance at the wingtips. Construction is obvious.
Movable slats, as in 10:46, can be spring loaded to pop out as speed
decreases (full size) or (safer in model use) pushed out by a servo. They
are a little vulnerable in some low wing subjects. All-moving tailplanes
pivot in a rod as in 10:47 (vertical pushrod) or 10:48 (normal linkagel.
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Slox for tubs

All-moving f ins can be aerodynamical ly balanced and pivoted on a
rod, as in 10:49. Stil l in the realms of radio control, the rocking tailplane
mount al lows for a single bolt  mount to hold a 's lewablel tai lplane,
useful on rocky slope sites or for reproduction vintage models, where
the al l-moving tai l  is to appear ' f ixed' and without elevators - 10:50
explains. The same method can be appl ied to a 'T' tai l ;  by reinforcing
the f in top, as in 10:51. Use a vert ical pushrod.

Sheet tailplanes are sometimes thin, so the brass tubes into which
the pivot and drive wire joiners fit have to be slotted in. Sketch 10:SZ
shows a root reinforcement idea. lt should save some splits in the
tai lplane.

10.50

\

Spruce s l i ip ,  d r i l l ed

Thickness of sheet
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CHAPTER 11

Wing and tail attachment

Spoce fo r  f i t t ing  bonds Rubber bonds
Bi rch  dowels  Pro t rude
well post bond

1 1:1 '-.-..__---t

11:2
"V"  cu t  w i lh  f  i l e

Bands
Tongues
Bolts

:!

Free flight, radio trainers, sports models and control-line trainers
usually have need for really resilient wing fixings. Traditional methods
of securing the wing, and in some cases the tai lplane, employ a number
of strong rubber bands hooked onto protruding dowels in the fuselage
and taken over the wing or tai l .  The basic set-up is sketched in 11:1.
Note that the dowels pass through strengthened parts of the fuselage
and are located so that the rubber bands pass straight down (or up)
from the wing. Space has to be left between the wing and the dowels,
so that the bands can be hooked on easily. Friction between the bands

Tr im o f f  in  penc i l  shorpner
ond sondpopet

ss t
-  

Th in
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11:6

and the wing, and between wing and fuselage, resists movement of the
wing, but a hard blow to the wing should cause it to siew, or the bands
to break, thus minimising damage to wing and fuselage. 11:2 shows
how to cut and finish the dowels so that they do not damage the bands.
Bands alone are not the only aid to securi ty; 11:3 shows a wing seat
detail. The wing should sit on its platform or seating without rocking or
sliding easily. lf it moves about in fl ight, the model will lose its trim and
become unstable. A str ip of thin adhesive foam or si l icone rubber
caulking ensures a good fit. (Place polythene on the wing and sit it on
the wet silicone rubber, it can then be lifted off after curing and the
polythene stripped off).

Do you object to seeing rubber bands? 11:4 shows a streamlined
fairing made from balsa or moulded in ABS. This can be continued
forward as a canopy or hatch cover as in 11:5.

Try to avoid seating the wing in a stepped recess fore and aft; (11 :6).
f f  i t  sf  ews, i t  wi l l  damage i tself ,  and the fuselage. Similar ly, as in 11:7, a
steep cut-out at the leading edge will restrict the forward movement of
a-banded-on wing, so that in a nose-on contact with the ground, the
wing or fuselage suffers. 11:8 is better.

When a dowel peg is used to locate a wing, it will allow the latter to
slew under the rubber bands, but prevents it moving fore and aft. lf the
wing has ailerons or flaps near the centre section, these may be
damaged : see 11 :9. Instal l ing the peg aft ,  in this case, as seen in 11 :10,
allows the front of the wing to slide instead.

11:9
1 1:1O



In order to avoid the use of projecting dowels and large rubber bands
in an otherwise clean airf low, the system shown in 11:11 was used on
an electr ic aerobatic model.  Wide nylon tape l ies f lat on the wing and
passes down onto formers at leading and trailing edges. The ends
terminate in wire hooks, over which a small band is wound to secure
the wing tightly, but which will break in a hard landing. Two-piece
wings may part under the wing bands, so apply vinyl tape to prevent
this - 111:121.

The use of a 'dethermaliser' (a system to limit the flight time) requires
a different method of fixing for the tailplane, or in the case of chuck
gliders, the wing. In this case the leading edge of the wing lifts, to stall
the model down. 11:13 shows a bolt  aft  and small  rubber band at the
front. A burning fuse (lamp wick) melts the band then snuffs itself out.
Tip-up tai lplanes are held by a band at the leading edge and a thin wire
or nylon to the rear, as in 11:14. For twin f ins, the glued-on end f in
detail is a break-away fixing. Seen at 11:15. lt depends on a soft
replaceable strip of balsa. The hard balsa end rib does not tear away,
provided balsa cement or PVA glue is used. The joint can be re-glued
several times before the soft strip needs cleaning off and replacing.

Wind smoll rubber bond orond hoks

l69 .  p iono w i re  hooks

11:11

11:12

Wide nylon tope

loops fore ond oft

Tope iwo-piece wing holves

Hook in  to i lP lone

:

To dethermoliser sPtern

Brmkoble

Fin glued only to soft striP

Alloy snuffer tube
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Tongues and dowels
w.ing halves can be joined by several means. The most rigid is the

vertical steel tongue inserted into a close fitting brass box in eich wing.
The joint is flat, so unless there is space in each wing for the boxes to be
tiltedr+he wing centre sas to be flats also. ]f; however; the system
employs a pair of boxes in the fuselage, and one in each wing; the
boxes can be soldered together at an angle and one steel tongue used
i l  each wing assembly .  11:16 shows a s ingre f la t  wing vers ion.
Horizontal tongues, as seen in 11:17, do not provide the bending
strength needed for high performance gliders, but suffice for small
sport models. They can be made in balsa, in addit ion to the ply version
shown. Note too, that whereas the steel tongue wil l  bend to al low
yvilos to knock.back, the edges of these tongues have to be shaped as
in  11 :18.

Piano wire dowels in brass or alloy tubes serve a wide range of
appl icat ions. The dowels can be bent to the dihedral angle and wi l l  f lex
to save the wing in a sharp stress condit ion ( l ike pul l ing out of a dive
suddenly).  The wings can be held in place on the dowels by a
transverse rubber band, as in 11:19, or provided with quick-detach'buttons'as in 11:20.

1
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B o l s o ,  s o m e

thickness os tongue
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1 1:18
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li leost 3/8"
Reinforcing PIY woshers

11|23
Troil ing edge

Wing bolts

Ply formet

11:25

Bolt-on wings
As might be expected, a bolt-on wing is less resilient, although if the

bolts ar; thin enough, they will break before the wing or fuselage is
damaged. The wing is firmly located and may be bolted at leading edge
or, asJs more popular, at the trai l ing edge. On a high wing layout, the
front bolt allows the wing to ride forward in a 'sudden arrival', (1 1 :21).
It cannot slew unless it moves enough for the dowels to clear the rear
former. Not so restricted is that seen at 11 :22. Here, the wing wedges
under a plate at the trailing edge and is restrained by a clamping block,
forward. This wedges the wing firmly aft and down, but allows it to
slew slightly, or to fall clear, should the 'arrival' break the bolt. lt is
important to make a secure iob of the rear socket, using epoxy and tape
or bandage.

The real bolt system in 11:23 is typical, although the wing bolts may
enter a hardwood or Voin. ply plate, as in 11:24. This is designed to pull
out, rather than having the bolts break. Sometimes the fuselage
formers dictate detail 11:-25.
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CHAPTER 12

Struts
Gabane and centre section types
Wing struts
Fixings
lnterplane struts

Unless a 'pylon' is used, wings mounted above the fuserage are
carried on a set of struts, variously classed as 'cabane' or 'centre
section struts'. lf you prefer woodwork to wire bending, try that in
sketch 12:1; the top rai ls are laid f lat on the sides of the ufr ights, and a
doubler piece forms an inf i l l .  Notches in the ends hold the wing
retaining rubber bands. l/ein,3/.ra, or l/ain. ply can be used for the strut
unit  in 12:2, according to model size. The piano wire wing dowel is in
one piece and must be bound or taped securely. 12:3 makes good
practice for wire benders and needs soldering. 12:4 is more of an
engineer's job; countersunk bolts may be used instead of pop rivets.

12:1

Bend up p iono w i re  ossmbly ,
b ind  w i t t r  th in  copper  w i reJr id  ro ld" ,

Spruce s l r ips  over lopped

12:2

Plp"ood s l ru t  un i t

Dr ro l  s t r ip ,

12:3
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All these struts need a secure fixing in the fuselage. Vertical ones
may look unrealistic, but if there is a longeron, see that the struts do not
weaken it (12:5). Wire or strip metal types can be bound or screwed to
strong cross bearers. When the wing is to be bolted in place,.the strut
ends 6an be dril led and blind nuts fitted to ply plates in the wing, as in
sketch 12:6. Locking these plates to the spar and rib system is
important. lf foam wings are used (chapter 16) bolt right through, with
nuts under the strut ends.

Strut-equipped high wing models usually have a strong one-piece
wing, so thostruts aie dummy and can be lightly attachedyi$ rubber
bands or hooks and loops. A typical strut appears in 12;7. The ends
locate on open hooks and the little iury struts are sprung into place or
banded on. Sometimes a rubber band forms the jury strut itself (if the
model has them).

Other dummy struts can be held to the fuselage by a rubber band
through a tube or underneath. The outer ends can spring. into loops or
tubes. 12:8 shows a soldered loop of a f i rmer bolt-on version and 1 2:9 a
simple loop for the wing made from a split pin. These may be used on
the fuselage as well.

Whatever the type of removable or knock-off fitting, the fixing points
shoufd have a small piece ol 1/szin. ply or hard l/'rain- sheet let in flush
around the fitting, otherwise the strut may damage the surface, or
poke through the covering.

=F>- 
| \--!--Fir between spors \.

Ply plole insei fury strut hooks into
wire loops under wing

winsuor,*>g 
\"- '

12:9

Hord block

Bolso foiring ePoxied
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Metol plote epoxied
O\

Sgueeze lube
ond dril l

12:11

12:12

1216

spruce struts may. b,e strong enough without piano wire, but they
need f ix ing plates whiCh should be real ly secure; as shown in 12:10.
Afternatively, alloy tube can be squeezed to form slim struts as in 12:11
and teardrop section streamline alloy tube is avaitable in model shops.

Large fairings can be added to piano wire struts in several ways . . .
see sketch 12:12. The two-piece version (central) is the neatest method,
but a carefully joined piece of litho plate, thin ABS sheet or thin card
can be effective, permitting the wire to flex under stress, without
cracking the fairing. Sketch 12:13 shows how to fix the roots of wings
which rely structurally on struts. That in 12:14 needs an access hatchin
the fuselage. Those in 12:15 and 12:16 rely on shear bolts (targe and
small  models).

Wropped lirho ploie

I grooved strips

Hordrrmd sprmder
Commercio l  wing
bolr brocket
on spor wirb

Bolt to spor in cenlre
section or fuseloge
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12:17

Ply plote tongued

in to  r ib  dob le rs

SPot

l"-

Spor dwbler

L  ine  o f

12.20
Sew hooks to ply

12:21
Smol l  bol ts to brok in crosh

lnterplane struts
Much of the foregoing end details apply here, but the sketches in the

12:17 group show some applications and arrangement of wire work.
Where there is interplane rigging, it may be used to hold the struts in
place, facing the hooks outward on the wings or inwards on the struts.
Dummy rigging can be made from shirr ing elast ic, or,  on larger
models, wire fishing trace tensioned with rubber bands. Working
rigging is more fully described in books on scale modelling.

Sketch 12:18 shows a dovetailed fixing plate in the wing, 12:19 the
method of installing a ply plate to carry a strut hook, for use where there
is a risk of rough treatment. The piano wire hook could be 20-18s.w.9.
and bound or sewn, and epoxied to the ply, ds in 12:20. On small
models, the hook can be bound directly to a spar. External lugs can be
part of a ply riblet, as in 12:21, but the skin needs support each side, the
covering fabric or tissue being stuck to a cap strip each side.
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Fi l l  be tween spors

A c c e s s  h o l e  i n  s k i n

12:22

A smaf fer external lug is detailed in 12:22 and is steadied by the
spars, but an area of sheet will be needed around it with a cut-out to
gain access to the bolt which fixes it to the rib. The same detail could be
applied to the fixing of a wing directly to centre section struts.

The more pieces of struttery and wing fixings one devises, the more
complex some of them seem. Once you have selected a system that
suits your particular model, stick to it, there's no sense in being
different, when it is already reliable.

ts
it

Si;)io,'
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CHAPTER 13

Landing gear
Springing, main legs
Nosewheel legs
Wheel retention
Tailwheels
Skids
Dollies
Retrasts
Wirework

How many wheels? A two-wheel landing gear (undercarriage) is
sometimes referred to as a ' tai l  dragger'-  the tai l  end having to make
do with a skid or small wheel. Such models require more care on take-
off, particularly if the main wheels are far forward of the centre of
gravity. lf they are moved back, the model may tip up on landing,_for
ground friction is greater in proportion on models, compared with full-
iize aircraft. The tricycle layout is more stable, but benefits from the
nosewheel being steerable. Single leg and more rarely tandem
wheels are mainly chosen for free flight, or control-line racers. Indeed,
most free flight models tend to be hand launched, so a nose skid may
suffice. Sketch 13:1 shows some planforms. When a model lands, the

lronsm i

\

{

13:2

vtrMM
owoy frm firseloge 13:3

\

obsorbing
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SIDE VIEW

Note roke on leg

13:5

feg{s) tend to knock back and up, rather than straight up, as in full size
pract ice ( i t 's that ground drag again) -  13:2 explains. A leg fair ing is
safer in front, if the leg is to bend back (13:3) otherwise it crunches into
the fuselage.

Simplicity
The simple leg on a profile Goodyear control l ine racer is a good

example. lf it were straight, the jar of setting down in the excitement of
a race could wreck the model. 13:4 shows how to fix it. A dummy
retract can be sprung to go back into the wheel bay of a twin, or even
single engined C/L model (or R/C for that matter) (13:S). Basic wire two-
wheel undercarriages are a good test of handiwork with wire and
soldering, see 13:6. l f  you are not sure, make one in coat hanger wire,
to get the lengths and angles right before using piano wire for the
proper one. Commercial nylon saddles hold wire parts to a ply plate
under the model; 13:7 (the 'P' clips spring away or break in a hard
landing. Rubber bands wi l l  also provide springing (13:8)).

for sprinC laronce in wheel boy

So.ldered up piono
wrre undercorrioge

Bind  io in ts  w i rh  rh in
copper wire ond solder

Rubber bond springing Soddles



Leaf undercarriages are a wide strip of dural (aluminium is too soft).
Commercially avaiiable or home-made, they must have high tensile
steel bolts foi the axles (or these would break), see 13:9' Small models
can have the leaf bolted to a fixed ply plate as in 13:10, but rubber
bands provide a safer attachment, in that the U/C will tear off cleanly on
rough ground.  (13:11) .

lf Vou are determined to use bolts, try fitting rubber grommets to
absorb some shocks and to tear out, leaving the bolts in the model
(13:12) .'  

Some free f l ight models have plug-in legs and 13:13 explains how to
gei plenty of Searing length in th-e tubes. Torsion bar springing is
iirnite and neat - see 1i;14, which is for fuselage-mounted.types.
Wing mounted legs (low wings) are shown in 13:15 with variations in
13:16 for l ighter models and 13:17 for a one piece beam'

13:9
Formed durol

lmf undacorrioge

Hol f  fuse loge w id th

Hordwood torque block

High  tens ide
steel bolt oxles

13:12

Doubl ers

13:10

Reto in ing  P lo le--\42
Undercorrioge brcm

(hordwood) .z/

Flot  bom frm PIY

13:1 1

Torsion bor suspension

1314 Do,)r" -i,. soddre

13:13

Recess soddles into sheet skin

Beom forms wing broce
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Noselegs
The noseleg comes in for much punishment and is readily knocked

back. A coil formed in the wire provides springing, but it needs support
nearby, see 13:18. Twin legs can be sprung by torsion bars, (13:19).
9leqqblqleg! jrq shqy1rytl!!?qlvliqh iq bqme-!!qde, or an elaborate
commerc ia l  one for  heavy models  in  13:21.

A convenient point of attachment is the engine bulkhead; some
radial mounts are already grooved (13:221, otherwise add ply spacers
and a bearing tube as in 13:23. Wheels wi l l  not turn smoothly on the
axf es if they run up onto the leg bend. See 13;24. A collet with socket or
Allen setscrew will retain the wheel, but fi le a notch in the axle for it to
grip, l f  the t ip of the axle is annealed, a thread may be cut on i t  with a
screwcutt ing die. Cap nuts make a neat job, as in 13:25, but use thread
locking compound.

Fomer supports
leg  o t  co i l  edge

\

,
Leg ben* obove coil

1918 \

Bross oxle sockeis

F ixed leg  vers ion
-3<=-l

Bross beoring
ond nylon horn

Severol turns

13:20 13:21
13:19

wosherSoldered
*-. -)

Grmved motor mwnl

Uffi -rq:ffi @j@ff ssr:ra fi&i#rt

[j*$ S {ges'*9"*$,ii* t

Fe-.fr# {.--s;n.;d s l'fiii t s

Annmlend ond th rod
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.  A l low fo r  bend

,

r l
i r
J

t  b lo i t ing  PoPer
heo i  s ink

13:29
Leg botrnd ond epoxied

to hordrrood sirip

Set-bock toilwheel

steered vio l inkoge

frsn rudder horn

13:32
Dri l led bol t

Nut

nylon brocket

13:31

A washer can be soldered on to retain a wheel, but in order to avoid
softening a plastic hub, follow sketch 13:26. Tailwheel legs,are cranked
to position the wheel in line with the centre of the fuselage (important if
th6y are to castor and neat otherwise). (13:271. When the leg is fixed to
the rudder, as in 13:28, the model may be steered as it 'taxies tail down.
lf the wire is short, reinforce the rudder (13:29). The tailwheel can be
remote from the rudder, but driven as in 13:30. Freely castoring wheels
can pivot in a commerc;al bracket (13:31), or in a dri l led bolt ,  as in
13:32. Nylon bolts afford springing (13:33).
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Piono w i re  sk id

Ply or  o l loy on rubber str ip

-sockets on model ;2,
To f i t  w ing

odi*H,;;ns se*ins 1 339
(elecrricol co.ne.toi blocki

A gl ider may have a landing wheel mounted on trunnions as in 13:34
- fine for the big 'uns. The tailskid that screeches along a runway
should be banned! Ful l-size aircraft  with skids are supposed to land on
grass. Try 13:35.

The nose of a glider is a skid too, whether it is just reinforced or fitted
with a r igid or sprung skid - choose from 13:36.

suppose there is no undercarriage . . . control-line speed models,
and some scale subjects flown in 'retract' mode (no wheels), need a
launching dolly, as in 13:37, which needs the tail to rise to free it, or
13:38, where the model is unrestrained. 13:39 suggests a means of
adjusting the tracking, so that the model runs straight if radio
control led, or without dragging the l ines or running-in, on a control- l ine
circuit .



' Bross strip
!  lot .h" t

\t-

Lock ing  orm

j

l l
r i
t l
U

,/r
Stop

G./ 13:42
13:41

Notch ot
enoS

S l i d i n g  b o l t

13:43

It is important that the model frees itself clganly from the. dolly, so

those retaining prongs must be long enough to prevent the. model

bouncing out daily, yJt shaped to cleal without carting.the whole thing
way up',i ttte air. 1'SIAO also shows a socket in the model which should
not jam when i t  is t i l ted.

Retracts
Let',s start easily. A hand-launched scale model can have realism by

lowering the undercarriage in fl ight. No servo is needed, because the
throttlelewo can be linked to unlatch it. When dropped, it locks down.
13:41shows the construction, 13:42 the action.-Commercially 

available (or some home-built) retract ulits are seen in

13:43,which bolts the leg up or down, while that in 13:44 uses a slotted

arm or fork and goes over centre in each direction'
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(,4 1346

13:49

<1-Cur l ing
Holf round fi le

13:50
13:51

Atypical instal lat ion is seen in 13:45. Individual units require sl ight ly
different beam positions. lt is important to make the smallest possible
cut-outs in the structure, for although the legs of the units are sprung,
there is a twist ing load on the wing. Geometry is impoftant too; 13:46
shows that a wheel may have to be a angled in the 'up' position, which
means turning the mounting beams too.

I t  would be dif f icult  to go far in aeromodell ing without pract ising wire
work. What follows should help; mostly self-explanatory, these
sketches, but . . .13:47 shows the ideal cutting method for piano wire,
13:48 is what happens in haste and 13:49 reminds you to clamp close.
Piano wire has a hard surface and cut should be from softer to harder,
13:50 explaining why the wire is turned. Setscrew f lats should not
reach the wi re  end (13:51) .

F i l e

{

Rotote

1947

File bounces off
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A flat fi le gives more of a grubscrew restraining stroulder (13:52). A
grindstone slrves too, but suffers with use as in 13:53. Always wear
6ye protection when grinding (13:54). Do not try to cut thick piano wire
in pliers, use large enough pliers when bending and press the wire on a
haid surface tool {13:b5). lf a tube has to be positioned between bends,
follow 13:56, gently re-shaping the tube afterwards. The dotted lines
show the posiiions of the pliers as the iob proceeds.

So many people clamp the wire in the vice and wrestle it into a sharp
bend - 13:57 is a better way.

Thin wire (up to 16s.w.g.) can be bent in a home-made hole j ig, as

. !

f:rti I I
air.;:11 {pr-*r )
E!:,F --1

AL ti,ifi.:-
__:_:_

,, 
-:===

Edge of grindtone

13:53

-1-  Flot  f i le

13:54

Pliers on tube

i r - - l

} 13:6G )

'(t$
*J

WEAR GOGGLES
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seen in 13:58. A second piece of steel bar rests on the wire and is
hammered down. This gives a nice straight length each side of the
bend. Sketch 13:59 shows that if wire is forced around too tight a
radius, i t  wi l l  be weakened, even i f  i t  is annealed f i rst.  (Heat to red heat
and wort ietore or as it cools, re-jeat -and plunge it into water to
restore some of the temper. Too much wil l  make i t  br i t t le).  Commercial
wire benders wi l l  make short work of forming bends and coi ls in thick
wire.  13:60 is  a  s imple bend and 13:61 a co i l ,  see how the bending arm
rides up. When wire has to be epoxied into wood, it will benefit from a
keyed surface; 13:62 suggests solder, 13:63 fuse wire sordered.

13:58

-P
W i r e  d i o .

Co i l  f s r6s j rI

II
lf
,rl
' i

L\

Too smoll o rodius

fh in  copper  w i re  so ldered

13:62
Solder  keyed w i th  p l ie rs
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De-burr 
13:65

1368 zZ'

264

Crimp Xrr,ro{
Tubes

Thin wall brass, copper or alloy tubes are easily cut to length by
rolling as in 13:64. Keep the knife in the groove it cuts. A burr will be left
inside (13:65). Wire ends can be given dri l led lugs as in 13:66 - use this
for horns, struts, and linkages. To solder it, apply solder paint inside
(13:67) .

The inside of the tube may not be clean enough for this as bought, so
bend piano wire and grind or f i le i t  to make the scraper in 13:68. A
notch in the tube also keys and aids solder flow (13:69).

Never put up with sloppy fits: crimping is not the answer, as it will_
soon wear loose again-see 13:70.
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13:71

13:72

Severo l  tee th  ih ick

o n  p l y
I  (v Metor 

1

l f  the tube work is to be used in the fuel plumbing, remember to al ign
the cut-out in one tube with the end of the one joining i t  (1 3:711. A pieie
of rusty wire locates it and won't bond to the solder. Retain the strength
of a main tube in sketch 13:V2 - fi le the others to fit and use nails ii a
wood block to al ign the parts.

sheet metal will bend, stretch and buckle if it is not supported when
sawn {13:73). Cutt ing with metal shears distorts i t  in long lengths, so
cut thin meta! by !ai!_9Lrllg it to ptywood and fretsawini wiih a fine
metal cutting blade (13:741.

saddles? Easy: look at 13:7s, i t 's quick. Lugs l ike 13:76 open out i f
soft soldered.

Notch  fo r  p lumbing Fu l l  fo r  s t ruc lu res

i

t ;

, ' l i
, t ,
' I  i

: l r : l

irii
i l
rffii

ffii

ijffi

tffif
ffirt

ffii,['fl', if
' li: i;ii
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I
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13:75
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13:77 _--'f,

13:79

Longer side

Meto l  s t r ip

13:8O

Metol bending strip

13:81
Bending bors

lf you must make them like this study 13:77 to get the. bend tight'

13:78 shows a more foolproof version, using thinner metal (plumbers'

sofder is O.K.). Why put in sketch 13:79? Thick metal will not bend to

the same finished length as a thin cardboard pattern. Cut a very narrow

ririp and bend it first-to test the measurements. 13:80 shows how to

deal with sheet metal in the width of the vice. lf it is wider, use strong

i " . t tngr larmeta l  bend ing bars(asseen insketch 13:81. . .  '  Nowyou

can go on a real 'bender' !
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CHAPTER 14

Snow and water
Skis
Floats
Flying boat hulls
Wheel pants and spats

Extend the flying time of your sport model by equipping it for the
winter snows . . . a two legged undercarriage can be modified to carry
skis by removing the wheels as in 14:1. A l i t t le experiment may be
needed to get the ski angle right, so that it does not prevent the model
rotating for take-off (short skis are better). The limit wires or rubber
bands should be t ight enough to hold the skis at the correct angle for
landing i f  the model is free-f l ight.  Chop the rear ends of the skis back
unti l  the model almost puts i ts tai l  down.

14:-2 is an alternative construction with sguare spruce on the centre
l ine, The wheel col let and inboard washer (or two col lets) keep the ski
square.

14:3 shows a centre piece from aluminium channel.

14:2

14:3

L imil suspension wires

/tlox in-fl ight ongle
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5rHor 
dwood b lock inserted

Bend up

14:4

Wheel  co l le t

14:5

w
F lmr  l ug

Col ler

Shoped block

A larger section channel makes a box-like ski, when notched and
joined as seen in 14:4. Two nylon saddles can be used as mounts, but
ply will keep the collet off the snow (less drag) see 14:5.

Splash!
A selection of commercial floats cater for floatplanes for R/C. A

standard landplane can be converted by adding a second pair of legs
aft, as in 14:6. Wire or 'leaf' system may be adapted to most flat-
bottomed fuselages.

Home-made floats may be needed to suit models of smaller size.14:7
shows how a mounting lug can be part of the keel, 14:8 is built with a
separate lug and 14:9 details a typical bow. Use waterproof adhesives
on al l  these examples.

Small free-flight power models can carry little floats as seen in sketch
14:10. The wing loading is usual ly so l ight that the model hops off
easily and needs little buoyancy when at rest. lt may be necessary
to adjust the angles of the floats for best results, so, in view of the light
construction used, have a truly vertical section of leg to be gripped in
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14:1 Lmve s t ro igh t  sec l ion  to  o l low
p l ie rs  io  g r ip  fo r  od ius tmen i

14:11

between spors  fo r  p lo te

14:12

14:13

Conven i iono l
fuse lo ge

Fmm hu l l  sec t ion

G lossfibre
over  io in ts

Hordwood

sproy strip

Bo lso  ch ines  ond kee l  
P IY

14:15

pfiers, as in 14:11. lf the float is held in the hand and twisted about,
reference will be difficult and damage could result. Aim to fix the
fanding gear so that the model sits at a slight positive angle, as 14:12,
otherwise it may not rotate for takeoff.

Flying boat hull bottoms can be made from a foam block in a
conventional fuselage structure, as in 14:13, or sheeted and skinned
over in thin ply, or even made from ply alone (14:14 and 14-.1s
respectively). Sharp protruding edges to the bottom will throw the
water clear of the sides - these are called 'spray strips'. Glass fibre cloth
cut into narrow strips will reinforce the joints (epoxy and fil l smooth).

With just a hull, to sit upon the water, a flying boat needs stabilising'sponsons' when at rest. These may be used in place of the more
vulnerable tip floats. They come in for rough treatment when setting
down on grass, however, so a stout spar (spruce) should be passed
right through the fuselage as in 14:16. Alternatively, they may be

Convent iono l  U, /C f i x ing

B i n d  s i n g l e  i o i l  l e g  t o

longerons  or  P IY P lo te

Use woodworking odhesive (Coscomile) on fom ond wood
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detachable, retained by a long nylon bolt entering a waterproofing
grommet to reach an internal blind nut {14:17). The sponsons
ihemselves would be best carved from solid balsa, faced with %zin. ply

below.
Tip floats will get knocked off, so have them captive by allowing them

to piuot as in 14:18. A breakable peg or small-brass bolt keeps them

straight until that gust tips her on the grass, or flotsam gets in the way.
Note-the ply plateio prevent the float knocking a hole in the wing. This
wil l  not be n6eded i f  ihe wing is so high and of small  t ip chord that the
f loat passes the trai l ing edge.

'Wellies'

Wheel spats to you - These may be vac. formed from ABS sheet'
moulded in glass fibre or carved from balsa. Dealing with th.e last first,
14:19 showJ sect ion and side view. A ply lamination or inset plate

spreads the load from a metal fixing plate.

Sheor pin (breokoble)

14:18

1419

Soft block flmt

l / l 6 "p ly  lomino l ion

Bross plote soldered

to leg ond screwed lo ply

Spor

14:17

l / l 6 "sheet  sk in

2:=.
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l 6 s - w . g .  w i r e  s l r u l

> \Bros t  co l  le ts  so ldered
lo  b ross  moun l ing  p lo les

PIo te  on  w ing  to  p lq6  o f  fo i r ing

14:22

Mylor or l/32"ply strip

14:23
The outer end of the axle can also support the spat as in 14:20.

Thread the wheel on inside the spat, then t ighten the col lets. The spat
can knock up or down, but re-t ightening both col lets remedies this. The
flats fi led on the axle should go deep (about 1/aot the dia. at least) for
firm seating of the setscrews, but too deep a flat inboard will weaken
the axle. Spats can also be supported by a wire strut, in addition to the
soldered plate. This is seen in 14:21 and places tess strain on the
soldering. Be sure to cut a large clearance aft of the wheel because
grass gets trapped there and jams the wheel.  The long gap al lows i t  to
brush out again.

Leg 'trousers' - chilton DWI for example - can be added to
completely change the appearance of an undercarriage that is wing
mouhted. The fairing has to be loose so that it knocks off in roug6
ground or i f  the leg goes far back.

Sketch '14:22 shows how to make and fit the fairing. Alternatively, if
the spectator does not come too close, a sponge plastic version can be
instal led and f ixed - i t  wi l l  bend as the leg moves. cheap and
expendable this one, in 14:23.
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CHAPTER 15

Electric flight and COz
Motor mounting
lnstallation
Special details
Geared drives
Folding props
Flexi-drives
Free flight
Round the pole
GOz

This chapter deals with installation details for the power plants,
including a COz motor. The tvpe of airframe construction used by most
followers of the art of electric flying is lightweight, but having regard
for the weight of the battery locally strengthened. The three principal
classes are: Aerobatic, which have 3 or 4 channel ultra-light radio
systems and a direct drive model racing car motor which can run for 4
or 5 minutes per charge - see 15:1.

Duration machines are effectively powered gliders, often with geared
motors and folding propellers. Light and high aspect ratio wings keep
them aloft for around 15 minutes when there is l i f t  about. (15:2).

15:1
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l , / l6"bolso ond thrrcd

15:8
Meto l  sodd l

3/32"sheet blended ;nro iuoe

Rond o f f  to  t iongu lor  s l r ips

Engine borers

15:9

Bondoge/pvo glue
dob lers  to  nce  l / l6 "sheet  box  fuse loeRoot oirscoop

\ -Motor in lube

Ai r  in toke

15:12 - -1  Bot ie ry  o i r  o l

F l igh t  bo t te ry  l /32"p ly  sk id  /ex i t  duc t

Electric power facilitates the building of reliable, if short, duration (4-5
min) scale subiects including mult i -engined types, as in 15:3. Even
control- l ine is possible. Some l ight models intended for free-f l ight and
engines of around l/zcc. to 1cc. can carry a model car motor and flight
battery, when strengthened locally, see 15:4.

In fact, there are a number of vintage free flight power models
which can carry either direct or gear-driven efectric systems and light 2
or 3 function radio. These are mostly open frame, tissue covered
machines in the sports category. Motor installation is simple. The direct
drive versions entail making a tube to fit over the motor, leaving the air
vents clear. Wind a str ip of ply (15:5), sheet balsa, as in 15:6, or brown
gumstrip paper, as in 15:7, to fit actually on the motor. This should be a
tight fit. The gumstrip will stick to the motor unless the first couple of
turns are laid gum side out,  then the rest gum side in.

15:8 shows how to mount a motor in engine bearers ( i f  they are the
right spacing) or on a ply plate if they are not - see 15:9. Those motors
in tubes can be bui l t  into the fuselage nose as in 15:10; leave the motor
in the tube whi le doing this. To streamline the nose more, add a conical
r ing of gumstr ip {formed on an ofd spinner) as in 1b:11. l t  is
recommended that a matching spinner is not used, as air has to pass
easi ly into the motor for cool ing.

15:12 shows a typical installation of motor, fl ight battery and radio
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in a fuselage. Note the cooling for motor and battery {which also gets
hot under load).

In order to get the best performance out of the model, whether it is
intended for aerobatics or duration, drag-producing things like pro-
truding control l inkages, wing dowels and bands, undercarriages and
over-bulkiness of the fuselage should be eliminated, Sketch group
15:13 suggests methods of util ising the wing seat fi l lets as airscoops,
and the resilient ply bottom skid as an air exit. Control horns are inside
the tailplane root and fuselage and the prop driver is spaced forward
with a collar to give a more tapered nose. Do not omit the collar: it
reduces the chance of bending the motor shaft on landing.

Gear or belt reduction drives permit the use of larger more efficient
slow-rewing airscrews. The British 'Olympus' has a small toothed belt
and bal lraced shaft -  see 15:14 for side view and ply mount. 15:55
shows an imported gear drive unit intended for powering gliders. The
long prop shaft has a coupling intended to absorb the starting jolt and
save the gears if the prop contacts the ground power-on.

Sides sonded ofl
Rolled poper cone

Rolled poper ,rt.Yl

-/n\l
- prop

15:14

,\

15:13
Horns in fuseloge ond toil root

Nose block

P lo in  beor ing

- A ir scooo /root l i l let Irilw,JL-. 4,/-tr4a L g

M[t
Rudder horn on toilplone rooi

U
Air  exi t  /sk id

Metol clomp sirip

M. F ,A.  "O lympud 'be l t  reduc l ion  un i l

Groupner Voriprop geored unit
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The systems discussed so far have used l/tzth. scale model car
motors, but smaller motors with gearboxes are sold for use in Acoms
kits. These units have plastic bearers to which they are held with rubber
bands for crash resistance.

rybly ryodptlers have used theminjeelance scratch built models
with success. 15:16 shows a low drag nuse detailed. The battery is a six
cell flat type, intended on the kit models to be carried externally, but
here fitted in through the side.

As sold, the prop, efficient as it is under power, does produce drag
when stationary, so those who want to make it fold like the largei
geared types may l ike to try the method shown in 15:17. Remembeito
check that blades wi l l  fold r ight back along the fuselage sides - the hub
piece must be wide enough for this. The blade pitch will increase with
the diameter, so trim from the centre.

Electric motors can be placed where convenient and the shaft taken
to nose or tail end. Sketch 15:18 shows a pusher layout employed by
the author, one of several variations. The brass tube is fixed but free to
flex slightly, for alignment at each end. lt is important to use thin piano
wire for the shaft in this example. Other shafts of about 6in. length have
been vain. dia., supported only by a short tube in the noseblolk.

Acorns geored unit
P ly  foced bu lkhmd

15: 16
Removob le  c ry l  f rm l /e "p ly

ght bottery
Ply doubler

Acms prop

15:17
/  F i l lw i t h  epoxy

189 oli or l/&4"ply srrips

Cleon.up  ond bo lonce

l8-209.  p iono wire
Si lver  solder wire in

Bol lroce

Plo in  beor ing

Siudding fo prop shofr

Outer tube
Bross tube unsupported lost 3"

Wide collets with two screws
Dr i l l  fo r  w i re

A l i  chonne l

Bross tube soldered to wire
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15: 19 Simple sheel crulch fuseloge

, l  \
Motoy'bottery unit Rolled poper tube for unit

l2v slol cor type motor

I
ogllryrg:9rrv49' I

con be used

15:2O U/C retoined w l69 wire teiher
orm(bend for trim)b ind ing  be low

Coils to ovoid frccture

o f  p ipe  nor  eng ine
ond tonk

Epoxied nuts

Nolch for pipe
C02 eng ine

15:21

Tonk uprighl l / l6"9ly p lote

Filler nozzle (hos to be pressed hord into chorger)

Free flight and others
Even smaller motors are sold, some complete with battery and prop,

for use in free-flight models. These run for a very short time and to get
anything l ike long durat ion the model should be l ight and simple l ike a
small rubber powered model.

Round-The-Pole flying is an indoor activity, requiring a circle of not
less than 10 feet dia. The motors are sold specifically for this type of
flying and plastic props are available for both direct and geared types.
A basis for starting could be similar to a very small control l ine model,
but there is no elevator control. The model receives 6-12v. D.C. via
enamelled copper wires and a collector brush system on the top of a
short firmly based pole. A model slot car speed controller is used and
this causes the model to climb on full power and descend when the
power is suddenly reduced. Sketch 15:20 may indicate proportions of a
1Oin. span machine. CO2 Engines are mentioned here because they
come into the free flight miniature class along with the smallest electric
models. Sketch 15:21 shows a typical engine mount and provides for
the gas tank, which should be upright, so that only gas, not liquid,
enters the engine. The fil ler nozzle can be supported by a finger behind
it, if a hole is left in the fuselage nearby, otherwise provide sheet area to
grip when refuelling the model. Duration models of up to 28in. span
can be flown and CO2 is suitable for sports and scale models including
'Peanut Scale', but at lower duration.

|/8" -t/4,,sheet

l/16"-l/8"sheet

Wires for
current

Airstreom lo pogs ovel
tonk  ond p ipe
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CHAPTER 16

'Foam' construction
Gutting cores
Reinforcement
Veneering
Joining

When veneered expanded polystyrene construction was introduced
for wings, some modellers adopted it as a short cut to the finished
model, kit manufacturers welcomed it and whole models were
produced by injecting the material into moulds for skinless almost-
ready-to-fly kits. Was this the end of balsa construction? VVell, toaml
veneer weighs more than balsa construction, is less adaptable to
compound curves and is melted by fuel and some paints. This chapter
shows how to adapt it to serve the model, rather than the reverse.

Sketch 16:1 shows a couple of typical applications teamed with
traditional construction.

For our purpose, a suitable sheet of expanded polystyrene foam can

16:1
Veneered fom toP blocks

16:2
Wir ing  toPed in

Hordwood frome

Cor bottery chorger
or cor bottery

,liill
I iir[
:'iiil
irli
ti;ri

{<

N i c h r m e  w i r e Glossfibre bmrd Plotes
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16:3

Reference lines on both femploiesBo*

Templotes pegged to foorn-

Locoting blocks

Poition mork

Fmm b lock
l /16"? lY  or  Poxo l in  imPlore

16:4

be cut to shape, with a hot wire bow seen in 16:2. There are variations
on this theme, even commercial examples, but the basic requirement is
that the wire is longer than the wing panel you wish to cut and deeper
than the deepest aerofoil section, plus a couple of inches. The wire
must be really tight.

Start with a pair of ply or Formica templates, identical for parallel
chord wings, or one for the root and a smaller one for the tip when the
panel has to be tapered. Divide these up into an equal number of
stations and stand a mirror near one end, so that after fixing the
tempfates in place, the bow can be slid over their smoothed edges
station-by-station, with accuracy and single-handed. Sketch 16:3
explains. lt will be observed that should one end of the bow reach the
end of its travel before the other is say, half-way there, the aerofoil will
have a hollow or over-thinned zone in it . . . The material is low in cost,
so discard 'mistakes' or use them for smaller parts.

It may be preferred to make the templates with 'lead-ins' as in 16:4,
which is helpful when the leading and trailing edges have to be wire-
trimmed for fitting balsa leading and trailing strips.

lf the veneer has to go round the leading edge; study 16:5. Copydex
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Pins  lo  loco te  core

Fi

-4 16:8

C homfer  veneer

Poc k  ing

Veneer  r igh t  round in  one P iece
Bromst ick  ro l led

-4
Veneer

Core

16:10

Sellotope ro mosk off --1 -\

Contoc t  odhes ive
(Copydex type)

ry
1 1 cn*r",

or similar adhesive is used and the veneer may be iAein. balsa, or
thinner obechi.  The paper is to prevent premature adhesion. 16:6
completes the job.

T*.o separate veneers (for top and bottom) can be applied by using
locating pins or stops on a perfectly flat bench. In all cases, make sure
the core and veneer are evenly coated with the adhesive. Mix a little
food colouring with it so that it shows on the white foam surface. 16:7
shows the-stages of applying the veneer. Treat each side separately to
avoid the fingers sticking to the core.

16:8 compares leading edge details and shows that the veneer is
butted to the strips - trim the veneer edges flush with the core first.

The trai l ing edge can be formed by the veneer alone or i f  thin can
have 1. ' /" : i \ .ply insert as in 16:9. undercambered and thin wings are
more flexible during the veneering stage, but packing helps to keep the
core warp-free and even rolling of the veneer avoids air bubbles
(16:10). where i t  is required to join the veneer at the trai l ing edge, a
stronger adhesive is recommended. Epoxy is compatible with tbam
but the Copydex acts as a resist. However, if the veneer is measured
dry a strip of masking tape or Sellotape can be applied prior to the
contact Copydex. Peel off the tape and apply epoxy aftei starting to
bond the veneer in place - see sketch 16:1 1.

Bore orm for epoxy

Bolso edges
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Thin wings may need spars in addition to the load bearing veneer. In
the interests of accuracy, a second core template can be used after
cutting to aerofoil shape. The one shown in 16:12 guides the cutting
wire at the spar position in addition to leading and trailing edges. In
fact, such a wing, sectioned in 16:13, can be covered with lightweight
glass cloth and brushed with €poXy, which will not melt the foam. Blue
foam is sold for modelling and is denser than expanded polystyrene.
The spar details come from a contest glider wing and include double
wire joiners and carbon fibre spar reinforcement (more about the latter
in the next chapter). Flat bottomed wings are easy to assemble each
side of a composite spar - compare 16:15 with 16:13, which has to be
packed up or assembled on a jig. Flat spruce spars can be let in flush as
in 16:16; in this case there is no continuous web but short pieces of
balsa dowel are epoxied into holes in the core (cut the holes with a
smaller dia. heated rod or tube).

Tailplanes can be treated in a similar way. 16:17 is a typical section
with or without carbon or glassfibre on the spar. Smaller models can be

16:13

B o l s o  L .  E .

16:14

l 0 s . r v . 9 .  A l i .
tubes forr,
w ing  io iners  I

| /32" pl,/ webbing (exf ends
20mm beyond o l l i  rubes)

Bo lso  web
(sponwise  gro in )

Corbon fibre

1e16
l / l  6 "spruce

#

Templo te  fo r  t r imming edges
ond cu t t ing  spor  s lo t

Remove fom "br idge ' \ " i th  shorp  b lode

Blue fom or exponded polysfyrene

Veneer or gfossf ibre Tepoxy skin -S-. ;.

,""'
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fi lm covered, but go easy with the heat shrinking (see Chapter 1g, on
covering). The strands of glass fibre, or carbon fibre epoxied-in, need
Aa9!ing lape or sellotape over them, whire curing onty, as seen in
16:18, to leave a smoother surface.
llowrpaper, of the water-resistant variety, {+}a*es a r€asonable
structural covering, but restrict it to the thicker type of aerofoil when
used on wings and tai ls.
Spars augment i ts strength in thinner sect ions, as in lG:19. The weight
of a veneered core can be reduced by fretting it out. use a very flne
tooth blade slowly and l ight ly (16:20). Scale model lers can apply
dummy structure over a plain veneered wing, then use tissue or fabric
to cover it . . . Looks good, see 1 6:21.

Part ial  veneering with %oin. sheet as in 16:22 should onty be f i lm
covered.

Joining foam wings
. A popular method.of joining veneered foam core wings is to gg"q-j_ein

!!"! with epoxy adhesive, then appry grassfibre tape'banoagi63""as i';
16:23. Although some prefer to use polyester resin ior this fin-al stage,

16:17
l / l 6 "bo lsc  spor

Corbon f ib re

Corbon or gloss tows

L igh ten ing  ho les  f re t -sown in  f in ished w ino

Fi lm or t issue co;e1lns wox l ight lv  ofrer

/2<\-/.- 
cietoirine i

Veneered core

t/32"sheet aetoit JGa

ii,;i
r,lifl'
:]l,iii

1623 
Epoxy /stossfibre
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Heovy gloss tope

L igrlrrweight glos cloth

1625

Corefully fothered edge
c blench strength ol

( - e

polyester melts the foam, so if there is a small gap in the veneer, the
core will be weakened.

A very secure joint results when strips of light glasscloth or tape are
appl ied to the leading and trai l ing edges, in addit ion to the two joint ing
fayers; see the plan view in 16:24. Dihedralled wingtips, or for that
matter, the centre join, can be formed by sanding the core faces vertical
and inserting a strip of pre-shaped balsa trailing edge as in 16:25,
before applying a narrow strip of bandage. Some modellers use
medical bandage or glassfibre bandage and PVA glue as an adhesive
for the joint. This is lighter and more resilient - not quite as strong,
though.

The reason for using two layers of glasscloth is to feather the joint
out gradually onto the wing veneer. A sudden change in strength
causes fractures, so does an accidental thinning of the veneer whilst
sanding the roughness off  the joint,  as has happened in 16:26. Masking
tape on the veneer prior to sanding and more care should result in a
section like that in 16:21.

El l ipt ical planforms are just possible (16:28) but hardly worth the use
of foam.
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1e29 Stroisht topered core Sheet rroil ing edge
cut to required plonfom
Aileron or f lop orm
con be  f lo t

Llot
rod dropped in

Wire guide loops

Ply  p ie rc ing  templo te

Io be cul ouf Pock

Hordraood

Core
vertico I

16. 1

In i t io l  ho les  we l l  c lmr  o f  edge

Veneer blended

16:33
However, if one is prepared to have a shaped flat panel at the trailing

edge and a straight leading edge, 'Spitfire'-like silhouettes can be made
as in 16:29. The sheet area can be used as flaps and/or ailerons.

Suppose the core is a large and thick. lt can be f ightened by making it
in top and bottom halves and wire-cutting sections from the centre,
leaving a wide strong, web. When joined, the wing is veneered in the
usual way.Another method can be used when the core is in one piece;
i t  is seen in 16:30. This entai ls threading the cutt ing wire through the
core from root to tip to cut out the centres. A heated length of thick
piano wire will make the starting holes for the wire, but to ensure that it
goes straight down and not out through the side, the iig in 16:31 may
be used.

Do not be tempted to just melt away foam to lighten it . . . the weight
remains the same. Get the scales and try it! lt has to be cut away.

Fuselages can be built with rectangular and tapered blocks, per
16:32. Rounding is more tricky, but joints can be blended on curved
cross sections, as in 16:33.
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CHAPTER 17

More materials
Cardboard
Tubes
Twinwall
Epoxy/glass
Kevlar
Metal

This is where the old joke about forgetting the kit and flying the box
comes to life Good quality corrugated cardboard has been
successfully used in building simple radio control models. There are
several types of board, as will be seen in sketch 17:1. The building
technique starts with t7:2 which shows a flat bottomed wing; the
cardboard takes the place of sheet balsa and is rather heavier, but the
rib spacing may be wider. The double skins have to be bent in a series
of flats, so the aerofoil section is rudimentary. Flat surfaces, such as
taif s, however, are easy, as in 17:3. Note the edge treatment and use of
double strips of balsa at the hinge line.

El 16; .L wrer sk in
5

17:1

150

17:2



To make a be4d, cut a narrow slit in one skin, preferably the inner
one, as in 17:4 and fold. This bend, along the coriugations, is useJ in
the curving of the top skin of wings. A wider sf ice is iaken out from the
ill"jJ.gejor SO'tglds such as are usql1rlolming q bo:r segllon fqr ifrerusefa_g_e. Brown gumstrip paper reinforces the PVA glued joint, as in
17:5. More acute bends, as for example, a wing traili 'ng edte, .6n u"
made b_y agtua[v crushing the inner corrugatiois andi lr i ig 'rr . in-to-
skin as in 17:6. To joil at a corner, prepare t-he edges wit-h straigni cuis
and butt to a strip of balsa of the same thickness.-AOO gumstrif, insiOe
and out, as in 17:7. To kink across the corrugations to make the
transition from parallel to taper, in fuselage sideslslice thiougn alm;st
up to the other skin. g"ld gpen and sand away the cut edgi slighily
with glasspaper folded doubie. Glue and tape over when dr!,  al l  Zr in
sequence 17:9.

Cut  one boy  w ide

17:4

/ 17:5

17:8

17:9

Fold down , odd second loyer

Glue  f i lm or  epoxy
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1T:11

Noseblock
/a Hat ond squeeze

to chonge sect ion
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17:.13

Formers can be made from the cardboard or balsa, but ply doublers
will be needed to support engine bearers if it is a power model. Balsa
strips are recommended at least around the wing seat, where the wear
and stress are highest, see 17:.10. PVC. rainwater pipe makes a
serviceable fuselage, as in 17:11. The shape can be improved by
tapering and fil l ing the rear part. The material will soften under heat
and can then be squeezed to form flats.

Plain white card can be rolled into tubes and cones for fuselages
('Prop Secret' was made like this, so was a Brabazon, Comet and
Hermes). 17:12 explains.

Tail booms are catered for by specially manufactured 'Ronytubes',

available in a wide range of sizes - they taper and are made from
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instruetirens- Ssme need a soloeoiitype adhesivs which will mar the
*{tl_1jl !,nilt. A useful dodge is to tape the parts together at intervals,
then introduce the adhesive between ihe tape stripr."wr,"n ,"t, 1.u1nou"
the tape and f i l l  in the spaces i t  covered. l iZ: lql .

Expanded polystyrene ceiling tiles, or tfricker sheets of this material,
ma.fe simple flat-plate moders, which, surprisingly, ffy quite weiiunoe,
radio control,  or in free-f l ight;  see t l : lS. dsmaller version (and
ta i fp fanes too)  can be made f rom'Feather l i te ,  Kapa board, , "6  r7 :16,
Twinwall  plast ic,.as sold for garden glazing, is another f lat substi tute.(17:17). Even wallpaper insulation w-orks f6r small tree-riighi models
and indoors - 17:18.

glassfibre. Dural arrow shafts are usefut too and can also be used astorque rods on large R/C models, see 17:13.
Some kits contain fuselage half  shel ls in vacuum formed plast ic.

These need joining with the appropriate adhesive, J"i-riaker,s

17:14

17:15
Ver t i co l  g ro in
' l / l6 "sheet  

edge

Erown poper  o r  f i lm cover ing
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17:17

Twin  . ro l l  p los t i c  (gorden f rome g loz ing)

boord  (Ar t  d isp loy  supp l ie rs )

17:16
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l / l6 "sq .  bo lso  edge
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Fuselages and tail booms for small light models can be made from
polrTmerfitm tracing material (drawing office supplies). Th". basic
seciions can be formtd from a single thickness of film and end plugs
from balsa or expanded polystyrene can be inserted to retain the
shape, see 17:19. The film is available in a range of thicknesses.

Perhaps the ultimate in construction is in the forming.of- epoxy glg.ss
wing skins, which need little or no core or ribs to retain their shape. The
top ind bottom skins are load-bearing and each is formed separately in
its own mould. Each skin is double skinned itself, having a thin
expanded polystyrene core. The finished section is seen in 17:20 and
the moulding set-up in 17:21.

Kevlar is anothei new material for laminating with epoxy and is
lighter than glassfibre. One World Champs entrant formed a 'D' box
teading edge over a hardwood 'plug' mould. lt is suggested that a thin
flexibl6 m6tal outer mould is applied to provide pressure while
moulding. The rest of the wing is balsa and terminates in a spar web to

17:l0
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complete the box structure, which has no ribs. sket ch 17:22shows theassembly and 1 7:23 the.ouiJr.
Aluminium and du.rar rn""i, iitho prate and thin durar foif have arl

[::]H:,1 3,"yl: ? f,l' 1,r, :l l,Jig ; ; tI i i ; ; ;:. 
.i 
n, o,' " a p p r i c a t i o n s i tis laminated ontoifrin Uafsa;;;" 

qo ro, rruoms. In some applications it
web structure as seen in r?.";t l?lgiPgTvrlhgl lgllgugr" 'toano
beintfi;i;i-*s'F 

Hr tt:t*: tns rrleraf should form-both skin;
tamination* sr'llrl:?,1:.n^,"^gs_?^uv leavinJ Jsmall sap in the bafsaraminations.strandr.it"*"rrliidJ,;H[Hri#i,i"?li"J[,,??.T:T
such a wins is hishty ;;il;;ito warps ,nJ r,r, a super finish.These fasi few lechniqu;r ;;" presented here for inspiration, sinceone has to be a dedicat;d d;i"st modeter to go to this amount oftrouble to make ? .mo.de!. a";;; event, the design of the moder needsproving thoroughrv before ; ;;;";;;"ir* mad" of it in these
ffiTi':l.,i ffiidtJ::i;:"'.'u not trre sort or ining ir,.,l", can chop
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CHAPTER 18

Govering and finishing
Tissue
Nylon
Film
Surfacing
Painting
Decoration

The covering of open frame structures adds rigidity and strength, as
well as keeping the air from 'blowing through'. For many years, doped
tissue paper has been favourite for light free-flight models, some
lighter control-line models, small R/C and electric models. Jap tissue
was much used when easily available, but is now virtually replaced by
'Modelspan',  which has a rag content and is avai lable in l ight and
heavyweight grades. Time was when many colours could be bought,
but now only white, and occasionally black, are easily obtainable. The
trend towards radio control brought with it various alternative cover-
ings, some of which are too heavy for the lightest of free-flight models.
First, then, to apply tissue.

Each wing can be covered in a series of separate panels, cut about
1in. oversize as in sketch 18:1, which shows the order of f ix ing. Where
there is dihedral, the top sheet ends will have to be trimmed to fit at a
slight curve.

->
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covering ponels

Next brvshful

The adhesive used can be thinned down p.v.A. glue or thick
wallpaper paste a-pplied sparingly. Do one panel at a ti ire ano lay it
down as in 18:2. Make sure the tissue sticks to the undercamber of each
rib (if the aerofoil section is undercambered, that is).

-Keep the spanwise tension, for tautness on the convex surfaces - top
of any wing, and bottom as well on those of bi-convex aerofoil section.
Sagging covering changes the aerofoil section to a thinner one (1g:3).
^ While. dealing with simple shapes, consider the flat sided fuselage.
cover the sides, using the same method, and fold over the waste,
trimmed to ,/ein. overlap. cover top and bottom and trim flush.

where the sides change to a curved cross section, taper the ends to
af fow the tissue to curve and fil l the spaces, all as in 1g:4. curved tips
are notched to fo-ld neatly, as in 1g:5 and protruding dowels dealt with
as 18:6. Edge trimming can be done using a strlight edge or with
greater care freehand (18:7). Tissu_e is then sprayed witn witer gently
and allowed to tighten. Next, cellulose dope is used to shrink it flrtner
and airproof and strengthen i t ,  see 1g:9.

Botlm or toP

Avoid cutt ing wood
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The bottom surface of each wing or tail panel should be doped first,
using the brush stroke pattern just shown, so that the dope goes on
evenly. lt will now dry before the top surface, which is treated in the
same way. Lightweight models need the dope thinned down with an
equal, or less, quantity of cellulose thinners, otherwise the structure
will suffer. Two or three coats are usually enough. Pin or strap the
component onto a flat board when touch dry, until the shrinking is
complete (several hours or overnight) 18:9 shows it banded down and
18:10 pinned. The pins do not go through the wing.

lf the wing or tail shows wrinkles when forced down onto a flat
surface, you can be sure that it has a warp or will soon succumb to one.
18:11 and 18:12 show how to identi fy which way i t  wi l l  pul l .  To correct
and give the surface a nice polish, rub with a rag dipped in thinners as
in 18:13. Holding the offending area in steam whilst twisting it to over-
correct will also help.

Film covering
Heat-shrink plast ic f i lm is avai lable in bright colours and can be

lighter than heavily doped heavyweight tissue or silk or nylon (which
also have to be doped). Marking out is done per the last example, but

L 'E '  
wr ink fes  ind ico te  *o tx i ^  

' /@

'rrrfu, "ri,

1&11

{:t

Srroight edge

P i n  o t  o n g l e  t o

m i s s  i h e  w i n g

Wrinkles indicote worhout

Direct ion of rubbing
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yifffi,f:T,f il:f8. 
meet at the edse put a reference mark as in 18:14

f, :ff ? I I lLTf"t,H:[:i I ?,: I g i:T i:: " lg_ts, l h u q u,p os e or ri x i n s; i]j ;l H f,,li f; ,li' r;? : :,1",:* i g lii: ri ;.TJ, I'E ?,Tl ff fr , TJI Til g
lg,1+:,*ljJllrggl!i'-'1-lJ#lHnil[it?lll?e, ji;[#fl :J,p

I,oo ooe'.v n"rt i" tdGil;: ffiJffii3"il:f
Tacking is a right appfication of the iron to fix the materia!temporarirv. A 

:?gi tr..\,i[rio;"yents it skiddins about. 18:16 showshow to start a wing or tair: curied ,r"", nl"Jir.ili'g, so have prenty ofsurprus firm to srif as in re:ii. T.lir tii;k;#iinr" practice, but whendone neatrv, is luiprisi"giv 
"*"ry^1 
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Cut the film as in 18:23, then guard the opposite edge with a piece of
card as in 18:24. Concave areas like wing and tail fi l lets should be
rubbed down firmly while hot, as in 18:25, otherwise it may shrink clear
in a series of flats. To apply a contrasting colour, or to patch, adopt the
method shown in 18:26.

Preparation for painting
This procedure goes right back to the humble chuck glider. Any

unprotected balsa will absorb moisture, get dirty and probably warp, if
it is not protected with at least a few coats of clear dope. The sort of
finish obtained depends on the initial surface preparation. For light
sheet models, try this:

One coat clear dope, light sanding, 2 coats sanding sealer, sand really
smooth, then one or two coats clear. The sealer fi l ls the grain and the
dope bonds the hairy bits of the surface together. Alternatively use one
of the special modeller's acrylic primers for balsa: this seals and can be
sinded ready for clear dope or painting. lf the bare wood is given a coat
of pr imer, any grain which would normally show under l ightweight
tissue should lie flat.

It is customary to cover bare wood with lightweight Modelspan prior
to painting. This is applied either by the methods described earlier, or
by brushing clear dope on, then after positioning the tissue, brushing
more dope through it to bond it in place. Even thinners works if there is
enough dope underneath. Primer can also be used, so can diluted
SANDABLE P.V.A. glue. You now have a fairly smooth base . . . avoid
over-sanding this, it will expose the wood.

Seol  ing  i ron  t iP  -

Fo ld  in ts Cord
insu lot ion. - - l

18:23 18:24

18:25
lron down with rounded tip

Rub w i th  c lo th  wh i ls t  ho t

Fo ld  bock

[l,|.*,,,,*,,,,'V*U'"'.,
. '  Cord  s l id  under

f  i rs t<over  ing

l=\
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Surfoce of f i I I er

Hol low shows

)

Brmk th ra ;gh  Remoin ing  ho l lw

I

I
i

18:27

what follows can be done over nyron, sirk or gtassfibre crothcoverings but keep it away from bare torrn i"*panded polystyrene).The filler ir 
?_Tjfyre of polyester resin (and hardener) and microballoons' The latter are an'extremely light'iil i", and look like whitepowder. Appry severar thin coats with r 6rr"h or pad and sand reailysmooth. Re-coat any areas where the fabric oi tissue is exposed and re-sand carefulry. Micro Bailoons mixed to 

" 
ir,i.k paste with poryesterresin makes excellent fillets.

From then on,.it is.just a question of apprying a ceilurose or otherprimer compatibre wiih ttr" f,iint, r.rnoiri-f,Jnd going to it with thecolours' 18:27 shows some miinitieo seciiJnr of ft" finish in progress.
Brush or spray

cellulose, the traditionar moder finish, is not as easy to appry bybrush as other pa.ints; it drajs ano picls'up,'iiou"r-urustreo. iust rayeach stroke onto the last, on-." only'ano leive-it as in tg:2-g.'liyou,vepainted the house. well, you can paint on -ort of the other and fuelresistant paints sold for modelling. 1g:29 
""ptrinr.spraying_ d9ne.1dg, on the tvp".-ot rprrv gin L, modef fer,s airbrushvou have. Basicarv.!h-" paint nieos to'be i^i*"i, ;";;;;t"oiv morethan vou think, untit it iprays *itr,oriJi;i;; ;;rumbry ,orange pee'finish. of course spray cans are there ,i . pii.". In any event practise
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first, start clear of the job, and move evenly, turning clear of the end
whenever possible as in 18:30. For lining, a draughtiman's ruling pen
can be used as in 18:31, fill ing in with brush or spray (after masking).

The draughtsman's rule pen can save a badly masked and spray6d
area. Get crisp end and corners by masking for the pen as in 19:32.

whenever doing any masking for spraying or brush painting, seal
over. the edges of the masking tape with the same colour as you are
masking out . . No, not the exposed area colour, the colour to be
covered up. Got it? This seals the edges, and if any paint does run
under the tape, it will be the same colour as the background, so it will
not show. The new colour only gets as far as the masking tape edge

18' 1
Apply  so lven i
r o  c o v e r i n g ,
no t  le l te r

Cut through
troc ing ond
or  l i ssue in
one slroke

Sproy top coot

Letter
bose

sproy clor over lo seol. .--__
Peel  o f f  le t te r

Sproyed colour
o f  le t te r

Srripes for length 
-

1&35 Sky colorr Colour l ines

Stenc i l  pos i t ioned ond sproyed bockground
colour to sml edges ,,-,;{.,
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Groduo led corners
Groduoted  fu l l  dep fh_

-t8:36 1832

now sealed. Always put dark over light for better coverage and avoid
incompatible colours: some even blJed their colour into ihe following
one. .  .  test i t  f i rst .on a scrap or old model.  Now let 's do letter ing anI
tr ims. Tissue letter ing can be cut out as in 1g:33, so can f i lm. Dope onthe former, apply solvent to the film surface before positioning tnelatter. Film can be slid around easily if a light smear of washi,ig-rp
liquid is used. lt dries out and avoids wrinkies - try it on decals too.
Masked and stencilled letters appear in 1g:34.

Ghanging the appearance
. study the wings in 18:35 for inspirat ion, i f  the wing you have is not

the shape you would have liked.
. Fuselages too can be given the 'trompe l,oeuil, treatment, darkening

the corners to give them the appearance of being rounded as in 1g:36,
or fulfy graduate{ !o appear round or oval as in 

-1g:31. 
A prictised eye

and handiness with an airbrush helps here. The rather siark tuselaie
side views in 18:38 h-ave responded in part to cotour ,.r,"-", but a
slight modification without changing the flying characteristics would
have combined with colour rineslo give so-eihing better.

Given a reasonable shape, the Jttitude can G made to appear
dif ferent by angl ing the colour scheme l ines as in 1g:39.

These notes have been brief, but derive inspiration from other
models and ful,l-size machines. rt would be a sad world if models were
uniform.



CHAPTER 19

Propellers for rubber power
Pitch plotting
Garving
Folding blades
Prop stops

some model plans give details of the 'blank' of balsa wood from
which to carve the propeller of a rubber driven model. others may
s_pecify a commercial equivalent in plastic, usually the smaller variety.
Others merely specify diameter and pitch. How then does one establish
the correct blade angles, which, it will be noticed from other examples,
start steep at the hub and change to a flatter angle at the tip? lmagine
any part of the prop blade making one complete revolution. The
distance it will travel forward in that one turn is the pitch. Now it should
be obvious from sketch 19:1 that if a piece of paper is rolled to make a
tube of the tip diameter and cut to match the pitch length, a straight line

19:1

Pi tch  ong le  (d is tonce t rove l led  fo ruord  in  one revo lu t ion)

- l/2 prop dio.

\4ore pirch-+lLess  p i tch

Some b lode smol l  hub

1il
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can be drawn from one corner to the diagonally opposite one when it
unrolled and is laid flat. This is the pitctrangle, as'in 1g-.2. The pitch
angle is thus a combination of circumference (not dia.) and length
travelled (height). Some modellers may modify the pitch unknowinily

- wh€n eusingF+normaffixedletadeprogtomake-afofu ng version. Hori
much is lost or added by the hub will promote this change. f 9:3 shows
wla! happens when the hub is reduced and 19:4 when t6e hub is large.

Trimming the tips of the prop after enlarging it with an oversize frib
will not reduce the extended pitch at all, soleave the tips alone and cut
the root ends to accommodate the new hub.

A prop can be laminated from strips of balsa spread as in 1g:b, using
a line drawn from corner to corner at the tip to'match the pitctr anglE
(chosen and plotted on a strip of paper). Note how the centre of i-he
laminations is reduced in width - this set-up is nearer to what is known
as true geometric pitch, but for practical reasons, cannot be taken to
zero at the centre. 19:6 shows a simple blank from one piece of balsa.
Note how weak it is at the centre. 19 7 is deeper and has the ends
thinned to bring the end to the correct proporiions to suit the pitch
angle. More refined is that in 19:g where the hub is reduced a litile to
avoid the aerofoil section being too thick there. The tips are also
reduced on both front and back as well as being tapered in side view.

19:5

19:6

19:7

T ip

\

\
tffil

I ips th inned

d
I ips thinned frm deep centre

Stock of lominolions spreod
to  su i t  requ i red  p i tch  ong le

Cent re  ond t ips  th inned

19:8

165



Rectongulor block
morked ol19:9

l:J',,:i::::l::'i," 19:1 1
enoble them lo be re-

eslobl ished on cut foce

Now let's start carving. Remember that the prop usually rotates in a
counter clockwise direction when viewed from the front. This means
that from the back, the leading edge of each blade will be on the right
and furthest forward. Twist a strip of paper in the fingers to prove this.

Mark the block out as in 19:9. The widest part is usual ly at mid-blade
and the deeper the block, the higher will be the pitch for a given width.
The angle of this diagonal can be checked from half the length of the
base line {circumference) on the diagram in 19:2. This governs the
overall cross section of the basic block. The tip angle can be marked on
the ends, resulting in a rectangle (shown shaded). The initial cuts to
taper the block, as enlarged in 19:10, wi l l  remove the guide l ines, so to
arr ive at the shape in 19:11; i t  is wise to carry al l  l ines over the ends, so
that they can be re-drawn on the cut faces (19:10) prior to finishing the
tapering.

The next step is to mark the back and front faces for reference near
the centre. The first part of carving proper is the flat back surface of
each blade, which goes from corner to corner. Remember too, which is
the leading edge.

Some of the hard work can be reduced by making several sawcuts
with a fine tooth saw {junior hacksaw} as seen in 19:13. Cutting away
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Diogonol sowcuts neor lo corners

19:13

Root ond tip

ong les  cmpored

Su i tob le  t in  con

Bind  in  p loce  w i th  so f t
string ond tope ends

Corved reor  foce

Leod ing  edge

Mid  b lode ono le
Dtooe r@l

P i tch  /

Dry in
s low
oven

| / 32" sheet lom i notions

(2  fo  smol l  mode ls ,  3  fo r

l 4 i n .  o n d  u p  p r o P  d i o . )
A p p l y  w e t  w i t h  P . V . A .  g l u e

Cmmerc io l  ny lon  h inge in

19:17
19:18

C h e c k  i n g  i i 9

s,o,s""-ffi6rff:
l a -  Notch  to  key  b ind ing

the intervening wood with a wide bladed penknife produces a flat but
helical surface. The opposite surface is then carved away to an aerofoil
section, thickening towards the hub for strength. A slight undercamber
can then be sanded on the rear faces, checking with cald templates and
calipers and by holding up to a bright light, tobbtain a similai thickness
and balance on each blade. The shaft hole is best made before the
fronts of the blades are carved.

Moulded props
A quick and economical method, if not as accurate, is to obtain a

suitable tin can, old saucepan, or stoneware jar for use as a forme.
Work out the relative tip and root angles of the prop blade (these blades
are usually intended for folder props).
- Take tangents to the surface of the forme and position laminations as
in 19:14.

7-/

:?,t4,

l /32"ply root focing

Ply  hub chonne l

Hord bolso core
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Check the f inished blade on a j ig derived from sketch 19:2 as in 19:15
and build up the roots with triangular strip, re-sanded to set the root at
the correct angle {19:16}. Blade hingeing can be simple for small  props,
thanks to R/C hinges (19:17!. ,  or more substantial  as in 19:18.

Other hubs are showh, e.g. 19:19, which has to be assembled around
the blade roots. Note how the root matches the hub section'for ease of
setting up the correct angles of pitch and true running of each blade.
That hub has to be wide enough to allow the blades to lie close to the
fuselage when folded. lf it is too short the blade tips will stick out and
produce drag. Too wide and the blades will not fair in neatly.

Sketch 19:20 shows a piece of alitube slit and bent to form a hub. The
blades can be shod with tube of the next size down, or bound with glass
cloth and epoxied. 10BA bolts can be used as hinge pins (19:21).

Some designs have single bladed props, the blade being balanced by
a counterweight which can be bent back slightly to obtain smooth
running under power. Sketch 19:22 shows this. The blade can be
retained by a fine wire'keeper'or piece of plastic tube pushed onto the
wire hinge pin. The pin faces the direction of rotation, for safety.

A double blade version has a separate hinge arm bound and soldered
to the shaft after the latter has been formed to make a loop (19:23).

Bind with threod or

gloss cloth ond ePoxY

192.

Tinp lo te  h inge b ind
ond epoxy to blode

l89.  p iono wire
bind ond epoxy
to hub

Aluminium tube

1921

Shoft forms hinge orm

1923

Blode keepers

2 0  s . w . 9 .

Lod bo lonce
weight

Bend to  f i t  h inge orm

l 6  s . w . 9 .  s h o f t

ff-
Aluminium tube or
epoxy cloth binding
io blode root

Bind o l l  w i re  io in ts  w i th

fuse  w i re  ond so lder

Woshers

Bolonce om

l 8  s . w . g .
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Dr iver  o rm ond
shoft movs
foruord

Siop screw

Moin  bush S\oft forms
slop orm

Pressure of shoft
d r iver  om Preven is
s top  p in  mov ing

Bross tube

Rubber  bond b ind ing

Stop peg or  ho le  in
foce of noeblock

Moin bush

19:25
5top spring

19.24
Bross tube Loop for  "S"

hook for motor

1

Plos t ic  tube cover ing

/ R \ p
View frm reor

Noseb lock  moy be
orsembled  in  2  ho lves  to
o id  w i re  bend ing  s foge

209.  w i re  s top  spr ing

Cmmerc io l  p los t i c  bobb in

B i n d  t i g h t l y  w i t h

moll rubber bond

19:26

\:}r I
,  . \  R u b b e r m o t o r

Hord bolso wedge

In both these examples the blade roots have wire pins to rest against
the centre of the hinge arm to prevent the blades leaning forward.

Earlier models had free-wheeling propelfers, but these produced
more drag when the motor run was ended. The windmil l ing blades
promoted unwanted turbulence. A few models had feathering blades,
but this was considered an unwanted complication. Some of today's
experts have devised variable pitch props to take advantage of the
varying strength of the motor as it runs down; these may also fold.

What rs important is the need to stop the propeller rotating at the end
of the useful power run, so that it can always fold at the same position,
so preserving the glide trim. Most systems rely on a spring overcoming
the pull of the now slackened rubber motor. 19:24 shows a traditional
method, where the shaft is pulled forward.

More effective is the 'Montreal' stop. This has a stop pin which is
spring loaded to slide back and engage on a peg or drop into a hole in
the noseblock. Sketch 19:25 shows the construction. The pin is pulled
forward after winding the motor and the pressure of the shaft's driving
arm, which might normally be placed on the hub, jams the pin so that i t
cannot slide back untilthe power is exhausted and its hold relaxed. The
shaft does not have to slide, so there is less chance of it bending or
upsetting the balance.

The motor can be carried by a wire 'S' hook covered in plastic tube to
prevent it cutting, as in 19:26, or taken over a plastic bobbin on an 'S'
hook. The advantage is that the motor runs true and can be wound
without the propeller assembly. Hook the latter on before freeing the
winder thoughl .19:271. Small models can just have a plain hook on
the shaft, protected with plastic tube.
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CHAPTER 20

Linkage tips
Gontrol line
Radio control
Free flight

One of the prime requirements for reliability in control-line models is
the correct mounting of the control bellcrank. Not only does this have
to be securely mounted, so that the model/control-line link withstands
many times the 'G' force exerted by the model without failing, but so
that the bellcrank is free to pivot easily and without slop, to ensure that
the control is positive at all times.

A basic bellcrank shape is seen in sketch 20:1 and is typical. Note
how the distance between the pushrod and pivot is less than the
distance between the control lines and the pivot. Sometimes there is
the option of u_sing an alternative pushrod hole to make this difference
more pronounced.

When the bellcrank is mounted on a bolt, a piece of brass tube should
be used to form a smooth bearing, as in 20:2, rather than allowing the
bellcrank to run on the bolt thread, where it would soon wear to a
sloppy fit.

20:1

2O:2
Bmre plote

Lock ing nuts

2O:3
L  . -

S leeve

Pushrod to elevotor

Nut soldered to bross bellcronk
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Pushrod

' i I

Soldered wosher

Bend r igh t  over  ond so lder 20:6
2 2  s . w . g .  p i o n o  w i r e  k e e p e r

b ind  ond so lder  to  pushrod

Keeper presses Pushrod
end ogo ins t  ho le  edge

2O:9 ENLARGEDVIEW 2O:1O

Sketch 20:3 shows an extra ply mounting plate for better security, not
forgetting the bearing sleeve of course. Sketch 20:4 shows how a brass
or steel bellcrank can be soldered to a nut, so that it has a better bearing
surface on the bolt. The fact that the bellcrank will rise and fall
fractionally on the thread is insignificant compared with the advant-
ages of being self-retaining and matched to its bearing surface.

The wires which come from the bellcrank to connect with the control
lines themselves are called 'leadouts'. Where these are of thin piano
wire, the connection can be made as seen in sketch 20:5. Yes, the wire
will wear the hole in prolonged use, but as the leadouts and control
l ines are under tension in f l ight,  the result  wi l l  not be sloppy control.
Holes in the bellcrank can be bushed with scraps of brass tube,
soldered i f  the bel lcrank is steel or brass, but i f  i t  is aluminium al loy or
dural, the bushes should be riveted over at each end to secure them.
Some modellers fit a pop rivet and dril l it to suit the wire.

The elevator pushrod can be retained by soldering a washer when in
situ, as in 20:6. A more workman-l ike job is made by using a
commercial ball l ink (often adjustable) as sold in model car or radio
control departments of the model shop l2O:71. The other end of the
pushrod can be retained in the elevator horn b)'fitting it with a 'keeper'

wire as in sketch 20:8. Control horns were discussed earlier in Chapter
10, but bear in mind that the wire pushrod end should be a smooth,
slop-free fit in the horn hole(s). Where space does not permit
conventional horn and pushrod linkage arrangement, the bent wire
system may be used, scaled up or down to suit the type of model- see
20:9. The elevator horn may wear after protracted use which will
introduce sloppiness into the system; sketch 20:10 offers a solution.

2O:8
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Vibration can also cause the leadout wires, rulrning within the wing,
to wear pieces of the wing,ribs away, resulting in a wing that contains'confetti' and shows up badly when tissue or clear fabric doped. Scraps
of Paxolin will provide wear-resistant guides as in 20:11. The same
method is useful on aileron pushrods in radio control models. At the
wingtip, leadouts can be supported in the correct position by a wire
guide which serves to position external leadouts as seen in 2O;12.

Internal leadouts can exit through the wingtip via brass tubes.
The fore and aft position of the leadouts can be adjusted to obtain the

best attitude of the model in relation to its lines (i.e. nose-out or nose-in
to the true tangent that it makes with the flight circle). The method
shown in 20:13 should enable the model to be correctly set-up.
Rounded blocks can be fitted, slbtted and hollowed on the line-side tip.

Goupled flaps
Stunt control line models can benefit from the use of large trailing

edge flaps on the wings, arranged to go in the opposite direction to the
elevator, so that the model derives extra lift to help it around sharp

Leodout or pushrod

Poxolin or Formico

2O:,11 Wing r ib

Coptive nul

20:12

2O:15
Drive pin in
bel lcronk move
slotted orm

Elevoior pushrod

in bel lcronk

Be l lc ronk

Slotted orm pivot

- Pushrod to flops

\\\i

R s

Wire leodout guide-
epoxied inro rip block

Select hole to set f lop/elevolor rotio

Be l lc ronk  p ivo l
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20i:17
Conlinuous piono wire Pushrod

Bind  w i rh  lh reod
ond cemenl

2
Hord bolso striPs io guide Pushrod

2O:2O

manoeuvres. l t  is usual to have the f laps moving through a smaller arc
than the elevators, and the linkage seen in 20:14 is typical.

To avoid excess flap angle at maximum elevator throw, while giving
plenty near neutral, a more complex l inkage can be used;20:15
expfains. Compare the relative moments with 20:16.

Pushrods which bend will reduce effectiveness. Wire pushrods on
C/L models can be stiffened with a strip of wood as in 2Ol.17. Where the
pushrod is wood, with separate wire ends, as is often seen on radio
controf linkages, the firm joining of wire to wood is important. 20:18
shows an improved wire bend to prevent uneven seating of the wire.

Finishing off with thread binding and epoxy or even balsa cement
can be done as in 20:19. Heat-shrink sleeving can be used if tight.

It is often convenient to make large cut-outs in fuselage formers for
installation of the pushrod, then when set, up guides can be added as in
20:20. Open frame fuselages can be given guides in a similar manner,
see 20:21. Be sure to allow clearance for the pushrod(s) to move
laterally to accommodate the movement of the bellcrank or servo.

Pushrods should always go in as direct a line as possible. lf the
fuselage dictates a crank in the line, the wire part will most probably
bend and lose movement120:22). Note how in 20:23 the wire is on the
outer side of the rod and bends are minimal.

Trop end under wire

20:22
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Tube and cable linkages (sometimes called'snakes') are a convenient
means of linkage in R/C models, but make sure that the tube or cable
outer sleeve is secure, either by gluing it to the fuselage side at
intervals or to the formers. Avoid unnecessary bends in the cable (it
stiffens up the movement) and be sure to fix it at both ends, otherwise
the inner will try to stay stil l and the outer creep fore and aft.

Sketch 20:24 gives some guide-lines.
Builders of contest R/C gliders have on occasions found that a plastic

fuselage boom or the fuselage itself had a different coefficient of
expansion to that of the control pushrod to elevator or rudder. This
gave unwanted control neutral shift when the model was in hot or extra
cof d conditions. An answer to this can be seen in 2A;25. Here, the servo
is supported on a 'return pushrod' of the same material as the pushrod
itself, thus the fuselage is independent of the system and the 'return

pushrod' and pushrod expand at the same rate, resulting in zero neutral
change. Note that the servo is not firmly attached to the fuselage, so the
latter can move as much as it l ikes.

Auto rudder
Free flight models may also need linkages, the simplest of which is

the auto rudder on towline gliders. The purpose is to keep the tow
straight, then change to circling flight on casting off the towline. There
are various methods, of which that in 2O:26 is typical. lt does not

Stro igh t  os  poss ib le

Cot ton  t igh i l y  bound
ond cyono 'ed

Bolso gussel 20:24

Servo  gu ide  p in
Servo  s l  ide

Return rod fi

2Q:25 Return rod fixed to servo

Return rod, some lengfh ond moteriol os pushrod 
plosti) frseloge 

to fuseloge here

Rubber bond Inseri pocking to 3et tor ond glide trims

\ .
Threod to r ime rs to r t  #

\ Woshers or lop \'-

Bind ond ePoxY

to  p ly  ins ide

,e
w . g .  p i o n o

towhook

2O:26
1 4  s .

wire

Aulo  rudder  l ine
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Timing d iscs
T imer  mechon ism

Adius tob le  t im ing  d iscs  Bross  p lo te  f i xed  to  t imer

Bross tubes
soldered to

To eng ine
f lod-o f f
o r  cu l -ou l Scroll for

u/ | ttmtng

2027 - Y:'" "':n::' I-  
5c ro l l  g rod :o l l y  w inds
D/T t r igger  w i re  c lo r

To i lp lone

T imer  b roke p in
G Slreo.er

Limit  thrmd

2028

impose a load on the l inkage whilst towing and if the f l ight is to be
limited by a clockwork timer ('dethermaliser'or D/T), the timer does not
start until the model is free of the line, when the flight is officially
begun.

Contest power models need a timer to cut the engine as required by
the contest rules. Earlier machines relied haphazardly on a limited
amount of fuel, but the sure way is to use a clockwork timer specially
made for the purpose. These timers also have the facility for 'DIT' as
well. Contest modellers have devised various methods of changing the
flight trim during the power-on climb. The timer is made to first cut the
engine, either by flooding fuel into the carb, or by breaking the
supply. Almost immediately the tailplane changes to a negative
incidence and sometimes the rudder setting is changed too; finally,
much later, the tailplane is allowed to pop up into a steep negative
angle for D/T action. There are many permutations of mechanical
triggering to arrange this sequence, referred to as V.l.T. {variable
incidence tail). lt is stressed that these systems are for the contest
experts, requiring 100/" reliability of the engine and skill in launching,
otherwise the model will probably wreck itself.

Sketch 20:27 shows just one of many methods of making one timer
perform the sequence and 2O:28 the tail end release mechanism of
V.l.T. and D.T..

i l i

ifr

To t imer POWER ON Boih oms spring lmded

DETH ERt"{AL ISED
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CHAPTER 21

Rigging and checking
Truing up
Balance
Gontrol surface check
Rigging aids

lf a model has been assembled with its flying surfaces misaligned or
if those surfaces are warped, then its performance will be poor or it
may even be impossible to trim for proper fl ight. First an 'eyeball check'
. . . Look at the model head-on. Hopefully it does not appear as in sketch
21:1. Remember what was noted in Chapter 2 regarding washout and
wash-in and its appearance. lf at first sight the model seems to be quite
true, align it with a known level line behind it, such as the edge of the
ceiling or windowsill. Tilt the nose up or down to check the tail in
refation to the wings, as in 21:2, though this will not show that the
fuselage is misaligned to both.

Some free flight models are designed with deliberate variations in
alignment, for example, the tailplane of a rubber powered duration
model or a contest power model, may be tilted in relation to the wing to
promote a natural turn, as seen in sketch 21:3. Such models have the

Wing smt  t i l ted

Toi l  sst  t i l ted
Wosh-in

21:1

21:2

Undercorrioge legs
not molched for ongle
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VIEW FROM REAR

fo i l  t i l t  p romotes  tu rn
(more  pronounced w i th  o f t

cen t re  o f  g rov i ty  ond
lo rge  to i lp lone)

21:4 W i n g  o n d  t o i l p l o n e

p o r o l l e l ,  b u i  b o t h

s lewed on fuse logeMeosure  f rm eoch t ip
o t  leod ing  ond t ro i l ing  edges

t>
-/l

C h e c k  w i n g  s m t

21:5 Set squore

h
t

Meosure  eoc

(

I t

.I
,r; I

t.

balance point far aft on the wing, consequently the tail is made to
support more of the weight. Being tilted, the tail end ,slides downhill,
towards the low tip, producing a turn without undue bank. on a radio
controlled model, this would lead to inconsistency, as the tail is made
to produce lift and anti-lift according to what pitch control is given. The
tilt would cause turn in either direCtion when it was not wanted.

Turn can also be- accidentally introduced by slewing the wing, tril oj.
fusefage as in 21:4.In this part icular sketch wing ani tai l  are f ,aral lel ,but the fuse-lage is misaligned. This model will p-robably bankieft and
try to turn right!

lf the model is placed on a truly level and flat table, measurements
may be checked as shown in 21:5 and card or draughtsman,s ser
squ.ares, or carpenter's squares, used to align fuselage ind fin. Datum
and centre lines can be marked with a chinalraph peicil as a means of
reference.

Check 90o

_1\
: . . \  ^ ;  ,  . .  

I  Meosure  rcch  r i f \
Check  to i l  seo t
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Such a test will establish whether or not the wing seats level, that the
tips have the same amount of washout and the tail is similarly set up.
To check the wing and tail seatings on the fuselage, lay strips of straight
wood lr/oin. sq. o; so) across at leading and trailing edggs and measure
down from the tip of each to the table. Left and right tips of gac.h strip
should be the same distance. lf, say, the tail is also at zero incidence
and the fuselage has its datum parallel to the table as set up, then all
the tail strips should be equidistant from the table.

Flat-bottomed wings and tails are relatively easy to check for warps
and washout, sO are those which are undercambered, but bi-convex Or
symmetrical flying surfaces need an artificial 'datum' line that can be
seen. Sketch 2t:6 sfrows sighting or measuring strips made from
straight spruce or hard balsa and fitted with one fixed block and one
slidiig block which may be set to rest under or over the wing or tail
leading edge anci trailing edge respectively. Packing ca.n be introduced
to bring the checking str ip exact ly paral lel to the wing datum. Usual ly a
compa;ative check ii sufficient. Sketch 21:7 shows how a second strip
may be used to check the wing. Move the strips out equally on each
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wing, for checking equal amounts of washout. Now pface one at the
root and move the other out progressively to check the amount and
commencement of washout or to detect wash-in. Either strip may be
al igned with the fuselage datum l ine to check incidence angles and the-p+otraeterlplumb-bob provide a poirrr-tfpointangular eha-k Of fus
lag9, wingg and tail. Needless to say, the model shbuld remain packed
up for all these checks, which relate each part to the other

Sketch 21 :8 shows how to check side or downthrust in a conventional
fuselage. Remember that engines behind the c.G. need opposite offset.
The closer a motor is to the C.G. the less effective is the ofrset, but the
more effective is its height above or below that point.

Balancing the model is accordance to the designed Centre of Gravity
point is easy enough with the conventional high wing layout as in 21:g.
support the model on the fingertips or on blunt towels against a
convenient rib each side of thi fuselage. lt should sit level. Batance

Bolonce w i th  fuse loge hor izon to l

219
Low wing  mode l  inver ted  to  bo lonce

21:11

Check ing  s t r ip

21:12

21:1Q

Move mode l  to  ob to in  equo l  re luc tonce to  t  i l t

Control surfoce tip

Control surfoce

21:13
Cord  re fe rence sco le
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Wing inc idence sh ip

To i l  inc idence s t r iP

points are shown variously on plans as a chequered circle or arrow
head. Mark the edge of the wing seat on the finished model, having
drawn a line vertically from the point shown on the plan. A low wing
model can be balanced upside-down as in 21:10, but those mid-wing
models need to be moved fore and aft over the balancing supports until
they tift either way with equal ease. 121:11l..

Remember that the balance test is not to establish a new balance
point, but to show the need to add weight to the nose or tail to ensure
that the model balances where it is designed to.

Ghecking control neutrals
Some designs have wing and tail tips which extend to cover the ends

of the control surfaces - see sketch 21;12. The tip can thus be used to
align the trailing edge of aileron, elevator or rudder. lf, however, as is
quite common, the control surface goes right to the tip, a miniature
version of the wing check strip can be used. This time, the support
block sits just forward of the hinge line. A card reference scale can be
added as seen in  21:13.

All-moving tails are not so easy to check, so mark the fuselage or fin
careful ly from the plan and al ign with a pin in leading and trai l ing edge
of the moving tail.

The checking strip can also be used to show up small angular
differences against the fuselage (or a point above it in 'T'tail layouts).
Sketch 21:14 shows how a checking strip from the wing and one from
the all-moving tail can be combined to give a reference angle, which
can be compared with the drawings. In fact the checking strip method is
one of the few methods which enable the more recent method of 'wing

twist control'to be set up. Here the wings twist in opposition to each
other for bank and together in opposition to a FIXED tailplane for pitch
control.
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CHAPTER22

Minor repairs
Dents in block
Repair doublers
Sheet patches
Lightweight treatment
Tissue tips

Balsa block areas which may have been dented can sometimes be
returned to near normal shape by applying water, which swells the
compressed fibres again. on drying, the surface may then only need re-
finishing. Splits, however, can benefit from a ply or hard balsa ,stitch,
inserted into a transverse sawcut as in sketch 22:1. Small cracks can be
dealt with by a drop of cyano adhesive, which will be drawn in by
capillary action and harden the area.
_ Larger areas can be cut back and a wedge shaped patch inserted as in
22:2. f ndentations up to l/zin. across can be cut out with a hole-ounch
and.newwood punched from scrap sheet and inserted in its place, all
as shown in sketch 22:3.

22:1
Sowcut

22:3

t ) ;

Cut  owoy deeper  thon rep locemenf  p lug

"V"  no tch

Inser l  wedge sec t ion

\ - /

Sond down to motch

22:2
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Sheet fuselages can be patched inside a cracked or split area, but
beware of having a sudden step at the edges of such a 'doubler' patch.
This will promote a further weak point. Chamfer the edges off, but in
doing so, avoid a 'knife-edge' to the patch, or it may curl away. at the
edge as in 22:4. Finish the chamfer after gluing, as in 22:5. Medical
bandage and white glue can make a sound repair inside and such
treatment takes up little space.

Damage to leading edge sheet is a common happening. Provided the
leading eOge strip is intact, a new piece may be let in. Guess at the area
required as in 22:6, pin the patch in place and cut both patch and
ragged edge to match as in 22:7, finally insert support strips.cut from
croJs-grain strips as in 22:8. When these are set, glue in the patch
whichlhould now fit. The sheet from which the patch is cut should be
of similar hardness and flexibility to the wood it replaces, otherwise the
camber may be changed. Sometimes the damaged sheet can be
pushed straight from below, provided that access can be gained via a
small hole. Cyano then can be used on the repair.

It may be found that a rib or riblet has been crushed, or the leading
edge strip broken. In this case, repairing the sheet alone will leave a
weak area.

22:5 
V

Chomfer ofter
g lu ing  on  doub ler

22:6
22:7

1<--
22:8

22:4

Potch  sheet  some th ickness

Potch  ond ex is t ing  sheet
t r immed o t  some l ime

Tope on blode to sei

cul no deeper thon sheet thicknesses
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Lightweight models can have new pieces of rib and leading edge
joined in by making simple scarf or 'V'  joints as in 22:9. Note how the
new piece extends well into the supported area near the spars, and in
the leading edge, towards the next ribs. Thin splints each side of a
Oamag€d some strength-Beware-oflhe model tLaf :ts_
heavy, or if radio controlled and subject to more stress than a light free-
flight machine: repairs to vital structuraf members could be dangerous.
Far safer to rebuild that whole panel or section of tail-boom. More will
be at risk than a slow flying free-flight model. Radio models are heavier,
faster, have larger engines and are sometimes flown near other models
and people. Sudden loss of control through structural failure could
result in an accident, besides risking the radio equipment itself.

Open frame models having tissue covering can be temporarily
repaired on the spot when the covering gets torn locally. The doped
surface is fairly stiff and can be coaxed back into place with a pin as in
22:11. Balsa cement shrinks the edges together as it sets. The result is
not pretty, but maintains strength until a neat repair can be done at
home. This will entail cutting a neat patch and trimming away the
damaged tissue, so that there is a small overlap around the edges.
Where it is practicalto repair a small area in the centre of a bay between

22:9
Scorf ioin new
lod ing  edge

22:1O

"V"  io in t  new

piece o f  r ib
Solints sch side with chqmfered en&
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l / l6"ply cuti ing bord

inserled under tissue

22:12

ribs and spars, a clean trimming cut can be aided by inserting a small
pfy'cutting board' as in 22:12. Otherwise cut back to the nearest rib or
spar and patch that area.

Finally, never attempt to repair foam wings near the centre,
particularly if the model is radio controlled. Once crumpled, the foam is
difficult to rejoin and the veneer, which is the main structural part, may
have nothing to support it. Further out on the wing, new sections of
core can be spliced in with vertical spanwise reinforcement webs
inserted in sawcuts made vertically in the core. The new veneer edges
can then be reinforced with epoxy and light glassfibre cloth. Remember
that such a repair adds weight and the wing will need balancing with a
small tip weight in the opposite wing.

Do not forg-et to fuel-proof the surface of any repair if it is made to a
previously pioofed part of the model. Fuel may have already soaked
into the wood at the moment of crash so before using adhesives, soak
the offending part in cteaning fluid such as 'Thawpit' and blot away the
oil. lf wood G slightly moist from water then cyano glue can bond, but
oif and grease are a barrier to most glues.
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CHAPTER 23

Workshop tips

Spore bmr& used os shelves /

/ f Shelves over 4"frorn floor ond up

-lr.L:---:t =ffi

Planning a workspace
Bench and boards
Building aids
Storage
Field kit

It will not be long before that which started as 'kitchen table
modelling' becomes ousted from the kitchen . . . Sawdust never was a
good garnish for cooking and gravy spoi ls a paint f inish.

In the interests of safety, for both models and small children,
aeromodell ing is best done in a small  bedroom, boxroom, or sound,
dry and properly heated and ventilated shed. The plan shown in sketch
23:1 shows how to spread your model l ing wings, in a space about 7ft  x
11ft.  Model l ing benches can be condensed into smaller spaces, which
can be shut away, such as in a double wardrobe spQce or alcove at the
side of a chimney. For heavy work a 'workmate'folding bench can be
used temporarily and fitted with a metal working vice in addition to its

23:1

Bui ld ing  bmrd ( rmovob le)  s i rs  in  bcnch
Cut t ing  bord

Storoge chest of drowers

<- Doormot Porking spoce for building boor4 on stout brockets Smoll bench
(heovy) a

Clmronce for sowino lt

iH \sI
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Reor legs token up 1

_-  ,ond screwed f im ly
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o

l Woll  \

Window c i l l

23:,2 post  c i l  I
' t o  i t

Bench top

Bench bmrer

Skirting boord

,F loor

23:3

23:4

own. Some storage space is important for keeping small building
boards with part-constructed model components upon them, while
building is lnterupted for such mundane things as work and domestic
activities.

Above all, the modeller's 'holy of holies' needs to be locked safely
away from inquisitive small fingers.

Ouite a small 'heavy work'bench will suffice. The most arduous task
it serves is for the light metalwork involved in forming thick piano Wire
parts and a little rruoodwork involved in making plywood parts. More
experienced or experimental modellers tend to demand more bench
area for work, which could well be done in the space where a
removable building board sits.

Now to fix a bench . . . Modern houses tend to have light cellular
block walls, so anything needing a firm attachment requires the use of
toggle bolts. An alternative is to util ise the windowsill and skirting board
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as a means of attachment, as in 23:2. The bench top does need to be
firm for it needs to support the vice. A lightly secured vice is worse than
a badly made vice.

The building board itself must be firm and flat. lf there is no firm table
lorit*rhen useaready made domestic f|ush dssrJorthe-boardr€r m€ke
one, as sketch 23;3. Note the pin-board surface (D.l.Y. shops or the
woodyard). The board should be about 24 x 48in., but smaller will
suffice .14 x 40in.) in which case try some mini boards as in z3:4 . . .
some of these, in addition, can be stacked to save space without
disturbing the parts like tailplanes which they carry.

Another useful board is the dihedral board. This can be made from
blockboard surfaced with pinboard and hinged flush, so that wings can
be bui l t  in one piece in one session. The dimensions are typical,  but
depend on the largest wing one is l ikely to be bui lding in this way.
(23:5). They are also useful at the doping stage.

To ease the accurate construction of fuselages (and in some cases
other components) a building jig can prove an asset. The one designed
for making oneself is shown in 23:6. Being magnetic, it is instantly set
up for width and angle. Low cost magnets are available from Proops or
Whistons Ltd. One of the wood support blocks can be used to collect
stray pins if placed in a plastic bag. when collected, the pins are
retained in the bag which is turned inside-out in removing the magnet-
carrying block.

ThB block can also be stood on the jaws of a vice as a dril l ing guide
(useful if the workshop has no dril l stand).

Recessed hinges

up os required

2/1" 2"x 3/4" p ine 3"-4" ro l l

l/4" x3/32" (opprox) sreel
sh ips  le t  in  f lush

6" c en fres

Blockboord bose
Length io suit

lr4oke 2 blocks per
metol strip

mognet flush
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2"xl/2" Pine

23:7

An 'L'-shaped wood block also serves to guide a drill bit in a hand
dri l l  as in 23:7. The block is placed in l ine with the hole and the bit.
guided by the inner angle of its sides.- 

Storage of the many tiny nuts, bolts and screws, R/C accessories,
wheel collets, washers and tiny useful offcuts of tube and metal
sections, can be distracting to the eye and memory. Empty film
containers (35mm type) are easily collected from photographers and
friends, and make excellent containers for small items. A rotating rack
13in. long will hold about 36 containers - see sketch 23:8. Remove each
container from the underside row to avoid spilling the contents.

Larger items and hand tools can be kept in a neat folding wall
cupboard, built as in 23:9, and sized according to the user's needs with
a maximum of say 6ft. wide bV Zft. tall and 6in. deep when open (12in.
deep closed x 3ft. long). Use hardboard or 1/ein. ply and %in. thick wood
for the shelves on small versions, up to 3/ain. thick for the largest.

lf you want to grade balsa wood into comparative hardness or to
weigh small components, try the simple multi-purpose Balsa Tester in
23:10.

Tools
Basic aeromodelling can be done with few hand tools, but collect a

good range of modelling knife blades. For carving, use a firm blade
knife, kept impeccably sharp and use a 'stanley'type knife for work on
thin ply. A razor saw is neat to use, but reserve it for balsa, Junior
hacksaws and larger will also be needed, so will a modelling plane for
balsa and a small carpenter's plane for shaping hardwood strip.

lf it can be afforded, a modeller's mini drill arid stand is a great asset,
so is a disc sander, for producing accurate ends for iointing.

As was shown in the wirework part of Chapter 13, do not expeet small
needle-nose pliers to cope with piano wire of greater thickness than
18s.w.g. . . . The same applies to cutting the wire.

One cannot have too large a selection of drill bits, but go gently with
those under l/szin. dia. This list is by no means exhaustive and closes
with a vital item . . . Face Masks. Balsa dust is unpleasant to inhale, yet
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it is so light that without a mask and appropriate filter pad, it floats in
like smoke. Glassfibre dust is BROKEN GLASS and some paint finishes
are toxic . . , You want to enjoy the flying bit, don't you?

This is not going to stop you model l ing, though. Treat the dust and
ftrmes wittrttre same resBecras thc scelpefblade5usedin cutti.ng balsa
. . . lf there is much sanding to be done, take it outside when the
weather permits.

Outward and onward
Modellers have been known to turn up at the flying site with their tool

kit and spares in a plastic carrier bag or bucket. A simple 'field box'

, ' tE"'

Plos t ic  f i lm conto iners
Iock conloiner

lo strip
I ids

' I ]  
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such as that in 23:1 1 is not difficult to make and reflects the care you
put into building the models.

As more and more models are built, proven, enioyed and re-
membered, you may find your own ways of making building easier.
Develop new model designs . . . Share the enioyment.

The Argus Special ist Publications range of modell ing magazines
could be interested in well proven and nicely presented designs. They
even pay for those photographs and plans accepted for publication.
Don't forget a S.A.E. though . . . HAPPY AEROMODELLING.
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