By Jaromir Bily

hen I decided to design

and construct a new FAI

(F3D) pylon racing
aircraft, the full scale aircraft that 1
selected to base my model on was the
Mace R-2 Shark, which is a famous
Formula One racing aircraft. The
Mace R-2 Shark still races each year
at the Reno National Air Races. One of
the most distinctive features
associated with the Shark, which sets
it apart from the other Formula One
designs, is its elliptical wing.

HOW TO CUT AN ELLIPTICAL
FOAM WING CORE

via the deformation method
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Early in my design efforts, the
question of how to best construct the
foam core type wing came to mind.
Certainly the elliptical wing could be
constructed via the use of
conventional straight tapered foam
cores with large balsa leading and
trailing edges, and tip blocks being
used to ultimately achieve the
required elliptical planform by

extensive cutting and sanding. This

method has been used in some scale
model kits, most notably with the
British World War II Spitfire, for
example. However, this method does
result in a heavier than normal
finished wing.

As a result, the primary questions
that I pondered were: “Could I cut
elliptical foam cores with a
conventional hot wire cutter? Would it
be possible to do this and obtain the
desired elliptical planform and airfoil
accurately?”

The answer to both questions is yes,

BENDING JIG

CAMBERING JIG

A — THE AIRFOIL STRAIGHTENED

B — CUTTING OF THE LOWER SURFACE (STRAIGHT PORTION OF WING)

C — CUTTING OF UPPER SURFACE (IN THE JIG)

D — SHEETING — CAMBERING OF THE AIRFOIL & BENDING OF DIHEDRAL
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and is based on the following
reasoning: An ellipse is a conic-section
that is obtained, for example, by
cutting a cylindrical shape on an
angular plane. The degree of angle of
the cutting plane will determine the
shape of the resultant ellipse. The cut
piece that results will have an
elliptical plan surface, while the
portion of the cylindrical base piece
that was cut will determine the airfoil
(see Figure No. 1).

By using this method, an elliptically
shaped foam core can be cut to the
desired airfoil shape. While my wing
foam cores were cut for use on a racing
aircraft, the same technique may be
used to produce a symmetrical pattern
aircraft type wing or even flat bottom
type airfoils.

(Editor’s Note: The following
portion of this article may not be clear
to all readers and some translating
errors may exist, however, the
accompanying diagrams and photos
illustrate the process by which the
author cut his foam core wings.)

Figure No. 2 illustrates the cutting
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of the lower surface of the wing.
Similarly, we could cut out even the
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complies to our requirement of its
planform and course of thickness, but
this airfoil is acceptable,
approximately, only up to its half of
half-span. Nevertheless, the
necessary improvement is at hand.

FIGURE 3a

COURSE OF THICKNESS

CAMBER OF JIGS
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FIGURE 3b




CUTTING OF JIG

FIGURE 4a

Figure No. 4a shows the jig for
bending a foam block, Figure No. 4b
shows the cutting of the lower core
surface, and Figure No. 4c¢ shows the
cutting of the upper core surface after
bending the foam block. In every case,
the rate of hot wire travel speed
through the foam is the same at both
ends; like when cutting a conventional
rectangular wing.

The results are shown in Figure
(photo) No. 5. The wing of the “Shark”
has a biconvex non-symmetrical
airfoil. The terminal templates angle
of setting were corrected and the
templates were located in such a way

Up to now we have used the same
template both for the root and tip of
wing. Now let’s design the wing tip
section templates that make it
possible to obtain the required airfoil
at section IV. Provided we are
successful, the airfoils at sections I
and IV will be absolutely precise, and
the airfoils situated in sections II and
IIT will be thicker only by some tenths
of a percent than the reckoned ones.
The wing section between sections IV
and V may be regarded as being a well

FIGURE 4b

CUTTING OF LOWER SURFACE
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FIGURE 4c
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designed wing tip. The curvature of
wing tip templates which will be
located in the position of section V, are
obtained by extrapolation from the
airfoils in section I and IV.
(Extrapolation is the opposite of
interpolation.)

An attentive reader can object now,
that the core after corrections is not
possible to cut with a straight hot
wire. This objection would be correct if
you tried to use conventional methods.
But you can help yourself by a simple
wit: If it is impossible to bend the
cutting wire on the plane
perpendicular to the plane of cutting,
then it is necessary to bend the cut
foam block contrariwise. The course of
required deflection, bending as it is
known, is the curve of the wing’s
thickness course (see Figure No. 3b).

The procedure for core cutting is

so that the lower and the upper cuts
might pass by 2 mm. That is why the
CUTTING OF UPPER SURFACE wing end is to be found “inside” the
AFTER FOAM BLOCK IS DEFORMED foam block.

From the front view, the lower
surface of the core is flat, and the
upper surface is cambered convex (see
Figure No. 6).

The core is straightened as follows:
When sheeting, we put the core into
the jig for sheeting, which differs from
the jig for cutting just by a half
deflection.

For the sheeting, it is necessary to
use epoxy resin, as contact adhesives
are not suitable for this described
method. Well, let’s place the core with
TIP the fashioned wing skins between the
remaining cuttings of the foam block,

FIGURE 5

shown in Figures No. 4a, 4b, and 4c.
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"] may be necessary.
To prove this, Figure No. 8 shows

_,;/____:_'—————5_ the airfoil templates, while Figure

e e L

No. 9 defines the jig’s ordinates for my
new “Shark II” wing. The wingspan is
1320 mm, chord 280 mm, area
29 dm?. Dimensions of the foam blocks
in mm: 40 x 400 x 660/670,

_f,__::——___:;—::_—’? respectively, for the jigs. The wing is

FIGURE 6

insert the block into the jig for
sheeting, and then apply stiff cover
plates to them and put the whole unit
into a polyethylene bag. Then exhaust
air from the bag with a vacuum pump
or vacuum cleaner and let the resin
harden (see Figure No. 7).

Naturally, the preparation of the
required templates, including
necessary corrections, is a rather
laborious process. Nevertheless, as
soon as the correct templates are at
our disposal, elliptical wings are as
easy to make as any other foam core
wing. About twenty R/C modelers who
have constructed approximately 30
“Shark” models up to this time, are
well aware of this fact. Most of them
constructed their wings by
themselves, using their own
templates.

As was mentioned, this method is
usable for wings with symmetrical,
semi-symmetrical, and flat-bottom
airfoils. In the case of a wing with a
non-symmetrical airfoil (see Figure
No. 7a), it is necessary to check (best
to do at section IV) whether the plan
angle of airfoil chord is constant. If
not, a small turning of the tip template

W BLOCK

VACUUM PUMP

FIGURE 7

covered with 2 mm balsa skins.
If we contemplate the described
elastic deformation method of cutting
g

COVERING OF WING CORE
BY MEANS OF VACUUM

foam cores to the end, we can conclude
that it would be possible to cut out, for
example, even a rectangular wing
with an elliptical tip, which would
have a U-shaped dihedral in bending
and a chambered airfoil. See Figure
No. 9 and informational sequence
sketch. This is possible because a foam
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670 block may be deformed (bent) not only
longitudinally, but also in its
FOAM BLOCK transversal course.
[ T T T T T T l I ] ] TEMPLATE —] In the same way it would even be
: possible to construct a foam core of a
propeller blade shape, for example.
JIG ORDINATES The fu'nct.i_onal surface of suc;h a
STATION 0 [ 70 [120[170[220]270[320[370]620 [470 [520]570 [620[670 | | deformingiig would have tobe twirled
(twisted) in the opposite course of the
FOR CUTTING (188 (183 (181(181 (182|183 (186|193 |204|221|24,2|270|315|372 propeller pitch.
FOR COVERING [194{192[191[191[191[192| 193|197 [202|211 |221|235[258|286 I'wish good luck for those of you who
are going to construct elliptical foam
FIGURE 9 core wings via the elastic deformation
method of cutting. O
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